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PREFACE. 


The  design  of  the  present  volume  is  to  offer  to  the  student 
commencing  the  subject  of  Chemistry,  in  a  compact  and 
inexpensive  form,  an  outline  of  the  general  principles  of  that 
science,  and  a  history  of  the  more  important  among  the  very 
numerous  bodies  which  Chemical  Investigations  have  made 
known  to  us.  The  work  has  no  pretensions  to  be  considered 
a  complete  treatise  on  the  subject,  but  is  intended  to  serve 
as  an  introduction  to  the  larger  and  more  comprehensive 
systematic  works  in  our  own  language  and  in  those  of  the 
Continent;  and  especially  to  prepare  the  student  for  the 
perusal  of  original  memoirs,  which,  in  conjunction  with 
practical  instruction  in  the  laboratory,  can  alone  afford  a 
real  acquaintance  with  the  spirit  of  research  and  the  resources 
of  Chemical  Science. 

It  has  been  my  aim  throughout  to  render  the  book  as 
practical  as  possible,  by  detailing,  at  as  great  length  as 
the  general  plan  permitted,  many  of  the  working  processes 
of  the  scientific  laboratory,  and  by  exhibiting,  by  the  aid 
of  numerous  wood-engravings,  the  most  useful  forms  of 
pparatus,  with  their  adjustments  and  methods  of  use. 

As  one  principal  object  was  the  production  of  a  convenient 
and  useful  class-book  for  pupils  attending  my  own  lectures, 
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PREFACE. 


I  have  been  induced,  to  adopt  in  the  book  the  plan  of  arrange- 
ment followed  in  the  lectures  themselves,  and  to  describe  the 
non- metallic  elements  and  some  of  then  most  important 
compounds  before  discussing  the  subject  of  the  general 
philosophy  of  Chemical  Science,  and  even  before  describing 
the  principle  of  the  equivalent  quantities,  or  explaining  the 
use  of  the  written  symbolical  language  now  universal  among 
Chemists. 

I  have  devoted  as  much  space  as  could  be  afforded  to 
the  very  important  subject  of  Organic  Cheniistiy ;  and  it 
will,  I  believe,  be  found  that  there  are  but  few  substances 
of  any  general  interest  which  have  been  altogether  omitted, 
although  the  very  great  number  of  bodies  to  be  described 
in  a  limited  number  of  pages  rendered  it  necessary  to  use 
as  much  brevity  as  possible. 

GEO.  FOWKES. 


University  College,  London, 
October  5,  1847. 


PREFACE  TO  THE  ELEVENTH  EDITION 


The  third  edition  of  this  Work  was  nearly  completed  by  the 
Author  shortly  before  his  death  in  January  1849,  and  was 
published  at  the  beginning  of  the  following  year  under  the 
editorship  of  his  friend  Dr.  H.  Bence  Jones. 

In  the  six  following  editions,  which  were  edited  by 
Dr  Bence  Jones  and  Dr  Hofmann,  a  large  amount  of  new 
and  important  matter  was  added,  but  the  general  plan  of 
the  original  work  was  retained,  with  but  little  alteration. 

In  the  tenth  edition  (18G8),  by  Dr.  Bence  Jones  and  the 
present  Editor,  it  was  found  necessary,  in  consequence  of  the 
rapid  advance  of  the  science,  and  the  great  changes  which 
had  taken  place  in  the  entire  system  of  Chemical  Philosophy, 
to  make  considerable  alterations  and  additions  in  almost 
every  part  of  the  work. 

The  chapter  on  the  General  Principles  of  Chemical 
Philosophy  was  accordingly  re-written. 

Considerable  additions  were  made  to  the  descriptions  of 
the  metals,  especially  those  of  rarer  occurrence,  several  of 
which  have  acquired  greatly  increased  importance  by  the 
more  exact  investigations  of  late  years.  The  distinguishing 
reactions  of  the  several  metals  were  also  given  more  fully 
than  in  former  editions. 

The  greater  part  of  the  Organic  Chemistry  was  re-written, 
especially  the  sections  relating  to  the  Hydrocarbons,  Alcohols, 
and  Acids,  and  the  compounds  belonging  to  each  of  these 
groups  were  arranged  in  series. 

The  section  on  Animal  Chemistry  was  entirely  revised  by 
Dr.  Bence  Jones. 

The  new  Atomic  Weights  were  introduced,  and  the 
Notation  was  altered  in  accordance  with  them. 
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PREFACE  TO  ELEVENTH  EDITION. 


In  the  present  edition,  a  considerable  amount  of  new 
matter  has  been  added,  chiefly  relating  to  Organic  Chemistry ; 
and,  to  render  this  addition  possible  without  increasing  the 
size  of  the  volume,  those  parts  of  the  original  section  on 
Physics,  which  appeared  not  quite  essential  to  the  understand- 
ing of  Chemistry,  have  been  omitted, 

The  Author's  original  plan  of  describing  the  non-metallic 
elements  and  their  compounds  with  one  another,  before 
entering  upon  the  discussion  of  the  general  principles  of 
Chemical  Philosophy,  is  retained ;  but  a  short  statement 
of  the  most  important  Laws  of  Chemical  Combination,  and 
of  the  fundamental  principles  of  the  Atomic  Theory,  is 
given  immediately  after  the  description  of  the  compounds  of 
oxygen,  in  order  to  introduce  the  student  as  soon  as  possible 
to  the  expression  of  chemical  combinations  and  reactions  by 
Symbolic  Notation.  By  this  arrangement  the  formulae  relat- 
ing to  the  compounds  above  mentioned  can  be  at  once  intro- 
duced into  the  text,  instead  of  being  thrown  into  foot-notes, 
as  in  the  previous  editions. 

In  the  section  on  Organic  Chemistry,  or  the  Chemistry  of 
Carbon-compounds,  the  same  general  arrangement  is  followed 
as  in  the  last  edition,  excepting  that  these  compounds 
are  divided  into  the  two  great  groups,  called  Fatty  and 
Aromatic.  The  description  of  the  compounds  of  the 
latter  group,  which  at  present  occupy  a  large  share  of  the 
attention  of  Chemists,  has  been  in  great  part  re-written. 

The  section  on  Animal  Chemistry  remains  as  in  the  last 
edition,  with  the  exception  of  a  slight  alteration  of  arrange- 
ment in  the  description  of  the  Albuminous  Principles. 

The  Weights  and  Measures  used  are  those  of  the  French 
Decimal  System.  Temperatures  are  expressed  in  the  Centi- 
grade Scale,  except  where  the  contrary  is  stated.  A  com- 
parative Table  of  the  Centigrade  and  Fahrenheit  Scales  is 
given  at  the  end  of  the  volume. 

HENRY  WATTS. 

LoTTOON,  November  1872. 
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INTRODUCTION. 

The  Science  of  Chemistry  has  for  its  ohject  the  study  of  the  nature 
and  properties  of  all  the  materials  which  enter  into  the  composi- 
tion or  structure  of  the  earth,  the  sea,  and  the  air,  and  of  the 
various  organised  or  living  beings  which  inhabit  them.  Every 
object  accessible  to  man  is  thus  embraced  by  the  wide  circle  of 
Chemical  Science. 

The  highest  efforts  of  Chemistry  are  constantly  directed  to  the 
discovery  of  the  general  laws  or  rules  which  regulate  the  forma- 
tion of  chemical  compounds,  and  determine  the  action  of  one 
Substance  upon  another.  These  laws  are  deduced  from  careful 
observation  and  comparison  of  the  properties  and  relations  of  vast 
numbers  of  individual  substances ;  and  by  this  method  alone. 
The  science  is  entirely  experimental,  and  all  its  conclusions  the 
results  of  skilful  and  systematic  experimental  investigation. 

The  applications  of  the  discoveries  of  Chemistry  to  the  arts  of 
life,  and  to  the  relief  of  human  suffering  in  disease,  are,  in  the 
present  state  of  the  science,  both  veiy  numerous  and  very  im- 
portant, and  encourage  the  hope  of  still  greater  benefits  from  more 
extended  knowledge. 

In  ordinary  scientific  speech  the  term  chemical  is  applied  to 
changes  which  permanently  affect  the.  properties  or  characters  of 
bodies,  in  opposition  to  effects  termed  physical,  which  are  not 
attended  by  such  consequences.  Changes  of  decomposition  or 
combination  are  thus  easily  distinguished  from  those  temporarily 
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"brought  about  by  heat,  electricity,  magnetism,  and  the  attractive 
forces,  whose  laws  and  effects  lie  within  the  province  of  Physics 
or  Natural  Philosophy. 

Nearly  all  the  objects  presented  by  the  visible  world  are  of  a 
compound  nature,  being  chemical  compounds,  or  variously  disposed 
mixtures  of  chemical  compounds,  capable  of  being  resolved  into 
simpler  forms  of  matter.    Thus,  a  piece  of  limestone  or  marble, 
by  the  appbcation  of  a  red  heat,  is  decomposed  into  quicklime  and 
a  gaseous  body,  carbon  dioxide.    Both  lime  and  carbon  dioxide 
are  in  their  turn  susceptible  of  decomposition,  the  former  into  a 
metal,  calcium  and  oxygen,  and  the  latter  into  carbon  and  oxygen. 
For  this  purpose,  however,  simple  heat  does  not  suffice,  the  resolu- 
tion of  these  substances  into  their  components  demanding  the 
exertion  of  a  high  degree  of  chemical  energy.    Beyond  this  second 
step  of  decomposition  the  efforts  of  Chemistry  have  hitherto  been 
found  to  fail ;  and  the  three  bodies,  calcium,  carbon,  and  oxygen, 
having  resisted  all  attempts  to  resolve  them  into  simpler  forms  of 
matter,  are  accordingly  admitted  into  the  list  of  elements;  not 
from  an  absolute  belief  in  their  real  oneness  of  nature,  but  from  the 
absence  of  any  evidence  that  they  contain  more  than  one  descrip- 
tion of  matter. 

The  partial  study  of  certain  branches  of  Physical  Science,  as  the 
physical  constitution  of  gases,  the  chief  phenomena  of  heat  and 
electricity,  and  a  few  other  subjects,  forms  so  indispensable  an 
introduction  to  Chemistry  itself,  that  it  is  rarely  omitted  in  the 
usual  courses  of  oral  instruction.  A  sketch  of  these  subjects  is,  in 
accordance  with  these  views,  placed  at  the  commencement  of  the 
present  volume. 


PART  I.-PHYSICS. 


OF  DENSITY  AND  SPECIFIC  GRAVITY. 


It  is  of  great  importance  at  the  outset  to  understand  clearly  what 
is  meant  by  the  terms  density  and  specific  gravity.  By  the  density 
of  a  body  is  meant  its  mass,  or  quantity  of  matter,  compared  with 

I  the  mass  or  quantity  of  matter  of  an  equal  volume  of  some  standard 
"body,  arbitrarily  chosen.  Specific  gravity  denotes  the  weight  of  a 
body,  as  compared  with  the  weight  of  an  equal  bulk,  or  volume, 
of  the  standard  body,  which  is  reckoned  as  unity.*  In  all  cases 
of  solids  and  liquids  the  standard  of  unity  adopted  in  this  country 
is  pure  water  at  the  temperature  of  15-5°  C.  (60°  Fahr.)  Any- 
thing else  might  have  been  chosen ;  there  is.  nothing  in  water  to 

i  render  its  adoption  for  the  purpose  mentioned  indispensable :  it  is 
simply  taken  for  the  sake  of  convenience,  being  always  at  hand, 
and  easily  obtained  in  a  state  of  perfect  purity.  An  ordinary 
expression  of  specific  weight,  therefore,  is  a  number  explaining 
how  many  times  the  weight  of  an  equal  bulk  of  water  is  contained 
m  the  weight  of  the  substance  spoken  of.  If,  for  example,  we  say 
that  concentrated  oil  of  vitriol  has  a  specific  gravity  equal  to  1-85 
or  that  perfectly  pure  alcohol  has  a  density  of  0-794  at  15-5°  C.' 
we  mean  that  equal  bulks  of  these  two  liquids  and  of  distilled 
water  possess  weights  in  the  proportion  of  the  numbers  1-85  0*794 
and  1 ;  or  1850,  794,  and  1000.  It  is  necessary  to  be  particular 
about  the  temperature,  for,  as  will  be  hereafter  shown,  liquids  are 
extremely  expansible  by  heat;  otherwise  a  constant  bulk  of  the 
Same  liquid  will  not  retain  a  constant  weight.  It  will  be  proper 
to  begin  with  the  description  of  the  mode  in  which  the  specific 
gravity  of  liquids  is  determined :  this  is  the  simplest  case,  and  the 
'•no  winch  best  illustrates  the  general  principle. 
To  find  the  specific  gravity  of  any  particular  liquid  compared 

*  In  ntliar 
comparative  '<.__, 
things,  are  often  used  qiun 

''trh  othern00nVenie"Ce'  S'nCe  maSS       wei6ht  are  directly  proportional  to 
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with  that  of  water,  it  is  only  requisite  to  ^^.J^f-,^ 
standard  temperature,  and  then  divide  the  weight  of  the  1 mm  A _  by 
the  weight  of  the  water;  the  quotient  will  be  greater  or  less  than 
unity,  as  the  liquid  experimented  on  is  heavier  or  lighter  than 
wS    Now,  toVeigh  equal  bulks  of  two  fluids,  the  simplest  and 

5  method' is  clearly  to  weigh  them  in  succession  m  the  same 
vessel,  taldng  care  that  it  is  equally  full  on  both  occasions. 

A  thin  glass  bottle,  or  flask,  with  a  narrow  neck,  is  procured,  of 
the  form  represented  below  (fig  1),  and  of  such  opacity  as  to  con- 
tain, when  filled  to  about  half-way  up  the  neck,  exactly  1000 
grains  of  distilled  water  at  15-5°  C.    A  counterpoise  of  the  exact 


weight  of  the  ^^*^Sw4^m 
weight,  or  something  of  the  kind,  ana  (-.ut  iu.  ,      j  . 

it  exactly  balances  the  1000-gi.  ni  auw  j  k 

opposite  scale;  the  h^rt^AigB^to^ 
is  marked  by  a  scratch,  and  the  temperature  at  15-5°, 

The  liquid  to  be  examined  is  broughl  to  i         \       meiltioned . 

specific  gravity  directly  ascertained. 
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A  watery  liquid  in  a  narrow  glass  tube  always  presents  a  curved 
surface,  from  the  molecular  action  of  the  glass,  the  concavity  being 
upwards.  It  is  better,  on  this  account,  in  graduating  the  bottle, 
to  make  two  scratches,  as  represented  in  the  figure,  one  at  the  top 
and  the  other  at  the  bottom  of  the  curve.  The  marks  are  easily 
made  by  a  fine,  sharp,  triangular  file,  the  hard  point  of  which, 
also,  it  may  be  observed,  answers  perfectly  well  for  writing  upon 
glass,  in  the  absence  of  a  proper  diamond  pencil. 

It  will  be  quite  obvious  that  the  adoption  of  a  flask  holding 
exactly  1000  grains  of  water  has  no  other  object  than  to  save  the 
trouble  of  a  very  trifling  calculation ;  any  other  quantity  would 
answer  just  as  well,  and,  in  fact,  the  experimental  chemist  is 
often  compelled  to  use  a  bottle  of  much  smaller  dimensions,  from 
scarcity  of  the  liquid  to  be  examined. 

When  the  specific  gravity  of  a  liquid  is  to  be  determined  with 
great  accuracy,  a  case  which  frequently  occurs  in  chemical  inquiries, 
a  little  glass  bottle  is  used,  of  the  form  shown  in  fig.  2.  This 
bottle  is  provided  with  a  perforated  conical  glass  stopper,  most 
accurately  fitted  by  grinding.  By  completely  filling  the  bottle 
with  liquid,  and  carefully  removing  the  portion  of  liquid  which 
is  displaced  when  the  stopper  is  inserted,  an  unalterable  measure 
is  obtained.  The  least  possible  quantity  of  grease  applied  to  the 
stopper  greatly  promotes  the  exact  fitting. 

When  the  chemist  has  only  a  very  small  quantity  of  Fie-  3- 
a  fluid  at  his  disposal,  and  wishes  not  to  lose  it,  the 
little  glass  vessel  (fig.  3)  is  particularly  useful.  It  is 
formed  by  blowing  a  bulb  on  a  glass  tube.  On  that 
portion  of  the  tube  which  is  narrowed  by  drawing  the 
tube  out  over  a  lamp,  a  fine  scratch  is  made  with  a 
diamond.  The  bulb  is  filled  up  to  this  mark  with 
the  liqvud  whilst  it  stands  in  water,  the  temperature  of 
which  is  exactly  known.  A  very  fine  funnel  is  used 
for  filling  the  bulb,  the  stem  of  the  funnel  being 
drawn  out  so  as  to  enter  the  tube,  and  the  upper 
opening  of  the  funnel  being  small  enough  to  be  closed 
by  the  finger.  The  glass  stopper  is  only  wanted  as  a 
guard,  and  does  not  require  to  fit  perfectly. 

The  determination  of  the  specific  gravity  of  a  solid 
body  is  made  according  to  the  same  principles,  and 
may  be  performed  with  the  specific-gravity  bottle 
(fig.  2).  The  bottle  is  first  weighed  full  of  water ; 
the  solid  is  then  placed  in  the  same  pan  of  the  balance,  and  its 
Weight  is  determined ;  finally,  the  solid  is  put  into  the  bottle, 
displacing  an  equal  luilk  of  water,  the  weight  of  which  is  deter- 
mined by  tint  loss  on  again  weighing.  Thus  the  weights  of  the 
solid  and  that  of  an  equal  bulk  of  water  arc  obtained.  The  for- 
mer divided  by  the  latter  gives  the  specific  gravity. 
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For  example,  the  weight  of  a  small  piece  of 

silver  wire  was  found  to  "be  . 
Glass  bottle  filled  with  water  . 


After  an  equal  volume  of  water  was  displaced  by 
the  silver,  the  weight  was  .... 

Hence  the  displaced  water  weighed 


98-18  grama 
294-69  „ 


392-87 


383-54 


9-33 


Fig.  4. 


From  this  the  specific  gravity  of  the  )  98-18  _  10.523  n 
silver  wire  )   9  "33 

Another  highly  ingenious,  but  less  exact  method  of  determining 
the  specific  gravity  of  solids,  is  based  on  the  well-known  theorem 
of  Archimedes. 

This  theorem  may  be  thus  expressed : 

When  a  solid  is  immersed  in  a  fluid,  it  loses  a  portion  of  its 
weight ;  and  this  portion  is  equal  to  the  weight  of  the  fluid 
which  it  displaces ;  that  is,  to  the  weight  of  its  own  bulk 
of  that  fluid. 

It  is  easv  to  give  experimental  proof  of  this  very  important  pro- 
position, as  well  as  to  establish  it  by  reasoning. 
Figure  4  represents  a  little  apparatus  for  the 
former  purpose.  This  consists  of  a  thin  cylin- 
drical vessel  of  brass,  into  the  interior  of  which 
fits  very  accurately  a  solid  cylinder  of  the  same 
metal,  thus  exactly  filling  it.  When  the  cylin- 
der is  suspended  beneath  the  bucket,  as  seen  in 
the  sketch,  the  whole  hung  from  the  arm  of  a 
balance  and  counterpoised,  and  then  the  cylin- 
der itself  immersed  in  water,  it  will  be  found  to 
have  lost  a  certain  weight ;  and  that  this  loss  is 
precisely  equal  to  the  weight  of  an  equal  bulk 
of  water,  may  then  be  proved  by  filling  the 
bucket  to  the  brim,  whereupon  the  equilibrium 
will  be  restored. 

The  consideration  of  the  great  hydrostatic  law 
of  fluid  pressure  easily  proves  the  truth  of  the 
principle  laid  down.  Let  the  reader  figure  to 
himself  a  vessel  of  water,  having  immersed  m 
it  a  solid  cylindrical  or  rectangular  body,  and  so 
adjusted  with  respect  to  density,  that  it  shall 
float  indifferently  in  any  part  beneath  the  sur- 
face (fig  5). 

Now  the  law  of  fluid  pressure  is  to  this  effect : 
The  pressure  exerted  by  a  fluid  on  any  point  of  the  containing 
vessel  or  on  any  point  of  a  body  immersed  beneath  its  surface,  is 
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Fig. 


Fig.  G. 


dependent,  firstly,  upon  the  density  of  the  fluid,  and,  secondly, 
upon  the  vertical  depth  of  the  point  in  ques- 
tion helow  the  surface.  It  is  independent  of 
the  form  and  lateral  dimensions  of  the  vessel 
or  immersed  body.  Moreover,  owing  to  the 
peculiar  physical  constitution  of  fluids,  this 
pressure  is  exerted  in  every  direction,  up- 
wards, downwards,  and  laterally,  with  equal 
force. 

The  floating  body  is  in  a  state  of  equili- 
brium ;  therefore  the  pressure  downwards 
caused  by  its  gravitation  must  be  exactly 
compensated  by  the  upward  transmitted 
pressure  of  the  column  of  water  a,  b.  But 
this  pressure  downwards  is  obviously  equal  to  the  weight  of  an 
equal  quantity  of  water,  since  the  body  of  necessity  displaces  its 
own  bulk.  Hence  the  weight  which  a  body  loses  when  immersed 
in,  or  floated  on  water,  is  equal  to  the  weight  of  the  volume  of 
water  displaced  by  that  body. 

Whatever  be  the  density  of  the  substance,  it  will  be  buoyed  up 
to  this  amount ;  in  the  case  supposed,  the  buoyancy  is  equal  to 
the  whole  weight  of  the  body,  which  is  thus,  while  in  the  water, 
reduced  to  nothing. 

A  little  reflection  will  show  that  the  same 
reasoning  may  be  applied  to  a  body  of  irregu- 
lar form  ;  besides,  a  solid  of  any  figure  may  be 
divided  by  the  imagination  into  a  multitude  of 
little  perpendicidar  prisms  or  cylinders,  to  each 
of  which  the  argument  may  be  applied.  What 
is  true  of  each  individually  must  necessarily  be 
true  of  the  whole  together. 

This  is  the  fundamental  principle  ;  its  appli- 
cation is  made  in  the  following  manner  :  Let 
it  be  required,  for  example,  to  know  the  specific 
gravity  of  a  body  of  extremely  irregular  form, 
as  a  small  group  of  rock  crystals  :  the  first  part 
of  the  operation  consists  in  determining  its  abso- 
lute weight,  or,  more  correctly  speaking,  its 
weight  in  air  ;  it  is  next  suspended  from  the 
balance-pan  by  a  fine  horsehair,  immersed  com- 
pletely tn  pure  water  at  15-5°,  and  again 
weighed,  it  now  weighs  less,  the  difference 
being  the  weight  of  the  water  it  displaces,  that 
is,  the  weight,  of  an  equal  bulk.  This  being  known,  nothing 
more  is  required  than  to  find,  by  division,  how  many  times  the 
latter  number  is  contained  in  the  former  ;  the  quotient  will  lie  the 
density,  water,  at  the  temperature  of  15-5°,  being  taken  =  1.  Vol 
example  : — 
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The  quartz-crystals  weigh  in  air  .       .       ,    293*7  grains. 

When  immersed  in  water,  they  weigh    .       .       .    180-1  „ 


Difference,  being  the  weight  of  an  equal  volume  of 

water   113'6 


The  rule  is  generally  thus  written  :  "  Divide  the  weight  in  air 
by  the  loss  of  weight  in  water,  and  the  quotient  will  he  the  specific 
gravity."  In  reality  it  is  not  the  weight  in  air  which  is  required, 
hut  the  weight  the  body  would  have  in  empty  space  :  the  error 
introduced,  namely,  the  weight  of  an  equal  bulk  of  air,  is  so 
trifling,  that  it  is  usually  neglected. 

Sometimes  the  body  to  be  examined  is  bghter  than  water,  and 
floats.  In  this  case,  it  is  first  weighed,  and  afterwards  attached  to 
a  piece  of  metal  heavy  enough  to  sink  it,  and  suspended  from  the 
balance.  The  whole  is  then  exactly  weighed,  immersed  in  water, 
and  again  weighed.  The  difference  between  the  two  weighings 
gives  the  weight  of  a  quantity  of  water  equal  in  bulk  to  both  to- 
gether. The  light  substance  is  then  detached,  and  the  same  opera- 
tion of  weighing  in  air,  and  again  in  water,  repeated  on  the  piece 
of  metal.  These  data  give  the  means  of  finding  the  specific 
gravity,  as  will  be  at  once  seen  by  the  following  example  : — 

Light  substance  (a  piece  of  wax)  weighs  in  air    .    133-7  grains. 


Attached  to  a  piece  of  brass,  the  whole  now 

weighs  „  .183-7 

Immersed  in  water,  the  system  weighs       .       .  38-8 


Weight  of  water  equal  in  bulk  to  brass  and  wax  144-9  „ 

Weight  of  brass  in  air   50-0  „ 

Weight  of  brass  in  water   44-4  „ 

Weight  of  equal  bulk  of  water   .       .       .       .  5-6  „ 

Bulk  of  water  equal  to  wax  and  brass        .       .  144-9  „ 

Bulk  of  water  equal  to  brass  alone     .       .       .  5 -6  „ 


Bidk  of  water  equal  to  wax  alone      .       .       .  139-3 


2937 
113-6 


=  2 -5  9,  the  specific  gravity  required. 


133-7 


=  0-9598 


139-3 


In  all  such  experiments,  it  is  necessary  to  pay  attention  to  the 
temperature  and  purity  of  the  water,  and  to  remove  with  great 
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care  all  adhering  air-bubbles  ;*  otherwise  a  false  result  will  be 
obtained. 

Other  cases  require  mention  in  which  these  operations  must  be 
modi  tied  to  meet  particular  difficulties.  One  of  these  happens 
when  the  substance  is  dissolved  or  acted  upon  by  water.  The 
difficulty  is  easily  overcome  by  substituting  some  other  liquid  of 
known  density  "which  experience  shows  is  without  action.  Alco- 
hol or  oil  of  turpentine  may  generally  be  used  when  water  is 
inadmissible.  Suppose,  for  instance,  the  specific  gravity  of  crys- 
tallised sugar  is  required,  we  proceed  in  the  following  way  : — The 
specific  gravity  of  the  oil  of  turpentine  is  first  carefully  determined  ; 
let  it  be  0-87  ;  the  sugar  is  next  weighed  in  the  air,  then  suspended 
by  a  horsehair,  and  weighed  in  the  oil ;  the  difference  is  the 
weight  of  an  equal  bulk  of  the  latter  ;  a  simple  calculation  gives 
the  weight  of  a  corresponding  volume  of  water  : — 

Weight  of  sugar  in  air  ....  400  grains. 
"Weight  of  sugar  in  oil  of  tiirpentine  .       .    182"5  „ 


Weight  of  equal  bulk  of  oil  of  turpentine    217*5  „ 
87  :  100  =  217-5  :  250, 

the  weight  of  an  equal  bulk  of  water  :  hence  the  specific  gravity 
of  the  sugar, — 

400 

250  =  1-6" 

If  the  substance  to  be  examined  consists  of  small  pieces,  or  of 
powder,  the  method  first  described,  namely,  that  of  the  specific 
gravity  bottle,  can  alone  be  used. 

By  this  method  the  specific  gravities  of  metals  in  powder,  me- 
tallic oxides,  and  other  compounds,  and  salts  of  all  descriptions, 
may  be  determined  with  great  ease.  Oil  of  turpentine  may  be 
used  with  most  soluble  salts.  The  crystals  should  be  crushed  or 
roughly  powdered  to  avoid  errors  arising  from  cavities  in  their 
substance. 

The  specific  gravity  of  a  solid  can  also  be  readily  found  by  im- 
mersing it  in  a  transparent  liquid,  the  density  of  which  has' been 
Bo  adjusted  that  the  solid  body  remains  indifferently  at  whatever 
depth  it  may  be  placed.  The  specific  gravity  of  the  liquid  must 
now  be  determined,  and  it  will,  of  course,  be  the  same  as  that  of 
the  solid,  tt  is  necessary  that  the  liquid  chosen  for  this  experi- 
ment do  not  dissolve  or  in  any  way  act  upon  the  solid.  Solutions 
of  mercuric  nitrate,  or  corrosive  sublimate,  can  be  used  for  bodies 

*  A  simple  plan  of  avoiding  altogether  the  adhesion  of  air-bubles,  which 
often  are  not  easily  perceived,  consists  in  heating  the  water  to  ebullition, 
introducing  the  body  which  has  been  weighed  in  the  air  into  the  still  boil- 
ing water,  which  is  then  allowed  to  cool  to  15"5°,  when  the  second  weighing 
is  performed. 
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Fig.  7. 


heavier  than  water,  whilst  certain  oils,  and  essences,  and  mixtures 
of  alcohol  and  water,  can  be  conveniently  employed  for  such  sub- 
stances as  have  a  lower  specific  gravity  than  water.  This  method 
is  not  only  adapted  to  the  exact  determination  of  specific  gravities, 
"but  also  serves  in  many  cases  as  a  means  of  readily  distinguishing 
substances  much  resembling  one  another.  Suppose,  for  instance, 
a  solution  of  mercuric  nitrate  to  have  a  specific  gravity  3  ;  a  red 
amethyst  (2-67)  will  then  float  upon,  and  a  topaz  of  the  same 
colour  (3-55)  will  sink  in  this  liquid. 

The  theorem  of  Archimedes  affords  the  key  to  the  general 
doctrine  of  the  equilibrium  of  floating  bodies,  of  which  an  apphca- 
tion  is  made  in  the  common  hydrometer— an  instrument  for  finding 
the  specific  gravities  of  liquids  in  a  very  easy  and  expedit  ious  manner. 
When  a  solid  body  is  placed  upon  the  surface  of  a  liquid  speci- 
fically heavier  than  itself,  it  sinks  down  until  it  dis- 
places a  quantity  of  liquid  equal  to  its  own  weight,  at 
which  point  it  floats.    Thus,  in  the  case  of  a  substance 
floating  in  water,  whose  specific  weight  is  one-half  that 
of  the  liquid,  the  position  of  equilibrium  will  involve 
the  immersion  of  exactly  one-half  of  the  body,  inas- 
much as  its  whole  weight  is  counterpoised  by  a  quan- 
tity of  water  equal  to  half  its  volume.    If  the  same 
body  were  put  into  a  liquid  of  one-half  the  specific 
gravity  of  water,  if  such  could  be  found,  it  would  then 
sink  beneath  the  surface,  and  remain  indifferently  in  any  part.  A 
floatino-  body  of  known  specific  gravity  may  thus  be  used  as  an 
indicator  of  the  specific  gravity  of  a  liquid.    In  this  manner  little 
glass  beads  (fig.  7)  of  known  specific  gravities 
are  sometimes  employed  in  the  arts  to  ascer- 
tain in  a  rude  maimer  the  specific  gravity  of 
liquids ;  the  one  that  floats  indifferently  be- 
neath the  surface,  without  either  sinking  or 
rising,  has  of  course  the  same  specific  gravity 
as  the  hquid  itself;  this  is  pointed  out  by  the 
number  marked  upon  the  bead. 

The  hydrometer  (fig.  8)  in  general  use  con- 
sists of  a  floating  vessel  of  thin  metal  or  glass, 
having  a  weight  beneath  to  maintain  it  in  an 
upright  position,  and  a  stem  above  bearing  a 
divided  scale.  The  use  of  the  instrument  is 
very  simple.  The  liquid  to  be  tried  is  put 
into  a  small  narrow  jar,  and  the  instrument 
floated  in  it.  It  is  obvious  that  the  denser 
the  liquid,  the  higher  will  the  hydrometer 
^  Hoat,  because  a  smaller  displacement  of  liquid 

**£==^  will  counterbalance  its  weight.  For  the  same 
reason,  in  a  liquid  of  less  density,  it  sinks 
deeper     The  hydrometer  comes  to  rest  almost  immediately. 


Fig.  8. 
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and  then  the  mark  on  the  stem  at  the  fluid-level  mav  be  read 
off._ 

Very  extensive  use  is  made  of  instruments  of  this  land  in  the 
arts :  they  sometimes  bear  different  names,  according  to  the  kind 
of  liquid  for  which  they  are  intended ;  but  the  principle  is  the 
same  in  all.  The  graduation  is  very  commoidy  arbitrary,  two  or 
three  different  scales  being  unfortunately  used.  These  may  be 
sometimes  reduced,  however,  to  the  true  numbers  expressing  the 
specific  gravity  by  the  aid  of  tables  of  comparison  drawn  up  for 
the  purpose.  (See  Appendix.)  Tables  are  likewise  used  to  reduce 
the  readings  of  the  hydrometer  at  any  temperature  to  those  of  the 
normal  temperature. 

It  is  much  better,  however,  to  use  a  hydrometer  having  the  true 
scale  of  specific  gravities  marked  upon  its  stem.  To  graduate  such 
an  instrument,  a  sufficient  number  of  standard  points  may  be 
determined  by  immersing  it  in  liquids  of  known  specific  gravity, 
and  the  small  intervals  between  these  points  divided  into  equal 
parts.* 

The  determination  of  the  specific  gravity  of  gases  and  vapours  of 
volatile  liquids  is  a  problem  of  very  great  practical  importance  to 
the  chemist :  the  theory  of  the  operation  is  as  simple  as  when 
liquids  themselves  are  concerned,  but  the  processes  are  much  more 
delicate,  and  involve  besides  certain  corrections  for  differences  of 
temperature  and  pressure,  founded  on  principles  yet  to  be  dis- 
cussed. It  will  be  proper  to  defer  the  consideration  of  these 
matters  for  the  present. 

*  For  an  accurate  method  of  dividing  the  hydrometer  scale  when  only  a 
few  points  are  determined  by  actual  observation,  see  the  article  "Hydro- 
meter," by  Professor  Jevons,  in  Watts's  Dictionary  of  Chemistry,  vol.  iii., 
p.  206. 
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OF  THE  PHYSICAL  CONSTITUTION  OF  THE  ATMOSPHERE, 
AND  OF  GASES  IN  GENERAL. 

It  requires  some  little  abstraction  of  mind  to  realise  completely 
the  cStion  in  which  all  tilings  at  the  surface  of  the  earth  east. 
We  bottom  of  an  immense  ocean  of  gaseous  natter 

wide  envelopes  everything,  and  presses  upon  eTerythrng mth  a 
force  which  appears,  at  first  sight  perfectly  mcrechhle,  but  whose 
actual  amount  admits  of  easy  proof. 

ftravitv  beine,  so  far  as  is  known,  common  to  all  matter  it  is 
natoafto  3  that  gases,  being  material  substances,  should  be 
acted  upon  by  the  earth's  attraction,  as  well  as  solids  and  bqmds 
S  i  Sly  the  case,  and  the  result  is  the  weight  or  pressure  of 
the  atmosphere,  which  is  nothing  more  than  the  eflect  of  the 
attraction  of  the  earth  on  the  particles  of  an-.  qtmosl3heric 

Before  describing  the  leading  phenomena  of  the  at  mo  spheric 
raessure  it  is  necessary  to  notice  one  very  remarkable  leatuie 111 
physkal  constitution  of  gases,  upon  which  depends  the  prm- 

d^stetirPhigheBt  degree  elastic;  the  volume  ox  space 
which  a  as  Occupies  lepends  upon  the  pressure  exerted  upon  it. 
wlncn  a  &as  occui         L   ^  ^  a  ^huder,  a, 

Fig.  9.  closed  at  the  bottom,  in  which  moves 

a  piston  air-tight,  so  that  no  fur  can 
escape  between  the  piston  and  the 
cylinder.    Suppose  now  the  piston  be 
pressed  downwards  with  a  certain 
force ;  the  air  beneath  it  will  be  com- 
pressed into  a  smaller  bulk,  the  amount 
of  this  compression  dependnig  on  the 
force  applied  ;  if  the  power  be  suffi- 
cient, the  bulk  of  the  gas  may  be  thus 
diminished  to  one  hundredth  part  or 
less    When  the  pressure  is  removed, 
the  elasticity  or  tendon,  as  it  is  called, 
of  the  included  air  or  gas,  will  imme- 
diately force  up  the  piston  untd  it 
arrives  at  its  first  position. 

Again,  lake  fig.  9,  b,  and  suppose  the 
piston  to  stand  about  the  middle  of 
the  cylinder,  having  air  beneath  in  its  usual  state.  If  the  piston 
W  now  drawn  upwards,  the  air  below  will  expand  so  as  to  fill 
conSely  S  Increased  space,  and  this  to  an  apparently  mdumted 
exte  t  A  volume  of  air  which,  under  ordmaxy  circumstoices 
oc  upies  the  bulk  of  a  cubic  inch,  might,  by  the  removal  of  the 
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pressure  upon  it,  be  made  to  expand  to  the  capacity  of  a  whole 
room,  while  a  renewal  of  the  former  pressure  would  be  attended 
by  a  shrinking  down  of  the  ah'  to  its  former  bulk.  The  smallest 
portion  of  gas  introduced  into  a  large  exhausted  vessel  becomes  at 
once  diffused  through  the  whole  space,  an  equal  quantity  being- 
present  in  every  part ;  the  vessel  is  full  although  the  gas  is  in  a 
state  of  extreme  tenuity.  This  power  of  expansion  which  air  pos- 
sesses may  have,  and  probably  has,  in  reality,  a  limit ;  but  the 
limit  is  never  reached  in  practice.  We  are  quite  safe  in  the 
assumption,  that  for  all  purposes  of  experiment,  however  refined, 
air  is  perfectly  elastic. 

It  is  usual  to  assign  a  reason  for  this  indefinite  expansibility  by 
ascribing  to  the  particles  of  material  bodies,  when  in  a  gaseous 

n 

Fig.  10. 


state,  a  self-repulsive  agency.  This  statement  is  commonly  made 
somewhat  in  this  manner:  matter  is  under  the  influence  of  two 
opposite  forces,  one  of  which  tends  to  draw  the  particles  together, 
the  other  to  separate  them.  By  the  preponderance  of  one  or 
other  of  these  forces,  we  have  the  three  states  called  solid,  liquid, 
and  gaseous.  When  the  particles  of  matter,  in  consequence  of 
the  direction  and  strength  of  their  mutual  attractions,  possess  only 
a  very  slight  power  of  motion,  a  solid  substance  results  ;  when 
the  forces  are  nearly  balanced,  we  have  a  liquid,  the  particles  of 
which  in  the  interior  of  the  mass  are  free  to  move,  but  yet  to  a 
certain  extent  are  held  together;  and,  lastly,  when  the  attractive 
power  seems  to  be  completely  overcome  by  its  antagonist,  we  have 
a  fjas  or  vapour. 

Various  names  are  applied  to  these  forces,  and  various  ideas 
entertained  concerning  them  :  the  attractive  forces  boar  the  name 
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of  cohesion  when  they  are  exerted  between  particles  of  matter 
separated  by  an  immeasurably  small  interval,  and  gravita ion 
when  the  distance  is  great  The  repulsive  principle  is  often 
thought  to  be  identical  with  the  principle  of  heat  We  shall 
return  to  this  subject  in  discussing  the  dynamical  theory  of 

h6The  ordinary  air-pump,  shown  in  section  in  fig  10  consists 
essentially  of  a  metallic  cylinder,  m  which  moves  a  tightly  fatting 
Son,  by  the  aid  of  its  rod.  The  bottom  of  the  cylinder  com- 
municated with  the  vessel  to  be  exhausted,  and  is  furnished  with 
a  valve  opening  upwards.  A  similar  valve,  also  opening  upv.  ards 
is  fitted  to  the  piston-:  these  valves  are  made  with  slips  of  oiled 
1      When  the  piston  is  raised  from  the  bottom  of  the  cylinder, 


the  space  left  beneath  it  must  be  void  of  an-  since  the  piston- 
valve  opens  only  in  one  direction  ;  the  an-  within  the  receiver 
having  on  that  side  nothing  to  oppose  its  elastic  power  but  the 
weight  of  the  little  valve,  lifts  the  latter,  and  escapes  into  the 
cylinder.  So  soon  as  the  piston  begins  to  descend  the  lower  valve 
closes,  by  its  own  weight,  or  by  the  transmitted  pressure  from 
above  and  communicator;  with  the  receiver  is  cut  off.  As  the 
descent  of  the  piston  continues,  the  air  enclosed  m  the  cylmde 
becomes  compressed,  its  elasticity  is  increased,  and  at  length  t 
forces  open  the  upper  valve,  and  escapes  into  the  atmosphere.  _  In 
this  manner  a  cylinder  full  of  air  is  removed  from  the  receiver 
a7ev™ttoke  A  the  pump.    During  the  descent  of  the  piston,  the 
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Fig.  12. 


upper  valve  remains  open,  and  the  lower  closed,  and  the  reverse 
during  the  opposite  movement. 

In  practice,  it  is  very  convenient  to  have  two  such  barrels  or 
cylinders,  arranged  side  by  side,  the  piston-rods  of  which  are 
formed  into  racks,  having  a  pinion  or  small-toothed  wheel  between 
them,  moved  by  a  winch.  By  this  contrivance  the  operation  of 
exhaustion  is  much  facilitated,  and  the  labour  lessened.  The 
arrangement  is  shown  in  fig.  11,  on  the  preceding  page. 

To  return  to  the  atmosphere.  Air  possesses  weight ;  a  light 
flask  or  globe  of  glass,  furnished  with  a  stop-cock  and  exhausted 
by  the  air-pump,  weighs  considerably  less  than  when  full  of  air. 
If  the  capacity  of  the  vessel  be  equal  to  100  cubic 
inches,  this  difference  may  amount  to  nearly  30  grains. 

After  what  has  been  said  on  the  subject  of  fluid  pres- 
sure, it  will  scarcely  be  necessary  to  observe  that  the 
law  of  equality  of  pressure  in  all  directions  also  holds 
good  m  the  case  of  the  atmosphere.  The  perfect  mobi- 
lity of  the  particles  of  air  permits  the  transmission  of 
the  force  generated  by  their  gravity.  The  sides  and 
bottom  of  an  exhausted  vessel  are  pressed  upon  with 
as  much  force  as  the  top. 

If  a  glass  tube  of  considerable  length  coidd  be  per- 
fectly exhausted  of  air,  and  then  held  in  an  upright 
position,  with  one  of  its  ends  dipping  into  a  vessel  of 
liquid,  the  latter,  on  being  allowed  access  to  the  tube, 
woidd  rise  in  its  interior  until  the  weight  of  the 
column  balanced  the  pressure  of  the  air  upon  the 
surface  of  the  liquid.  Now,  if  the  density  of  this 
liquid  were  known,  and  the  height  and  area  of  the 
column  measured,  means  would  be  furnished  for  exactly 
estimating  the  amount  of  pressure  exerted  by  the  atmo- 
sphere. Such  an  instrument  is  the  barometer.  To 
construct  it,  a  straight  glass  tube,  36  inches  long,  is 
galed  by  the  blowpipe  flame  at  one  end  ;  it  is  then  filled 
with  clean,  dry  mercury,  care  being  taken  to  displace  all 
Er-bubbles,  the  open  end  stopped  with  a  finger,  and  the 
tube  inverted  in  a  basin  of  mercury.  On  removing  the 
linger,  the  mercury  falls  awav  from  the  top  of  the  tube 
until  it  stands  at  the  height  of  about  30  inches  above  the 
level  o  that  in  the  basin.  Here  it  remains  supported 
W,  and  balancing  the  atmospheric  pressure,  the  space 
aDove  the  mercury  in  the  tube  being  of  necessity  empty. 

II"'  pressure  of  the  atmosphere  is  thus  seen  to  lie 
Waole  of  sustaining  a  column  of  mercury  30  inches  in 
aeignt,  or  thereabouts.  Now  such  a  column,  having  an 
me,  oi  1  mch,  weighs  between  14  and  15  lbs.  ;  conse- 
quently such  must  he  the  amount  of  the  pressure  exerted  upon 
every  square  inch  of  the  surface  of  the  earth,  and  of  the  objects 
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situated  thereon,  at  least  near  the  level  of  JJf  "V™^ 
rnnns  force  is  home  without  inconvenience  hy  the  annual  name, 
rnous  foice  ^reason  ofit s  perfect  uirifornntym  everyjbxec- 
tion  ;  and  it  may  he  douhled,  or  even  tripled, 
without  injury.  . 

A  harometer  may  he  constructed  with  other 
liquids  hesides  mercury ;  hut,  as  the  height  of  the 
column  must  always  hear  an  inverse 
to  the  density  of  the  liquid,  the  length  of  tube 
required  will  be  often  considerable  ;  in  the  case 
of  water  it  will  exceed  33  feet.  It  is  seldom 
that  any  other  liquid  than  mercury  is  employed 
in  the  construction  of  this  instrument.  Ine 
Eoyal  Society  of  London  possessed  a  water  ba- 
rometer at  theh  apartments  at  Somerset  House. 
Its  construction  was  attended  with  great  diffi- 
culties, and  it  was  found  impossible  to  keep  it 

mitPwili  now  be  necessary  to  consider  a  most 
important  law  which  connects  the  volume  occu- 
pied by  a  gas  with  the  pressure  made  upon  it, 
and  is  thus  expressed : — 

The  volume  of  gas  is  inversely  as  the  pressure , 
the  density  and  elastic  force  are  directly  as 
the  pressure,  and  inversely  as  the  volume. 
For  instance,  100  cubic  inches  of  gas  under 
a  pressure  of  30  inches  of  mercury  would  ex- 
mad  to  200  cubic  inches  were  the  pressure  re- 
duced to  one-half,  and  shrink,  on  the  contrary, 
to  50  cubic  inches  if  the  original  pressure  were 
doubled.    The  change  of  density  must  neces- 
sarily be  in  the  inverse  proportion  to  that  ot 
tiTe  volume,  and  the  elastic  force  follows  the 

SThSfwhich  is  usually  called  the  law  of  Ma- 
riotte  though  really  discovered  by  Boyle  (1661) 
S  easily  demonstrable  by  direct  experiment.  A 
Saaa  tube,  about  7  feet  long,  is  closed  at  one 
fnd,  and  bent  into  the  form  represented  m 
fig.  13,  the  open  liinb  of  the  syphon  being  he 
longer  It  is  next  attached  to  a  board  fm- 
Sed  with  a  moveable  scale  ^f  niches  and 

enclosed  air  is  reduced  to  one-hdf .of VrtB   mm  the'mercury 
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that  in  the  closed  portion.  The  pressure  of  an  additional  "  atmo- 
sphere" has  consequently  reduced  the  bulk  of  the  contained  air 
to  one-half.  If  the  experiment  he  still  continued  until  the 
volume  of  air  is  reduced  to  a  third,  it  will  be  found  that  the 
column  measures  60  inches,  and  so  in  like  proportion  as  far  as  the 
experiment  is  carried. 

The  above  instrument  is  better  adapted  for  illustration  of  the 
principle  than  for  furnishing  rigorous  proof  of  the  law.  This 
has,  however,  been  done.  MM.  Arago  and  Dulong  published,  in 
i  the  year  1830.  an  account  of  certain  experiments  made  by  them 
in  Paris,  in  which  the  law  in  question  had  been  verified  to  the 
extent  of  twenty-seven  atmospheres.    With  rarefied  air  also,  of 

■  whatever  degree  of  rarefaction,  the  law  has  been  found  true. 

All  gases  are  alike  subject  to  this  law,  and  all  vapours  of 
volatile  liquids,  when  remote  from  their  points  of  liquefaction* 
It  is  a  matter  of  the  greatest  importance  in  practical  chemistry, 

■  since  it  gives  the  means  of  making  corrections  for  pressure,  or 
determining  by  calculation  the  change  of  volume  which  a  gas 
would  suffer  by  any  given  change  of  external  pressure. 

Let  it  be  required,  for  example,  to  solve  the  following  problem  • 
We  have  100  cubic  inches  of  gas  in  a  graduated  jar,  the  barometer 
standing  at  29  inches;  how  many  cubic  inches  will  it  occupy 
when  the  column  rises  to  30  inches  1  Now  the  volume  must  be 
inversely  as  the  pressure :  consequently  a  change  of  pressure  in 
the  proportion  of  29  to  30  must  be  accompanied  by  a  change  of 
volume  in  the  proportion  of  30  to  29,  the  30  cubic  inches  of  gas 
contracting  to  29  cubic  inches  under  the  conditions  imagined 
Hence  the  answer — 

30  :  29  =  100  :  96-67  cubic  inches. 

The  reverse  of  the  operation  will  be  obvious.  The  pupil  will  do 
■well  to  iamdianse  himself  with  the  simple  calculations  of  correc- 
tion lor  pressure. 

,i;l  Nef  the  li(]llefying  Point  the  law  no  longer  holds  •  the  volume 
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It  will  be  convert  to  consider  the  rtjeet  of  tot  under  seve- 

altering  their  dimeiisions. 

2.  Conduction,  or  transmission  of  heat. 

3.  Specific  heat. 

4.  Change  of  state. 

5.  Sources  of  heat. 

6.  Dynamical  theory  of  heat. 

EXPANSION. 

It  a  to  of  metal  of  e«eh 
J&&*.  to  wfte,  or  exposed 

Fig.  16. 


Fig.  14. 


Fig.  15. 
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"iSSS  general  of  all  the  effects  of  heat  furnishes  in  the  outset 
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a  principle,  by  the  aid  of  which  an  instrument  can  be  constructed 
capable  of  taking  cognizance  of  changes  of  temperature  in  a  man 
iter  equally  accurate  and  convenient:  such  an  instrument  is  the 
thermometer. 

A  capillary  glass  tube  is  chosen,  of  uniform  diameter :  one  ex- 
tremity is  closed  and  expanded  into  a  bulb,  by  the  aid  of  the 
blowpipe  flame,  and  the  other  somewhat  drawn  out,  and  left  open 
the  bulb  is  now  cautiously  heated  by  a  spirit-lamp,  and  the  open 
extremity  plunged  into  a  vessel  of  mercury,  a  portion  of  which 
rises  into  the  bulb  when  the  latter  cools,  replacing  the  air  which 
had  been  expanded  and  driven  out  by  the  heat.  By  again  apply- 
ing the  flame  and  causing  this  mercury  to  boil,  the  remainder  of 
the  air  is  easily  expelled,  and  the  whole  space  filled  with  mercu- 
rial vapour  The  open  end  of  the  tube  must  now  be  immediatelv 
plunged  into  the  vessel  filled  with  mercury.  As  the  metallic  vapours 
condense,  the  pressure  of  the  external  air  forces  the  liquid  metal 
into  the  mstrmnent,  until  finally  the  tube  is  completely  filled  with 
mercury.  The  theimometer  thus  filled  is  now  to  be  heated  imS 
so  much  mercury  has  been  driven  out  by  the  expansion  of  the 
remainder  that  its  level  in  the  tube  shall  stand  at  common  tern! 
peratures  at  the  point  required.    This  being  satisfactorily  adjusted, 

ft^CrW^  the  co1^  rises  quiteJto  tie 
top ,  and  then  the  extremity  of  the  tube  is 

hermetically  sealed  by  the  blowpipe.  The 

retraction  of  the  mercury  on  cooling  now 

leaves  an  empty  space,  which  is  essential 

to  the  perfection  of  the  instrument. 

The  thermometer  has  yet  to  be  gradu- 
ated; and  to  make  its  indications  com- 
parable with  those  of  other  instruments, 
a  scale,  having  at  the  least  two  fixed 
points,  must  be  adapted  to  it. 

It  has  been  observed,  that  the  tempe- 
rature of  melting  ice,  that  is  to  say,  of  a 
mixture  of  ice  and  water,  is  always  con- 
stant ;  a  thermometer,  already  graduated, 
punged  into  such  a  mixture,  always  marks 
We  same  degree  of  temperature,  and  a 
Simple  tube  filled  in  the  manner  described 
ma  so  treated,  exhibits  the  same  effect  in 
the  unchanged  height  of  the  little  mercu- 
ry column,  when  tried  from  day  to  day 
lAe  freezing  point  of  water,  or  melting 
point  of  ice,  constitutes  then  one  of  the 
^variable  temperatures  demanded. 

accmatelv  in  £  '?  &S  boil^i'"i"<  of  water,  or,  more 

wh(       J'      ''"'•'".'l-'Htur,  oi  steam  whu.h  nVs  ,-,„„ 

•       OTdei  t0  Pvb  this  temperature,  which  remains  perfectly^ 
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constant  whilst  tie  ^ff^^^t^^- 
of  the  at  30  inchesg(fig.  17). 

onieter  is  unchanged.  marlced  with  a  file  at  these  two 

The  tuhe  having  been  ca refully  ma  ^  ™  fMs  Won 
points,  it  remains  to  Me  ^^J^  employed  is 
is  entire  y  arbitrary    The  sea en o  ^         ^  {hQ 

the  centigrade  m  ^™J2g££k  of  water.  The  scale  is  eap. 
^ja?Sttw^esepU  numbers  below  0  benrg  cbs- 
tingnished  by  the  W^ve  srgm  Tenlieit  is  sti]1  ^  use :  the  above- 

which  corresponds  to  60  C. 

10o0C.  =  180°F.,or50  C.  =  9°  E. 

Consequently,  5.9  =  60:108.  I 

P,nt  then  as  Fahrenheit's  scale  commences  with  32° instead  of  <J, 

feSn'K^^Sa  -  of  one 
Je  to  those  of  ano&r  ecale,  is  effected  in  the  same  way.  B  or 
Smple,  to  convert  -  15°  C.  into  degrees  of  Fahrenhed- 

Wehave-loX  |  +  32  -  -  27 +32  - +<S,F. 

In  this  work  temperatures  will  always  he  given  in  centigrade 
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of  its  regularity  of  expansion  within  certain  limits,  and  because  it 
is  easy  to  have  the  scale  of  great  extent,  from  the  large  interval 
between  the  freezing  and  boiling  points  of  the  metal.  Other  sub- 
stances are  sometimes  used  ;  alcohol  is  employed  for  estimatino- 
very  low  temperatures,  because  this  liqiud  has  not  been  frozen  even 
at  the  lowest  degree  of  cold  which  has  been  artificially  produced. 

Air-thermometers  are  also  used  for  some  few  particular  pur- 
poses ;  indeed,  the  first  thermometer  ever  made  was  of  this  kind. 
There  are  two  modifications  of  this  instrument :  in  the  first,  the 
liquid  into  which  the  tube  dips  is  open  to  the  air;  and  in  the 
second,  shown  in  fig.  18,  the  atmosphere  is  completely  excluded. 
The  effects  of  expansion  are  in  the  one  case  complicated  with  those 
arising  from  changes  of  pressure,  and  in  the  other  they  cease  to 
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be  visible  at  all  when  the  ufoole  instrument  is  subjected  to  altera- 
tions of  temperature,  because  the  air  in  the  upper  and  lower 
reservoir,  being  equally  affected  by  such  changes,  no  alteration  in 
the  height  of  the  fluid  column  can  occur.  Accordingly,  such 
instruments  are  called  differential  thermometers,  since  they  serve 
to  measure  differences  of  temperature  between  the  two  portions  of 
air,  while  changes  affecting  both  alike  are  not  indicated.  Fig.  19 
shows  another  form  of  the  same  instrument. 

The  air-thermometer  may  be  employed  for  measuring  all  tem- 
peratures from  the  lowest  to  the  highest ;  M.  Pouillet  has  described 
one  by  which  the  heat  of  an  air-furnace  coidd  be  measured.  The 
reservoir  of  this  instalment  is  of  platinum,  and  it  is  connected 
With  a  piece  of  apparatus  by  which  the  increase  of  volume  experi- 
enced by  the  included  air  is  determined. 

An  excellent  air-thermometer  has  been  constructed  and  used  by 
Rudberg,  and  more  recently  by  Magnus  and  Regnault,  for  measur- 
ing the  expansion  of  the  air.'     Its  construction  depends  on  the 
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law,  that  when  air  is  heated  and  hindered  from  expanding,  its 
tension  increases  in  the  same  proportion  m  which  it  would  have 
increased  in  volume  if  permitted  to  expand. 

All  bodies  are  enlarged  by  the  application  of  heat,  and  reduced 
by  its  abstraction ;  or,  in  other  words,  contract  on  being  artificially 
cooled:  this  effect  takes  place  to  a  comparatively  small  extent 
with  solids,  to  a  larger  amount  in  liquids,  and  most  oi  ail  in  tne 

case  of  gases.  .  ,   4fo„if . 

Each  solid  and  liquid  has  a  rate  of  expansion  peculiar  to  itseil , 
gases,  on  the  contrary,  expand  nearly  alike  for  the  same  increase 

0i  Expansion  of  Solids.-The  actual  amount  of  expansion  which 
different  solids  undergo  by  the  same  increase  of  heat  has  been  care- 
fully investigated.  The  following  are  some  of  the  results  oi  the 
best  investigations,  more  particularly  those  of  Lavoisier  and  La- 
place. The  fraction  indicates  the  amount  of  expansion  m  length 
suffered  by  rods  of  the  undermentioned  bodies  in  passing  from  U 
to  100°  :— 


Fir-wood,*  . 
English  flint  glass, 
Platimim, 

Common  white  glass, 
Common  white  glass, 
Glass  without  lead, 
Another  specimen, 
Steel  unternpered, 


?T5T 

1 

T1TTS" 
TTTT 

TTTT 


TTT! 


1  i)  a  u 
1 

TT2T 


Tempered  steel. 
Soft  iron, 
Gold, 
Copper, 
Brass, 
Silver, 
Lead, 
Zinc, 


~5TTT 

sitr 
1 

1 

5~?T 
1 


From  the  linear  expansion,  the  cubic  expansion  (or  measure  of 
volume)  may  be  calculated.  When  the  expansion  of  a  body  in 
different  directions  is  equal,  as,  for  example,  m  glass,  hammered 
metals,  and  generally  in  most  uncrystallised  substances,  it  win  De 
sufficient  to  triple  the  fraction  expressing  the  increase  in  one 
dimension.  This  rule  does  not  hold  true  for  crystals  belonging  to 
irregular  systems,  for  they  expand  unequally  in  the  direction  ot 
the  different  axes.  . 

Metals  appear  to  expand  pretty  uniformly  for  equal  increments 
of  heat  within  the  limits  stated  ;  but  above  the  boibng  point  ot 
water  the  rate  of  expansion  becomes  irregular  and  more  rapid. 

The  force  exerted  in  the  act  of  expansion  is  very  great  In  la\  - 
ins  down  railways,  building  iron  bridges,  erecting  long  ranges  ol 
steam-pines,  and  in  executing  all  works  of  the  land  m  wnicn 
metal  is  largely  used,  it  is  indispensable  to  make  provision  tor 
these  changes  of  dimensions. 

In  consequence  of  glass  and  platinum  having  nearly  t  ie  same 
flmotmt  of  expansion,  a  thin  platinum  wire  may  be  fused  into  a 
Sss  tube,  without  any  fear  that  (he  glass  will  break  on  cooling. 
A  verv  useful  application  of  expansion  by  heat  is  that  ot  Hie 

*  In  tbe  direction  of  the  vessels. 
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cutting  of  glass  by  a  hot  iron  ;  this  is  constantly  practised  in  the 
laboratory  for  a  great  variety  of  purposes.  The  glass  to  be  cut  is 
marked  with  ink  in  the  required  direction,  and  then  a  crack,  com- 
menced by  any  convenient  method,  at  some  distance  from  the 
desired  line  of  fracture,  may  be  led  by  the  point  of  a  heated  iron 
rod  along  the  latter  with  the  greatest  precision. 

Expansion  of  Liquids. — The  dilatation  of  a  liquid  may  be  deter- 
mined by  filling  a  thermometer  with  it,  in  which  the  relation 
between  the  capacity  of  the  ball  and  that  of  the  stem  is  exactly 
known,  and  observing  the  height  of  the  column  at  different 
temperatures.  It  is  necessary  in  this  experiment  to  take  into 
account  the  effects  of  the  expansion  of  the  glass  itself,  the  observed 
result  being  evidently  the  difference  of  the  two. 

Liquids  vary  exceedingly  in  this  particular.  The  following 
table  is  taken  from  Peclet's  "Elements  de  Physique:" — 

Apparent  Dilatation  in  Glass  between  0°  and  100°. 


Water,      .  . 
Hydrochloric  acid,  sp.  gr.  1-137, 
Nitric  acid,  sp.  gr.  1  -4, 
Sulphuric  acid,  sp.  gr.  1'85, 

Ether,  

Olive  oil,   .       .  . 

Alcohol,  ..... 

Mercury,  ..... 


"ST 

1 

V 

1 
If 

1 
TT 

1 
ITT 


TFT 


Most  of  these  numbers  must  be  taken  as  representing  mean 
results ;  for  there  are  few  liquids  which,  like  mercury,  expand 
regularly  between  these  temperatures.  Even  mercury  above  100° 
shows  an  unequal  and  increasing  expansion,  if  the  temperature 
indicated  by  the  air-thermometer  be  used  for  comparison.  This 
is  shown  by  the  following  abstract  of  a  table  given  by  Keg- 
naidt : — 


Reading  of  Air 
Thermometer. 

0° 
100° 
200° 
300° 
350° 


Reading  of  Mercurial 
Thermometer. 

0° 
100° 
200" 
301° 
354° 


Temperature  deduced  from 
the  Absolute  Expansion 
of  Mercury. 
0° 
100° 
202-78° 
308-34° 
362-16" 


The  absolute  amount  of  expansion  of  mercury  is,  for  many 
reasons,  a  point  of  great  importance  ;  it  has  been  very  carefully 
determined  by  a  method  independent  of  the  expansion  of  the  con- 
taining vessel.  The  apparatus  employed  for  Ibis  purpose,  first  by 
MM.  Dulong  and  Petit,  and  later  by  Regnault,  is  shown  in  fig-  20, 
divested,  however,  of  many  of  its  subordinate  parts.  It  consists 
of  two  upright  glass  tubes,  connected  at  their  bases  by  a  horizontal 
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tube  of  much  smaller  dimensions.    Since  a  ^ 
exists  between  the  two  tubes,  mercury  poured  into  the  one  mil 
Sfto  he  same  level  in  the  other,  provided  its  tempemtiire  * ^ 
same  in  both  tubes  ;  when  this  is  not  the  case,  the  hotter ^ccAumn 
will  be  the  taller,  because  the  expansion  of  the  metal  &™hes 
Is  specific  gravity,  and  the  law  of  hydrostatic  equilibrium  requires 
Sat E  heioht  of  such  columns  should  be  inversely  as  their  den- 
Sties B the  aid  of  the  outer  cylinders,  one  of  the  tubes  ismain- 
Sed  constantly  at  0°,  while  the  other  -  -ised  by  mean^f 
heated  water  or  oil,  to  any  required  temperature    The  P^enOi 
cular  height  of  the  columns  may  then  be  read  off  by  a  horizontal 
micrometer  telescope,  moving  on  a  vertical  divided  scale. 

SSSta  represent  vofumesof  equal  weight, because  volumes 
of  equS  weight  beir  an  inverse  proportion  to  the  densities  of  the 
HqS  so  ^at  the  amoUnt  °f  exPansl0n  admtS  °f  l3emS  VMy 


Fig.  20. 


easily  calculated.  Thus,  let  the  column  at  0°  be  6  inches  high, 
and  that  at  100°,  6-108  inches  ;  the  increase  of  height,  108  on 
6000,  or  ^  part  of  the  whole,  must  represent  the  absolute  cubi- 

^VhfrStionsof  the  mercurial  thermometer  are  inaccurate 
when  very  high  ranges  of  temperature  are  concerned,  from  tne  m- 
Treased  edibility*  of  the  metal.  The  error  thus  caused  is  how 
ever,  nearly  compensated,  for  temperatures  under  204  o  ,  by  t he 
expansion  of  the  glass  tube.  For  higher  temperatures  a  small 
correction  is  necessary,  as  the  above  table  shows. 

To  what  extent  the  expansion  of  different  liquids  may  vary  be- 
tween the  same  temperatures  is  obvious  from  a  glance ^afcte- -U, 
which  represents  the  expansion  of  mercury  (M),  water  (W),  oil  oi 
tu^entiie  (T),  and  alcohol  (A).     A  column  of  these  several 
Squalling  at  0°  the  tenfold  height  of  the  hue  0  0-1  m  the 
E  would  exhibit,  when  heated  to  a  temperature  of  10   20  , 
an  expansion  indicated  by  the  distances  at  which  the 
?™ndicular  lines  drawn  over  the  numbers  10  20,  30,  &c,  are 
nterSed  by  the  curves  belonging  to  each  of  these  liquids. 
Tl   s  it  t  sSn  that  oil  of  turpentine,  between  0°  and  100°,  ex- 
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panels  very  nearly  TV  of  its  volume,  and  that  mercury  between  the 
same  limits  of  temperature  expands  uniformly,  while  the  rate  of 
expansion  of  the  other  liquids  increases  with  the  rise  of  the  tem- 
perature. 

An  exception  to  the  regularity  of  expansion  in  liquids  exists  in 
the  case  of  water  ;  it  is  so  remarkable,  and  its  consequences  so  im- 
portant, that  it  is  necessary  to  advert  to  it  particularly. 


Fig.  21. 


°  0    10    20   30   40  50   60  70  80  90  100° 


Let  a  large  thermometer-tube  be  filled  with  water  at  the  common 
temperature  of  the  air,  and  then  artificially  cooled.  The  liquid 
will  be  observed  to  contract,  until  the  temperature  falls  to  about 
4°  C.  (39-2°  F.,  or7-2°  above  the  freezing  point).  After  this  a  further 
reduction  of  temperature  causes  expansion  instead  of  contraction 
in  the  volume  of  the  water,  and  this  expansion  continues  until  the 
liquid  arrives  at  its  point  of  congelation,  when  so  sudden  and 
violent  an  enlargement  takes  place  that  the  vessel  is  almost  invari- 
ably broken.  At  the  temperature  of  4°  water  is  at  its  maximum 
density;  increase  or  diminution  of  heat  produces  upon  it,  for  a 
short  time,  the  same  effect. 

According  to  the  latest  researches  of  Kopp,  the  point  of  greatest 
density  of  the  water  is  4-08°  C.  (39-34°  F.)  According  to  the 
determinations  of  this  physicist,  the  volume  of  water  =?  1  at  0°  C. 
changes,  when  heated,  to  the  following  volumes : — 


2°  0-99991 
4°  0-99988 
6°  0-99990 
8°  0-99999 
10°  1-00012 
12°  1-00031 
14°  1-00056 


16°  1-00085 
18°  1-00118 
20°  1-00157 
22°  1-00200 
24°  1-00247 
25°  1-00272 
30°  1-00406 


35°  1-00570 
40°  1-00753 
45°  1-00954 
50°  1-01177 
55°  1-01410 
60°  0-01659 
65°  1-01930 


70°  1-02225 

75°  1-02544 

80°  1-02858 

85°  1-03189 

90°  1-03540 

95°  1-03909 

100°  1-04299 


Sea-water  has  no  point  of  maximum  density  above  the  frezing- 
point.  The  more  it  is  cooled  the  denser  it  becomes,  until  it  solidi- 
fies at -2-6°. 

The  gradual  expansion  of  pure  water  cooled  below  4°  must  be 
carefully  distinguished  from  the  great  and  sudden  increase  of 
volume  it  exhibits  in  the  act  of  freezing,  in  which  respect  it 
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resembles  many  other  bodies  which,  expand  on  sohoifymg.  The 
force  thus  exerted  by  freezing  water  is  enormous.  _  1  hick  iron 
shells  quite  filled  with  water,  and  exposed  with  their  fuse-holes 
securely  plugged,  to  the  cold  of  a  Canadian  winter  night,  have 
been  found  split  on  the  following  morning.  The  freezing  of  water 
in  the  joints  and  crevices  of  rocks  is  a  most  potent  agent  in  their 
disintegration.  , 

Expansion  of  Gases.— The  principal  laws  relating  to  the  expan- 
sion of  gases  are  contained  hi  the  four  following  propositions:— 

1  All  ^ses  expand  nearly  alike  for  equal  increments  of  heat ; 
and  all  vapours,  when  remote  from  their  condensmg  points, 
follow  the  same  law. 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state 

of  compression,  or  elastic  force  of  the  gas  itself. 

3.  The  rate  of  expansion  is  uniform  for  all  degrees  of  heat. 

4  The  actual  amount  of  expansion  is  equal  to  shs  or or 
0-003666  of  the  volume  of  the  gas  at  0°  centigrade,  for  each 
degree  of  the  same  scale.* 

It  will  be  unnecessary  to  enter  into  any  description  of  the 
methods  of  investigation  by  which  these  results  have  been  ob- 
tained; the  advanced  student  will  find  in  Pouillefs  "Elements  cle 
Physique,"  and  in  the  papers  of  Magnus  and  Kegnault,t  ail  the 
information  he  may  require.  _ 

In  the  practical  manipulation  of  gases,  it  very  often  becomes 
necessary  to  make  a  correction  for  temperature,  or  to  discover  how 
much  the  volume  of  a  gas  would  be  increased  or  diminished  by  a 
particular  change  of  temperature ;  this  can  be  effected  with  great 
facility  Let  it  be  required,  for  example,  to  find  the  volume  which 
100  cubic  inches  of  any  gas  at  10°  would  become  on  the  tempera- 
ture rising  to  20°. 

The  rate  of  expansion  is  ^  or  ^  of  the  volume  at  0  for  each 
decree ;  or  3000  measures  at  0°  become  3011  at  1°,  3022  at  2  , 
3110  at  10°,  and  3220  at  20°.  Hence 

Mens,  at  10°.         Meas.  at  20°.  Meas.  at  10°.  Meas.  at  20°. 

3110       :       3220       =       100       :  103-537. 

If  this  calculation  is  required  to  be  made  on  the  Fahrenheit  scale, 
it  must  be  remembered  that  the  zero  of  that  scale  is  32°  below  the 
melting-point  of  ice.    Above  this  temperature  the  expansion  for 
each  degree  of  the  Fahrenheit  scale  is  ^  of  the  original  volume. 
This  and  the  correction  for  pressure,  are  operations  of  very  fre- 

*  The  fraction  tUtt  is  velT  convenient  for  calculation.  _ 

+  Potfuendorffs  Annalen,  iv.  1.— Ann.  Chim.  Phys.,  3d  series,  iv.  5,  and 

1-9  °yee  also  Watts's  Dictionary  of  Chemistry,  art.  Heat,  vol.  m.  p.  «»■ 
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quent  occurrence  in  chemical  investigations,  and.  the  student  will 
do  well  to  become  familiar  with  them. 

The  following  formula  includes  both  these  corrections : — Let  V 
and  V  be  the  volumes  of  a  gas  at  the  temperatures  t  and  t'  centi- 
grade, and  under  the  pressures  p  and  p',  measured  in  millimeters 
of  mercury :  then 

V  _  1  +  0-003666t  p[ 
V7  ~  l+0-003666i'  '  p  ' 

The  case  which  most  frequently  occurs  is  the  reduction  of  a 
measured  volume,  V,  of  a  gas  at  the  temperature  t  and  pressure  p 
to  the  volume  V0,  which  it  would  occupy  at  0°  C,  and  under  a 
pressure  of  760  mm.  In  this  case,  we  have  t'  =  0,  and  p'=160, 
therefore 

V  ,760 
^-  =  (1  +  0-0036660  .  —  » 

and  v  "V  P 

V°  ~     1  +0-00366*    '  760  ' 

If  the  barometric  pressure  is  measured  in  inches,  the  number  30 
must  be  substituted  for  760. 


Note. — Of  the  four  propositions  stated  in  the  text,  the  first  and 
second  have  recently  been  shown  to  be  true  within  certain  limits 
only ;  and  the  third,  although  in  the  highest  degree  probable, 
would  be  very  cUfficult  to  demonstrate  rigidly ;  hi  fact,  the  equal 
rate  of  expansion  of  air  is  assumed  in  all  experiments  on  other 
sulistances,  and  becomes  the  standard  by  which  the  results  are, 
measured. 

.  The  rate  of  expansion  for  the  different  gases  is  not  absolutely 
the  same,  but  the  difference  is  so  small  that  for  most  purposes  it' 
may  safely  be  neglected.  Neither  is  the  state  of  elasticity  alto- 
gether indifferent,  the  expansion  being  sensibly  greater  for  an  equal 
l  isc  of  temperature  when  the  gas  is  in  a  compressed  state. 

It  is  important  to  notice  that  the  greatest  deviations  from  the 
rule  are  exhibited  by  those  gases  which,  as  will  hereafter  be  seen, 
are  most  easily  liquefied,  such  as  carbon  dioxide,  cyanogen,  and 
sulphur  dioxide ;  and  that  the  discrepancies  become  smaller  and 
smaller  as  the  elastic,  force  is  lessened;  so  that,  if  means  existed 
for  comparing  the  different  gases  in  stales  equally  Mstant  from 
their  points  of  condensation,  there  is  reason  to  believe  thai  the  law 
Would  he  strictly  fulfilled. 

Tli.'  experiments  ol'  Dalton  ami  Gay-Lttssac  gave  for  the  rate  of 
expansion  ,\r  of  the  volume  at  0°:  this  is  no  doubt  loo  high. 
Those  of  Rudherg  give        those  of  Magnus  and  of  Regnault  Trs- 
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CONDUCTION  OF  HEAT. 

Different  bodies  possess  very  different  conducting  powers  with 
respect  to  heat:  if  two  similar  rods,  the  one  of  iron,  the  other  oi 
glass,  he  held  in  the  flame  of  a  spirit-lamp,  the  iron  will  soon 
become  too  hot  to  he  touched,  while  the  glass  may  he  grasped  witn 
impunity  within  an  inch  of  the  red-hot  portion. 

Experiments  made  hy  analogous  but  more  accurate  methods 
have  established  a  numerical  comparison  of  the  conducting  powers 
of  many  bodies.    The  following  may  be  taken  as  a  specimen  :— 

116 
85 
84 
63 
18 


Silver, 
Copper, 
Gold,  . 
Brass, 
Tin,  . 
Iron,  . 


1000 

Steel,  . 

736 

Lead,  . 

532 

Platinum, 

236 

German  silver, 

145 

Bismuth, 

119 

As  a  class  the  metals  are  by  very  far  the  best  conductors, 
although  much  difference  exists  between  them  ;  stones,  dense 
woods,  and  charcoal  follow  next  in  order ;  then  liquids  m  general, 
and  gases,  whose  conducting  power  is  almost  inappreciable. 

Under  favourable  circumstances,  nevertheless,  both  liquids  and 
gases  may  become  rapidly  heated ;  heat  applied  to  the  bottom  of 
the  containing  vessel  is  very  speedily  communicated  to  its  con- 
tents ;  this,  however,  is  not  so  much  by  conduction,  as  by  convec- 
tion, or  carrying.  A  complete  circulation  is  set  up ;  the  portions 
in  contact  with  the  bottom  of  the  vessel  get  heated,  become  lighter, 
and  rise  to  the  surface,  and  in  this  way  the  heat  becomes  com- 
municated to  the  whole.  If  these  movements  be  prevented  by 
dividing  the  vessel  into  a  great  number  of  compartments,  the 
really  low  conducting  power  of  the  substance  is  made  evident ; 
and  this  is  the  reason  why  certain  organic  fabrics,  as  wool,  silk, 
feathers,  and  porous  bodies  in  general,  the  cavities  of  which  are 
full  of  air,  exhibit  such  feeble  powers  of  conduction. 

The  circulation  of  heated  water  through  pipes  is  now  extensively 
applied  to  the  warming  of  buildings  and  conservatories ;  _  and  in 
chemical  works  a  serpentine  metal  tube  containing  hot  oil  is  often 
used  for  heating  stills  and  evaporating  pans ;  the  two  extremities 
of  the  tube  are  connected  with  the  ends  of  another  spiral  built 
into  a  small  furnace  at  a  lower  level,  and  an  unintei'initting  circu- 
lation of  the  liquid  takes  place  as  long  as  heat  is  applied. 


SPECIFIC  HEAT. 

Equal  weights  of  different  substances  having  the  same  tempera- 
tare  require  different  amounts  of  heat  to  raise  them  to  a  given 
degree  of  temperature.    If  1  lb.  of  water,  at  100°,  be  mixed  with 


HEAT. 


29 


1  lb.  at  40°,  then,  as  is  well  known,  a  mean  temperature  of 
^~  ^  =  ^ 0°  is  obtained.  In  the  same  way  the  mean  tem- 
perature is  found  when  warm  and  cold  oil,  or  warm  and  cold 
mercury,  &c,  are  mixed  together.  But  if  1  lb.  of  water  at  100° 
be  mixed  with  1  lb.  of  olive-oil  at  40°,  or  with  1  lb.  of  mercury 
at  40°,  then,  instead  of  the  mean  temperature  of  70°,  the  tempera- 
ture actually  obtained  will  be  80°  in  the  first  case,  98°  in  the 
second;  20  degrees  of  heat,  which  the  water  (by  cooling  from  100° 
to  80°)  gave  to  the  same  weight  of  oil,  were  sufficient  to  raise 
the  oil  40°,  that  is,  from  40°  to  80°  ;  and  2°,  which  the  water  lost 
by  cooling  from  100°  to  98°,  sufficed  to  heat  an  equal  quantity  of 
mercury  58°,  namely,  from  40°  to  98°. 

It  is  evident  from  these  experiments  that  the  quantities  of  heat 
which  equal  weights  of  water,  olive-oil,  and  mercury,  require  to 
raise  their  temperature  to  the  same  height,  are  unequal,  and  that 
they  are  in  the  proportion  of  the  numbers  1  :  to  :  A,  or  1  :  \  : 

These  quantities  of  heat,  expressed  relatively  to  the  quantity  of 
heat  required  to  raise  the  temperature  of  an  equal  weight  of  water 
from  0°  to  1°  C,  are  called  the  specific  heats  of  the  various 
substances  :  thus  the  experiments  just  described  show  that  the 
specific  heat  of  olive  oil  is  Jj,  that  is  to  say,  the  quantity  of  heat 
which  would  raise  the  temperature  of  any  given  quantity  of  olive 
oil  from  0°  to  1°  would  raise  that  of  an  equal  weight  of  water 
onlv  from  0°  to  or  of  half  that  quantity  of  water  from  0° 
to  1°. 

The  specific  heats  of  bodies  are  sometimes  said  to  measure  their 
relative  capacities  for  heat. 

There  are  three  distinct  methods  by  which  the  specific  heats 
of  various  substances  may  be  estimated.  The  first  of  these  is  by 
observing  the  quantity  of  ice  melted  by  a  given  weight  of  the 
substance  heated  to  a  particular  temperature ;  the  second  is  by 
noting  the  time  which  the  heated  body  requires  to  cool  down 
through  a  certain  number  of  degrees;  and  the  third  is  the  method 
of  mixture,  on  the  principle  illustrated  ;  this  latter  method  is  pre- 
ferred as  the  most  accurate. 

The  determination  of  the  specific  heat  of  different  substances 
naa  occupied  the  attention  of  many  experimenters  ;  among  these 
Dulong  and  Petit,  and  recently  Kegnault  and  Kopp,  deserve 
especial  mention. 

From  the  observation  of  these  and  other  physicists,  it  follows 
that  each  body  lias  its  peculiar  specific  heat,  and  that  the  specific 
heat  increases  with  increase  of  temperature.  If,  for  example,  the 
heat  which  the  unit  of  water  loses  by  cooling  from  10°  to  0°  be 
marked  at  10°,  then  the  loss  by  cooling  from  50°  to  0°  will  be,  not 
50,  corresponding  to  the  difference  of  temperature,  but  504.  By 
cooling  from  100°  to  0°  it  is  100'5,  and  rises  to  203-2  when  the 
water  is  heated  under  great  pressure  to  200°,  and  afterwards  cooled 
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to  0°.  Similar  and  even  more  striking  differences  have  been 
found  with  other  substances.  It  has  also  been  proved  that  the 
specific  heat  of  any  substance  is  greater  in  the  liquid  than  in  the 
solid  state.  For  example,  the  specific  heat  of  ice  is  0-504,  that  is, 
not  more  than  half  as  great  as  that  of  liquid  water. 

It  is  remarkable  that  the  specific  heat  of  water  is  greater  than 
that  of  all  other  solid  and  liquid  substances,  and  is  only  exceeded 
by  that  of  hydrogen.    The  specific  heat  of  the  solid  parts  of  the. 
crust  of  the  globe  is  on  an  average  J,  and  that  of  the  atmosphere 
nearly  I  that  of  water. 

If  the  specific  heat  of  any  body  within  certain  degrees  of  tem- 
perature be  accurately  known,  then  from  the  quantity  of  heat 
which  this  body  gives  out  when  quickly  dipped  into  cold  water, 
the  temperature  to  which  the  body  was  heated  may  be  deter- 
mined. Pouillet  has  founded  on  this  fact  a  method  of  measuring 
high  temperatures,  and  for  this  purpose,  with  the  help  of  the  air- 
thermometer,  he  has  determined  the  specific  heat  of  platinum  up 

to  1600°.  .  . 

The  determination  of  the  specific  heat  of  gases  is  attended  with 
peculiar  difficulties,  on  account  of  the  comparatively  large  volume 
of  small  weights  of  gases.  For  many  gases,  however,  satisfactory 
residts  have  been  obtained  by  the  method  of  mixing. 

"When  a  gas  expands,  heat  becomes  latent,  that  is  to  say,  insen- 
sible to  the  thermometer  ;  in  fact,  the  molecular  motion  which 
constitutes  heat  is  converted  into  another  kind  of  motion  which 
overcomes  the  pressure  to  which  the  gas  is  subjected,  and  allows 
it  to  expand  (see  page  61).  The  amount  of  heat  required,  there- 
fore, to  raise  a  gas  to  any  given  temperature  increases  the  more 
the  gas  in  question  is  allowed  to  expand.  The  quantity  of  heat 
which  the  unit-weight  of  a  gas  requires  in  order  to  raise  its  tem- 
perature 1°  without  its  volume  undergoing  any  change  (which  can 
take  place  only  by  the  pressure  being  simultaneously  augmented) 
is  called  the  specific  heat  of  the  gas  at  constant  volume.  The 
quantity  of  heat  required  by  the  unit-weight  of  a  gas  to  raise  its 
temperature  1°,  it  being  at  the  same  time  allowed  to  dilate  to 
such  an  extent  that  the  pressure  to  which  it  is  exposed  remains 
unchanged,  is  called  the  specific  heat  of  the  gas  at  constant  pres- 
sure. According  to  what  has  already  been  stated,  the  specific  heat 
at  constant  pressure  must  be  greater  than  that  at  constant  volume. 
Dulong  found,  in  the  case  of  atmospheric  air,  of  oxygen,  of 
hydrogen,  and  of  nitrogen,  that  the  two  specific  heats  are  in  the 
proportion  1*421  :  1.  For  carbon  monoxide,  however,  he  obtained 
the  proportion  of  1*423,  for  carbon  dioxide  1*337,  for  nitrogen 
dioxide  1'343,  and  for  olefiant  gas  1*24  to  1.  The  exact  determi- 
nation of  these  ratios  is  extremely  difficult,  and  the  residts  of  dif- 
ferent physicists  by  no  means  agree. 

The  first  satisfactory  comparison  of  the  specific  heat  of  ah*  with 
(hat  of  water  was  made  by  Count  Rivmford ;  later  comparisons  of 
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the  specific  heat  of  various  gases  have  been  made  by  Delaroche 
and  Berard,  Dulong  and  Regnault. 

The  first  researches  of  Delaroche  and  Berard  furnished  the  re- 
sults embodied  in  the  following  table  : — 


Equal  volumes. 
The  volumes    The  pressure 


Equal  weights. 
Air  =  l.     Water  =  1. 


0-2669 
0-24]  4 
3-8569 
0-2748 
0-2759 
0-2030 
0-2051 
0-4225 


1 

0 

9045 

14 

4510 

1 

•0295 

1 

0337 

0 

7607 

0 

7685 

1 

5829 

constant.  constant. 

Atmospheric  air,  1  1 

Oxygen,.       ...  1  1 

Hydrogen,     ...  1  1 

Nitrogen,       ...  1  1 

Carbon  monoxide,  1  1 

Nitrogen  monoxide,       .  1  -227  1  -160 

Carbon  dioxide,     .       .  1-249  1-175 

defiant  gas,  .       .       .  1-754  1-531 

The  latest  and  most  trustworthy  determinations  are  those  of 
Regnault,  given  in  the  subjoined  table,  in  the  second  column  of 
which  the  specific  heats  of  the  several  gases  and  vapours  are  com- 
pared with  that  of  an  equal  weight  of  water  taken  as  unity,  and 
in  the  third,  with  that  of  an  equal  volume  of  air  referred  to  its 
own  weight  of  water  as  unity.  The  latter  series  of  numbers  is 
obtained  by  multiplying  the  numbers  in  the  second  column  by 
the  specific  gravities  of  the  respective  gases  and  vapours  referred 
to  air  as  unity : — 


Specific  Heat 
at  Constant  Pressure. 


Gases. 

Atmospheric  air, 
Oxygen,  . 
Nitrogen,  . 
Hydrogen,  . 
Chlorine,  . 
Uromine  vapour, 
Carbon  monoxide, 
Carbon  dioxide, 
Nitrogen  monoxide,  . 
Nitrogen  dioxide, 
defiant  gas, 
Marsh  gas, 
Aqueous  vapour, 
Sulphuretted  hydrogen, 
Sulphur  dioxide, 
"Vapour  of  carbon  bisulphide, 
Hydrochloric  acid, 
Ammonia, 


Specific 
Gravity. 
Air=l. 

1 

1-  1056 
0-9713 
0-0692 

2-  4502 
5-4772 

0-  9670 

1-  5210 
1-5241 
1-0384 
0-9672 
0-5527 

0-  6220 

1-  1746 

2-  2112 
2-6258 
1-2596 
0-5894 


For  equal 
weights. 
Water  =1. 

0-2377 
0-2175 
0-2438 
3-4090 
0-1210 
0-0555 
0-2450 
0-2169 
0-2262 
0-2317 
0-4040 
0-5929 
0-4805 
0-2432 
0-1544 
0-1569 
0-1852 
0-5084 


For  equal 
volumes. 

0-2377 
0-2405 
0-2368 
0-2359 
0-2965 
0-3040 
0-2370 
0-3307 
0-3447 
0-2400 
0-4106 
0-3277 
0-2989 
0-2857 
0-3414 
0-4122 
0-2333 
0-2996 


The  researches  of  Delaroche  and  Berard  led  them  to  suppose 
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that  the  specific  heat  of  gases  increased  rapidly  as  the  tempera- 
was  Ed,  and  that  for  a  given  Volume  of  gas  it  =d 
Tr iwmortion  to  the  density  or  tension  of  the  gas.  Kegnault 
L  7Ceve    the  quantity  of  heat  which  a  given  volume  of 
SmreT'o  rkise  it  to  a  certain  temperature,  to  te  mdeWeBt 
of  its  density  •  and  that  for  each  degree  between  —  30  and  325 
k  con  tant    Carbon  dioxide,  however,  forms  an  exception  to 
hi?  rl  "f  specific  heat  increasing  with  the  temperature ..  In 
the  table  mean  values  for  temperatures  between  10  and  200  have 

^Svf mlphvsicists  have  held  that  the  specific  heats  of  elementary 
f  S  1  pmial  volumes,  are  identical.     The  number, 
which  Ee"nault  fomid  for  chlorhie  and  bromine,  however,  show 
hat  the  law  does  not  hold  good  for  aU  elementary  gases. 
It  has  been  already  stated  that,  when  a  gas  expands  heat 
It  has  Deen  a       j         expanding  be  not  supplied  with  the 

Snr0(S  latent/  that  is  to  say,  expended  rn  overcoming 
Ssme  On°the  other  hand,  if  a  gas  be  compressed  this  latent 
f  t'"  free  and  causes  an  elevation  of  temperature,  which, 
SSSdrc—s,  may  be  raised  to  ignition; 
^gesTy  which  tinder  is  kindled  are  constructed  on  this 
principle. 

CHANGE  OE  STATE. 

Solid  bodies  when  heated  are  expanded  ;  many  are  liquefied 
S  .  thev  me  t  or  fuse.  The  melting  of  solids  is  frequently  preceded 
w'aSdTal  softening,  more  especially  when  the  temperature ^ap- 
Soaches  the  point  of  fusion.  This  phenomenon  is  observed  in 
the  case  of  wax  or  iron.  In  the  case  of  other  solids-of  zinc  and 
cndXrin  tance-and  several  other  metals  this  softening ,  is  not 
observed  Generally,  bodies  expand  during  the  process  of  fusion 
an  Seption  to  this  rule  is  water,  which  expands  during  freezing 
an  except"      .  while  ice  when 


^volP7w^rXc:  nearby  11  vol.  of  ice),  whilelce  when 
meltm*  produces  a  proportionately  smaller  volume  of  water.  The 
exm  sion  of  bodies  during  fusion,  and  at  temperatures  preceding 
S  I  the  contraction  during  soBdification  and  tether  reingera- 
t S  is  very  unequal.    Wax  expands  considerably  before  fusing, 
and  comparatively  little  during  fusion  itself,    f  ax,  when  poured 
StoSdB,  fills  them  perfectly  during  solidification,  but  after- 
ward r  ontracts  considerably.     Stearic   acid,  on  the >  contrary, 
Zands  very  little  before  fusion,  but  rather  considerably  during 
S  id  consequently  pure  stearic  acid  when  poured  into 
i   .  Cnli,liftes  to  a  rough  porous  mass,  contracting  little  by 
f°n   r  CoS    The  addilW  of  a  little  wax  to  stearic  acid  pre- 
llu-t hci  .coo  ii  contraction  in  the  moment  of  solidification, 

SSAJSS  fit  for  being  moulded. 
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Latent  Heat  of  Fusion—  During  fusion  bodies  absorb  a  certain 
quantity  of  beat,  which  is  not  indicated  by  tbe  thermometer  4 
a  given  temperature-the  melting  point,  for  instance-a  certain 
weight  of  substance  contains  when  solid  less  heat  than  when  liquid 

If  equal  weights  of  water  at  0°  and  water  at  79°  be  mixed  the 

tures,  oi  39  5      If  the  same  experiment  be  repeated  with  snow  or 
finely-powdered  ice  at  0°,  and  water  at  79°,  the  temperature  of  the 
whole  will  be  only  0°,  but  the  ice  will  have  been  melted.  ' 
1  lb.  of  water  at  0°  ) 

1  lb.  of  water  at  79°      (  =  2  lk  water  at  39-5° 

1  lb.  of  ice  at  0°  ) 

1  lb.  of  water  at  79°      )       2  lb>  water  at  °° 

In  the  last  experiment,  therefore,  as  much  heat  has  been  an- 
parently  lost  as  would  have  raised  'a  quantity  of  water  equd to 
that  of  the  ice  through  a  range  of  79°.  1 

The  heat  thus  become  insensible  to'the  thermometer  in  effecting 

of  nukliTy011  '  ^  lat6nt  h6at'  01 

Again  let  a  perfectly  uniform  source  of  heat  be  imaged  of 
such  intensity  that  a  lb.  of  water  placed  over  it  woX  i 
temperature  raised  5°  per  minute.    Starting  with  water  at  0°  in 
rather  less  than  lg  ^       ^  ^  Wd  hive  xien  79™ 

but  the  same  quantity  of  ice  at  0°,  exposed  for  the  same  iiiterval 
EutThl™^1  nn  [tS  temPerature  raised  a  sin^e  degree 

But,  then,  it  would  have  become  water;  the  heat  received  would 
have  been  exclusively  employed  in  effecting  the  ohe^ge  oU^e 

evolved     If  ^  HI l0St'  f  ^  the  freeze*  ifc  is  ^ 

evolved.     11  a  tall  jar  of  water,  covered  to  exclude  dust  be 

placed  ma  situation  where  it  shall  be  quite  undist  nrbed  and  S 

■'M'pninriate—X!  n'  f  '  fl°atl,n? '.n  a  solution  of  zinc  chloride  of 
below1  its  f„si"„e  S  T'l Sd  ^ ''r' "'"i'j1  Condition  at  temperatures  40 
Point,  frequently  Sfo  , i  1  J  ,  >,S'  thus  cooled  bfilow  their  fusing 
When  i,r„  '  „  o  firt  "  m  '.T^  ^  *  8olid  substance,  invariably 
condition.  A  oodv  tC  r  '  *  fTOent  of  the  same  body  in  the  solid 
solidifying  poin  ^  L  I ,ta'ned  P,  thor  H,lllid  8lat»  above'its  ordinary 
g  P  nt'  18  said  t0  be  in  a  state  oisur/usion  or  super  fusion. 

c 


34 


HEAT. 


This  curious  condition  of  instable  equilibrium  shown  by  the 
very  cold  water  in  the  preceding  experiment,  may  be  reproduced 
with  a  variety  of  solutions  which  tend  to  crystallise  or  solidify, 
but  in  which  that  change  is  for  a  while  suspended.  Thus,  a  solu- 
tion of  crystallised  sodium  sulphate  in  its  own  weight  of  warm 
water,  left  to  cool  in  an  open  vessel,  deposits  a  large  quantity  of 
the  salt  in  crystals.  If  the  warm  solution,  however,  be  filtered 
into  a  clean  flask,  which  when  full  is  securely  corked  and  set  aside 
to  cool  undisturbed,  no  crystals  will  be  deposited,  even  after  many 
days,  until  the  cork  is  withdraw  and  the  contents  of  the  flask 
are  violently  shaken.  Crystallisation  then  rapidly  takes  place  in  a 
very  beautiful  manner,  and  the  whole  becomes  perceptibly  warm. 

The  law  above  illustrated  in  the  case  of  water  is  perfectly  general. 
Whenever  a  solid  becomes  a  liquid,  a  certain  fixed  and  definite 
amount  of  heat  disappears,  or  becomes  latent ;  and  conversely, 
whenever  a  liquid  becomes  solid,  heat  to  a  corresponding  extent  is 
given  out. 

The  following  table  exhibits  the  melting  points  of  several  sub- 
stances, and  their  latent  heats  of  fusion  expressed  in  gram-degrees 
— that  is  to  say,  the  numbers  in  the  column  headed  "  latent  heat" 
denote  the  number  of  grams  of  water,  the  temperature  of  which 
would  be  raised  1°  centigrade  by  the  quantity  of  heat  required  to 
fuse  one  gram  of  the  several  solids : — 


Substance. 

Molting 
Point. 

Latent 
Heat. 

Substance, 

Melting 
Point. 

Latent 
Heat. 

Mercury, .    .  . 
Phosphorus, 
Lead,  .... 

-39° 
+  44 
332 

2-82 

5-0 

5-4 

Tin,  

Silver,  .... 
Zinc  

235° 
1000 
433 

14-25 

21-1 

28-1 

Sulphur,  .    .  . 
Iodine,    .    .  . 
Bismuth, 

115 
107 

9-4 
11-7 

Calcium  chloride  ) 
(CaCh  6H„0),  j 

28-5 

40-7 

270 

12-6 

Potassium  nitrate, 

339 

47-4 

Cadmium,    .  . 

320 

13-6 

Sodium  nitrate,  . 

310-5 

63-0 

When  a  solid  substance  can  be  made  to  liquefy  by  a  weak 
chemical  attraction,  cold  results,  from  sensible  heat  becoming 
latent.  This  is  the  principle  of  the  many  frigorific  mixtures  to 
be  found  described  in  some  of  the  older  chemical  treatises.  When 
snow  or  powdered  ice  is  mixed  with  common  salt,  and  a  thermo- 
meter plunged  into  the  mass,  the  mercury  sinks  to  0°  F.  (-17-7°  C), 
while  the  whole  after  a  short  time  becomes  fluid  by  the  attraction 
between  the  water  and  the  salt ;  such  a  mixture  is  very  often  used 
in  chemical  experiments  to  cool  receivers  and  condense  the  vapours 
of  volatile  liquids.  Powdered  crystallised  calcium  chloride  and 
snow  produce  cold  enough  to  freeze  mercury.  Even  powdered 
potassium  nitrate,  or  sal-ammoniac,  or  ammonium  nitrate,  dissolved 
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in  water,  occasions  a  very  notable  depression  of  temperature  •  in 
every  case,  in  short,  in  which  solution  is  unaccompanied  by  ener- 
getic chemical  action,  cold  is  produced. 

No  relation  can  be  traced  between  the  actual  melting-point  of  a 
substance,  and  its  latent  heat  when  in  the  fused  state.  ° 

Latent  Heat  of  Vaporisation.— A  law  of  exactly  the  same  kind 
as  that  above  described  affects  universally  the  gaseous  condition  • 
change  of  state  from  solid  or  liquid  to  gas  is  accompanied  by  ab- 
sorption of  sensible  heat,  and  the  reverse  by  its  disengagement 
I  he  latent  heat  of  steam  and  other  vapours  may  be  ascertained  by 
a  mode  of  investigation  similar  to  that  employed  in  the  case  of 
water. 

in2^ln  isJmixed  ^  an  equal  weight  of  water  at 

100  ,  the  whole  is  found  to  possess  the  mean  of  the  two  tempera- 
tures, or  50°;  on  the  other  hand,  1  part  by  weight  of  steam  at 
100  ,  when  condensed  in  cold  water,  is  found  to  be  capable  of 
raising  5*4  parts  of  the  latter  from  the  freezing  to  the  boffin* 
point,  or  through  a  range  of  100°.  Now  100  x  5-4=  540°  •  that 
is  to  say,  steam  at  100°,  in  becoming  water  at  100°,  parts' with 
enough  heat  to  raise  a  weight  of  water  equal  to  its  own  (if  it  were 
possible)  540  ,  of  the  thermometer,  or  540  times  its  own  weight  of 
water  one  degree.  When  water  passes  into  steam  the  same 
quantity  of  sensible  heat  becomes  latent. 

The  vapours  of  other  liquids  seem  to  have  less  latent  heat  than 
that  of  water  The  following  table  is  by  Dr  Th.  Andrews,  and 
serves  well  to  illustrate  this  point.  The  latent  heats  are  expressed, 
as  in  the  last  table,  m  gram-degrees :  


Vapour  of  water,  . 

alcohol,  . 
ether, 

oxalic  ether,  . 
acetic  ether,  . 
ethylic  iodide, 
wood  spirit,  . 
carbon  bisulphide, 
tin  tetrachloride, 
bromine, 
oil  of  turpentine, 


Latent  Heat. 

535-90° 
202-40 
90-45 
72-72 
92-68 
46-87 
263-70 
86-67 
30-35 
45-66 
74-03 


win  7     occasioned  by  the  formation  of  bubbles  of  vapour 

Se  nil  Y  Uie  eval""';iU"-  which  rise  to  the  surface 
verV ,  ,  Pemanent  gM:    ™«  occurs  in  different  liquids  at 

S  en  temperatures.    Under  the  same  circumstances,  the 

C&?  r    "  ril"te  con8tant»  and  often  becomes  a  physical 

nS™.  .  F      importance  in  distinguishing  liquids  which 

Stfon  Cach  other'   A  few  ca8ea ™y  be  ci  e'l  In  iUus- 
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Substance. 


Boiling-point. 


Aldehyde, 
Ether, 

Carbon  bisulphide,  . 
Alcohol,  . 
Water,  . 

Nitric  acid,  strong,  . 
Oil  of  turpentine, 
Sulphuric  acid, 
Mercury,  . 


20 -S3 
349 
46-1 
78-4 

100 

120 

157 

326-6 

350 


For  ebullition  to  take  place,  it  is  necessary  that  the  elasticity  ol' 
the  vapour  should  be  able  to  overcome  the  cohesion  of  the  liquid 
and  the  pressure  upon  its  surface  ;  hence  the  extent  to  which  the 
boiling  point  may  be  modified. 

Water,  under  the  usual  pressure  of  the  atmosphere,  boils  at 
100°  (212°  F.) ;  in  a  partially  exhausted  receiver  or  on  a  niountain- 
top  it  boils  at  a  much  lower  temperature  ;  and  in  the  best  vacuum 
of  an  air-pump,  over  oil  of  vitriol,  which  absorbs  the  vapour,  it 
will  often  enter  into  violent  ebullition  while  ice  is  in  the  act  of 
forming  upon  the  surface. 

On  the  other  hand,  water  confined  in  a  very  strong  metallic 
vessel  may  be  restrained  from  boiling  by  the  pressure  of  its  own 
vapour  to  an  abnost  unlimited  extent ;  a  temperature  of  177°  or 
204°  is  very  easily  obtained ;  and,  in  fact,  it  is  said  that  water  may 
be  made  red-hot,  and  yet  retain  its  liquidity. 

There  is  a  very  simple  and  beautiful  experiment  illustrative  of 
the  effect  of  diminished  pressure  in  depressing  the  boiling  point 
of  a  liquid.  A  little  water  is  made  to  boil  for  a  few  minutes  in  a 
flask  or  retort  placed  over  a  lamp,  until  the  air  has  been  chased 
out,  and  the  steam  issues  freely  from  the  neck.  A  tightly  fitting 
cork  is  then  inserted,  and  the  lamp  at  the  same  moment  with- 
drawn. When  the  ebullition  ceases,  it  may  be  renewed  at  plea- 
sure for  a  considerable  time  by  the  affusion  of  cold  water,  which, 
by  condensing  the  vapour  within,  occasions  a  partial  vacuum. 

The  nature  of  the  vessel,  or,  rather,  the  state  of  its  surface, 
exercises  an  influence  upon  the  boiling  point,  and  this  to  a  much 
greater  extent  than  was  formerly  supposed.  It  has  long  been 
noticed  that  in  a  metallic  vessel  water  boils,  under  the  same  cir- 
cumstances of  pressure,  at  a  temperature  one  or  two  degrees  below 
that  at  wliich  ebullition  takes  place  in  glass ;  but  by  particular 
management  a  much  greater  difference  ran  be  observed.  If 
two  similar  glass  flasks  lie  taken,  the  one  coated  in  the  inside  with 
a  film  of  shellac,  and  the  other  completely  cleansed  by  hot  sul- 
phuric acid,  water  heated  over  a  lamp  in  the  first  will  boil  at 
99-4°,  while  in  the  second  it  will  often  rise  to  105°  or  even  higher; 
a  momentary  burst  of  vapour  then  ensues,  and  the  thermometer 
sinks  a  few  degrees,  after  which  it  rises  again.  Iu  this  state,  the 
introduction  of  a  few  metallic  filings,  or  angular  fragments  of  any 
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kind,  occasions  a  lively  disengagement  of  vapour,  while  the  tem- 
perature sinks  to  100°,  and  there  remains  stationary.  These  re- 
markable effects  must  be  attributed  to  an  attraction  between  the 
surface  of  the  vessel  and  the  liquid. 

When  out  of  contact  with  solid  bodies,  liquids  not  only  solidify 
with  reluctance,  but  also  assume  the  gaseous  condition  with 
greater  difficulty.  Drops  of  water  or  of  aqueous  saline  solutions 
floating  on  the  contact-surface  of  two  liquids,  of  which  one  is 
heavier  and  the  other  lighter,  may  be  heated  from  10  to  20  de- 
grees above  the  ordinary  boiling  point ;  explosive  ebullition,  how- 
ever, is  instantaneously  induced  by  contact  with  a  solid  substance. 

A  cubic  inch  of  water  in  becoming  steam  under  the  ordinary 
pressure  of  the  atmosphere  expands  into  1696  cubic  inches,  or 
nearly  a  cubic  foot. 

Steam,  not  in  contact  vrith  water,  is  affected  by  heat  in  the  same 
manner  as  the  permanent  gases  ;  its  rate  of  expansion  and  increase 
of  elastic  force  are  practically  the  same.  When  water  is  present,  the 
rise  of  temperature  increases  the  quantity  and  density  of  the  steam, 
and  hence  the  elastic  force  increases  in  a  far  more  rapid  proportion. 

This  elastic  force  of  steam  in  contact  with  water,  at  different 
temperatures,  has  been  very  carefully  determined  by  Arago  and 
Dulong,  and  lately  by  Magnus  and  Regnault.  The  force  is  ex- 
pressed in  atmospheres  ;  the  absolute  pressure  upon  any  given 
surface  can  be  easily  calculated,  allowing  14-6  lb.  per  square  inch 
to  each  atmosphere.  The  experiments  were  carried  to  twenty-five 
atmospheres — at  which  point  the  difficulties  and  clanger  became  so 
great  as  to  put  a  stop  to  the  inquiry  ;  the  rest  of  the  table  is  the 
result  of  calculations  founded  on  the  data  so  obtained  : — 


Pressure  of  Steam 
in  Atmospheres. 

1 

1-  5 
2 

2-  5 
3 

35 
4 

4  5 
5 

5-  5 
6 

6-  5 
7 

7-  5 
8 

9 
10 
11 
12 


Corresponding 
Temperature. 

100° 
112 

122 

129 

135 

140-5 

145-5 

149 

153 

157 

160 

163 

167 

169 

172 

177 

182 

186 

190 


Pressure  of  Steam 
in  Atmospheres. 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
30 
35 
40 
45 
50 


Corresponding 
Temperature. 

194° 

197 

200-5 

203 

207 

209 

212 

214 

217 

219 

222 

224 

226 

236 

245 

253 

255 

206 
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It  is  very  interesting  to  know  the  amount  of  heat  requisite  to 
convert  water  of  any  given  temperature  into  steam  of  the  same  or 
another  given  temperature.  The  most  exact  experiments  on  this 
subject  have  been  made  by  Eegnault.  He  arrived  at  this  result, 
that  when  the  unit-weight  of  steam  at  the  temperature  t  is  con- 
verted into  water  of  the  same  temperature,  and  then  cooled  to  0  , 
it  gives  out  the  quantity  of  heat  T,  which  is  represented  by  the 
formula  : — 

T  =  606-5  +  0-305  t. 

This  formula  appears  to  hold  good  for  temperatoes  both  above 
and  below  the  ordinary  boiling  point  of  water.  The  following 
table  gives  the  values  of  T,  corresponding  to  the  respective  tem- 
peratures in  the  first  column  : — 

t  T  . 

0-  606-5° 

50  621-7 

100  637-0 

150  652-2 

200  667-5' 

T  is  called  the  total  heat  of  steam,  being  the  heat  required  to 
raise  water  from  0°  to  t,  together  with  that  which  becomes  latent 
by  the  transformation  of  water  at  f  into  steam  at  t°.  Eegnault 
states,  as  a  result  of  some  very  delicate  experiments,  that  the  heat 
necessary  to  raise  a  unit-weight  of  water  from  0°  to  t  is  not  ex- 
actly denoted  by  t ;  the  discrepancy,  however,  is  so  small  that  it 
may  be  disregarded.  Employing  the  approximate  value,  the 
latent  heat  of  steam,  L,  at  any  temperature  will  be  found 
by  subtracting  t  from  the  total  heat  ;  or,  according  to  the 
formula : — 

L  =  606-5  -  0-695  t. 

This  equation  shows  us  the  remarkable  fact  that  the  latent  heat 
of  steam  cliniinishes  as  the  temperature  rises.  Before  Eegnault  s 
experiments  were  made,  two  laws  of  great  simplicity  were  gene- 
rally admitted,  one  of  which,  however,  contradicted  the  other. 
Watt  concluded,  from  experiments  of  his  own,  as  well  as  from 
theoretical  speculations,  that  the  total  heat  of  steam  would  be  the 
same  at  all  temperatures.  Were  this  true,  equal  weights  of  steam 
passed  into  cold  water  would  always  exhibit  the  same  heating 
power,  no  matter  what  the  temperature  of  the  steam  might  be. 
Exactly  the  same  absolute  amount  of  heat,  and  consequently  the 
same  quantity  of  fuel,  would  be  required  to  evaporate  a  given 
weight  of  water  in  vacuo  at  a  temperature  which  the  hand  can 
bear  or  under  great  pressure  and  at  a  high  temperature.  Watt's 
law  '  though  agreeing  well  with  the  rough  practical  results  ob- 
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tained  by  engineers,  is  only  approxbnately  true  ;  and  the  same 
may  be  said  of  the  deductions  which  have  just  been  made  from  it. 
The  second  law,  in  opposition  to  Watt's,  is  that  of  Southern,  stat- 
ing the  latent  heat  of  steam  to  be  the  same  at  all  temperatures. 
Eegnault's  researches  have  shown  that  neither  Watt's  law  (T  con- 
stant) nor  Southern's  law  (L  constant)  is  correct. 


Distillation.  —  The  process  of  distillation  is  very  simple :  its 
object  is  either  to  separate  substances  which  rise  in  vapour  at 
different  temperatures,  or  to  part  a  volatile  liquid  from  a  sub- 
stance incapable  of  volatilisation.  The  same  process  applied 
to  bodies  which  pass  directly  from  the  solid  to  the  gaseous 
condition,  and  the  reverse,  is  called  sublimation.  Every  distilla- 
tory apparatus  consists  essentially  of  a  boiler,  in  which  the  vapour 
is  raised,  and  of  a  condenser,  in  which  it  returns  to  the  liquid  or 
solid  condition.  In  the  still  employed  for  manufacturing  pur- 
poses, the  latter  is  usually  a  spiral  metal  tube  immersed  in  a 
tub  of  water.  The  common  retort  and  receiver  constitute  the 
simplest  arrangement  for  distillation  on  the  small  scale  ;  the 
retort  is  heated  by  a  gas  lamp,  and  the  receiver  is  kept  cool,  if 
necessary,  by  a  wet  cloth,  or  it  may  be  surrounded  with  ice 
(fig.  22). 

Liebig's  condenser  (fig.  23)  is  a  very  valuable  instrument  in  the 
la  I 'oratory  ;  it,  consists  of  a  glass  tube  tapering  from  end  to  end, 
hxed  by  perforated  corks  in  the  centre  of  a  metal  pipe,  provided 
Willi  tubes  so  arranged  that  a  current  of  cold  water  may  circulate 
through  the  apparatus,  By  putting  ice  into  the  little  cistern,  the 
water  may  be  kept  at  0°,  and  extremely  volatile  liquids  con- 
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Tension  of  Vapours.— Liquids  evaporate  at  temperatures  below 
their  boiling  points  ;  in  this  case  the  evaporation  takes  place 
slowly  from  the  surface.  Water,  or  alcohol,  exposed  in  an  open 
vessel  at  the  temperature  of  the  air,  gradually  disappears ;  the 
more  rapidly,  the  warmer  and  drier  the  air. 

This  fact  was  formerly  explained  by  supposing  that  air  and 
gases  in  general  had  the  power  of  dissolving  and  holding  in  solu- 
tion certain  quantities  of  liquids,  and  that  this  power  increased 
with  the  temperature  ;  such  an  idea  is  incorrect. 


If  a  barometer-tube  be  carefully  rilled  with  mercury  and  in- 
verted in  the  usual  maimer,  and  then  a  few  drops  of  water  passed 
up  the  tube  into  the  vacuum  above,  a  very  remarkable  effect  will 
be  observed, — the  mercury  will  be  depressed  to  a  small  extent, 
and  this  depression  will  increase  with  increase  of  temperature. 
Now,  as  the  space  above  the  mercury  is  void  of  air,  and  the 
weight  of  the  few  drops  of  water  quite  inadequate  to  account  for 
this  depression,  it  must  of  necessity  be  imputed  to  the  vapour 
which  instantaneously  rises  from  the  water  into  the  vacuum  ;  and 
that  this  effect  is  really  due  to  the  elasticity  of  the  aqueous 
vapour,  is  easily  proved  by  exposing  the  barometer  to  a  heat  of 
100°,  when  the  depression  of  the  mercury  will  be  complete,  and 
it  will  stand  at  the  same  level  within  and  without  the  tube  ; 
indicating  that  at  that  temperature  the  elasticity  of  the  vapour 
is  equal  to  that  of  the  atmosphere — a  fact  which  the  phenomenon 
of  ebullition  has  already  shown. 

By  placing  over  the  barometer  a  wide  open  tube  dipping  into  the 
mercurv  below  (fig.  24),  and  then  filling  this  tube  with  water  at 
different  temperatures,  the  tension  of  the  aqueous  vapour  for  each 
decree  of  the  thermometer  may  he  accurately  determined  by  its 
depressing  effect  upon  the  mercurial  column  ;  the  same  power 
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which  forces  the  latter  doion  one  inch  against  the  pressure  of  the 
atmosphere,  would  of  course  elevate  a  column  of  mercury  to  the 
same  height  against  a  vacuum,  and  in  this  way  the  tension  may 
be  conveniently  expressed.  The  following  table  was  drawn  up  by 
Dalton,  to  whom  we  owe  the  method  of  investigation : — 


Temperature. 

Tension  in 
Inches  of 

Temperature. 

Tension  in 
Inches  of 

F. 

c. 

Mercury. 

F. 

C. 

Mercury. 

32° 

0° 

0-200 

130° 

54-4° 

4-34 

40 

4-4 

0-263 

140 

60 

5-74 

5U 

10 

0-375 

150 

65-5 

7-42 

60 

15-5 

0-524 

160 

71-1 

9-46 

70 

21-1 

0-721 

170 

76-6 

12-13 

80 

26-6 

1-000 

180 

82-2 

15-15 

90 

32-2 

1-360 

190 

87-7 

19-00 

100 

377 

1-860 

200 

93-3 

23-64 

110 

43-3 

2-530 

212 

100 

30-00 

120 

48-8 

3-330 

Fig.  24. 


Another  table  representing  the  tension  of  the  vapour 
of  water,  drawn  up  by  Regnault,  is  given  at  the  end  of 
the  work. 

Other  liquids  tried  in  this  manner  are  found  to  emit 
vapours  of  greater  or  less  tension,  for  the  same  tem- 
perature, according  to  their  different  degrees  of  vola- 
tility ;  thus,  a  little  ether  introduced  into  the  tube 
depresses  the  mercury  10  inches  or  more  at  the  ordinary 
temperature  of  the  air ;  oil  of  vitriol,  on  the  other 
hand,  does  not  emit  any  sensible  quantity  of  vapour 
until  a  much  greater  heat  is  applied  ;  and  that  given 
off  by  mercury  itself  in  warm  summer  weather,  al- 
though it  may  be  detected  by  very  delicate  means,  is 
far  too  little  to  exercise  any  effect  upon  the  barometer. 
In  the  case  of  water,  the  evaporation  is  quite  distinct 
and  perceptible  at  the  lowest  temperatures  when  frozen 
to  solid  ice  in  the  barometer-tube ;  snow  on  the  ground, 
or  on  a  housetop,  may  often  be  noticed  to  vanish,  from 
the  same  cause,  day  by  day  in  the  depth  of  winter,  when  melting 
is  impossible. 

There  exists  for  each,  vapour  a  state  of  density  which  it  cannot 
pass  without  losing  its  gaseous  condition,  and  becoming  liquid  ; 
this  is  called  the  condition  of  maximum  density.  When  a  vola- 
tile liquid  is  introduced  in  sufficient  cjuantity  into  a  vacuum, 
this  condition  is  always  reached,  and  then  evaporation  ceases. 
Any  attempt  to  increase  the  density  of  this  vapour  by  compressing 
it  into  a  smaller  space  will  be  attended  by  the  liquefaction  of  a 
portion,  the  density  of  the  remainder  being  unchanged.  If  a  little 
ether  be  introduced  into  a  barometer,  and  the  latter  slowly  sunk 
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into  a  very  deep  cistern  of  mercury  (fig.  25),  it  will  be  found  that 
the  height  of  the  column  of  mercury  in  the  tube  above  that  in  the 
cistern  remains  unaltered  until  the  upper  extremity  of  the  baro- 
meter approaches  the  surface  of  the  metal  in  the  column  and  all 
the  ether  has  become  liquid.    It  will  be  observed  also,  that,  as 
the  tube  sinks,  the  stratum  of  liquid  ether  increases  in  thickness, 
but  no  increase  of  elastic  force  occurs  in  the 
Fig.  25.        vapour  above  it,  and  consequently,  no  increase  oi 
density  ;  for  tension  and  density  are  always,  under 
esS^—- A    ordinary  circumstances  at  least,  directly  propor- 
tionate  to  each  other. 
\  The  maximum  density  of  vapours  is  dependent 

upon  the  temperature  ;  it  increases  rapidly  as  the 
temperature  rises.  This  is  well  shown  in  the  case 
of  water.  Thus,  taking  the  spec.  grav.  of  atmo- 
spheric air  at  100°  =  1000,  that  of  aqueous  vapour 
in  its  greatest  state  of  compression  for  the  temper- 
ature will  be  as  follows  : — 


Temperature. 
F.  C. 

Specific  Gravity. 

Weight  of  100  Cubic 
Inches. 

32°  0° 

5-690 

0-136  grains. 

50  10 

10-293 

0-247  „ 

60  15-5 

14-108 

0-338  ,, 

100  377 

46-500 

1-113  „ 

150  65-5 

170-293 

4-076  ,, 

212  100 

625-000 

14-962  „ 

The  last  number  was  experimentally  found  by 
Gay-Lussac ;  the  others  are  calculated  from  that 
by  the  aid  of  Dalton's  table  of  tensions,  on  the 
assumption  that  steam,  not  in  a  state  of  saturation, 
that  is,  below  the  point  of  greatest  density,  obeys 
the  laws  of  Mariotte  (which  is,  however,  only  ap- 
proximately true),  and  that  when  it  is  cooled  it 
contracts  like  the  permanent  gases. 

Thus,  there  are  two  distinct  methods  by  which 
a  vapour  may  be  reduced  to  the  liquid  form — 
pressure,  by  causing  increase  of  density  until  the 
point  of  maximum  density  for  a  given  tempera- 
ture is  reached ;  and  cold,  by  which  the  point  of 
maximum  density  is  itself  lowered.  The  most 
powerful  effects  are  produced  when  both  are  con- 
joined. 

For  example,  if  100  cubic  inches  of  vapour  of 
water  at  100°  F.,  in  the  state,  above  described,  had  its  tempera- 
ture reduced  to  50°  F.,  not  less  than  0'89*  grain  of  liquid  water 

*  100  cab.  inch,  aqueous  vapour  at  100°  F.,  weighing  1 118  grain,  would 
at  50°  F.  become  reduced  to  91 -07  cub.  inch.,  weighing  0"225  grain. 
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would  necessarily  separate,  or  very  nearly  eight-tenths  of  the 
whole. 

Evaporation  into  a  space  filled  with  air  or  gas  follows  the  same 
law  as  evaporation  into  a  vacnum ;  as  much  vapour  rises,  and  the 
condition  of  maximum  density  is  assumed  in  the  same  manner,  as 
if  the  space  were  perfectly  empty ;  the  sole  cfifference  lies  in  the 
length  of  time  required.  When  a  liquid  evaporates  into  a  vacuum, 
the  point  of  greatest  density  is  attained  at  once,  while  in  the 
other  case  some  time  elapses  before  this  happens:  the  particles 
of  air  appear  to  oppose  a  sort  of  mechanical  resistance  to  the  rise 
of  the  vapour.  The  ultimate  effect  is,  however,  precisely  the 
same. 

When  to  a  quantity  of  perfectly  dry  gas  confined  in  a  vessel 
closed  by  mercury,  a  little  water  is  added,  the  latter  immediately 
begins  to  evaporate,  and  after  some  time  as  much  vapour  will  be 
found  to  have  risen  from  it  as  if  no  gas  had  been  present,  the 
quantity  depending  entirely  on  the  temperature  to  which  the  whole 
is  subjected.  The  tension  of  this  vapour  will  add  itself  to  that  of 
the  gas,  and  produce  an  expansion  of  volume,  which  will  be  indi- 
cated by  an  alteration  of  level  in  the  mercury. 

Vapour  of  water  exists  in  the  atmosphere  at  all  times,  and  hi 
all  situations,  and  there  plays  a  most  important  part  in  the  economy 
of  nature.  The  proportion  of  aqueous  vapour  present  in  the  air 
is  subject  to  great  variation,  and  it  often  becomes  important  to 
determine  its  quantity.  This  is  easily  done  by  the  aid  of  the 
foregoing  principles. 

Dew-point. — If  the  aqueous  vapour  be  in  its  condition  of  greatest 
possible  density  for  the  temperature,  or,  as  it  is  frequently,  but 
most  incorrectly,  expressed,  the  air  be  saturated  with  vapour  of 
water,  the  slightest  reduction  of  temperature  will  cause  the  deposi- 
tion of  a  portion  in  the  liquid  form.  If,  on  the  contrary,  as  is 
almost  always  in  reality  the  case,  the  vapour  of  water  be  below  its 
state  of  maximum  density,  that  is,  in  an  expanded  condition,  it  is 
clear  that  a  considerable  fall  of  temperature  may  occur  before 
uquefaction  commences.  The  degree  at  which  this  takes  place  is 
called  the  dew-point,  and  it  is  determined  with  great  facility  by  a 
very  simple  method.  A  little  cup  of  thin  tin  plate  or  silver,  well 
polished,  is  filled  with  water  at  the  temperature  of  the  air,  and  a 
1 H "'■ate  thermometer  inserted.  The  water  is  then  cooled  by  drop- 
ping in  fragments  of  ice,  or  dissolving  in  it  powdered  sal-ammoniac, 
trntu  moisture  begins  to  make  its  appearance  on  the  outside,  dim- 
ming the  bright  metallic  surface.  The  temperature  of  the  dew- 
Pomt  is  then  read  off  upon  the  thermometer,  and  compared  with 
that  of  the  air. 

Suppose,  by  way  of  example,  that  the  latter  were  70°  F.,  and  the 
aew-pomt  50°  R,  the  elasticity  of  the  watery  vapour  present 
would  correspond  to  a  maximum  density  proper  to  <60°  F.,  and 
would  su|,,,„rt  a  column  of  mercury  0-376  inch  high.    If  the  baro- 
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meter  on  the  spot  stood  at  30  inches,  therefore,  29'625  inches 
would  be  supported  by  the  pressure  of  the  dry  air,  and  the  remain- 
ing 0-375  inch  by  the  vapour.  Noav,  a  cubic  foot  of  such  a  mixture 
must  be  looked  upon  as  made  up  of  a  cubic  foot  of  dry  air,  and  a 
cubic  foot  of  watery  vapour,  occupying  the  same  space,  and  having 
tensions  indicated  by  the  numbers  just  mentioned.  A  cubic  foot, 
or  1728  cubic  inches  of  vapour  at  70°  F.,  would  become  reduced  by 
contraction,  according  to  the  usual  law,  to  1662-8  cubic  inches 
at  50°  F. ;  this  vapour  would  be  at  its  maximum  density,  having 
the  specific  gravity  pointed  out  in  the  table ;  hence  1662-8  cubic 
inches  would  weigh  4-11  grains.  The  weight  of  the  aqueous  vapour 
contained  in  a  cubic  foot  of  air  will  thus  be  ascertained.  In  this 
country  the  difference  between  the  temperature  of  the  air  and 
the  dew-point  seldom  reaches  30°  F.  (16-6°C.)  degrees;  but  in 
the  Deccan,  with  a  temperature  of  90°  F.  (32-2°  C),  the  dew- 
point  sinks  as  low  as  29°  F.,  making  the  degrees  of  dryness 
61°  F* 

Liquefaction  of  Gases. — The  perfect  resemblance  in  every  respect 
which  vapours  bear  to  permanent  gases,  led,  very  naturally,  to  the 
idea  that  the  latter  might,  by  the  application  of  suitable  means,  be 
made  to  assume  the  liquid  state,  and  this  surmise  was,  in  the 
hands  of  Mr  Faraday,  to  a  great  extent  verified.  Out  of  the  small 
number  of  such  substances  tried,  no  fewer  than  eight  gave  way ; 
and  it  is  quite  fair  to  infer  that,  had  means  of  sufficient  power  been 
at  hand,  the  rest  would  have  shared  the  same  fate,  and  proved  to 
be  nothing  more  than  the  vapours  of  volatile  liquids  in  a  state  very 
far  removed  from  that  of  their  maximum  density.  The  sub- 
joined table  represents  the  results  of  Faraday's  first  investigations, 
with  the  pressure  in  atmospheres,  and  the  temperatures  at  which 
the  condensation  takes  place. 


Sulphur  dioxide, 
Hydrogen  sulphide, 
Carbon  dioxide,  . 
Chlorine, 

Nitrogen  monoxide, 
Cyanogen, 
Ammonia, 
Hydrochloric  acid, 

The  method  of  proceeding  was  very  simple :  the  materials  were 
sealed  up  in  a  strong  narrow  tube,  together  with  a  little  pressure- 
gauge,  consisting  of  a  slender  tube  closed  atone  end,  and  having 
within  it,  near  the  open  extremity,  a  globule  of  mercury.  The  gas 
being  disengaged  by  heat,  accumulated  in  the  tube,  and  by  its  own 
pressure  brought  about  condensation.    The  force  required  for  this 

*  Daniell,  Introduction  to  Chemical  Philosophy,  p.  154. 


Atmospheres. 

Temperatures. 

F. 

C. 
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purpose  was  judged  of  by  the  dimiuution  of  volume  of  the  air  in 
the  gauge. 

By  the  use  of  narrow  green  glass  tubes  of  great  strength,  power- 
ful condensing  syringes,  and  an  extremely  low  temperature,  pro- 
duced by  means  to  be  presently  described,  defiant  gas,  hydriodic 
and  hydrobroniic  acids,  phosphoretted  hydrogen,  and  the  gaseous 
fluorides  of  silicon  and  boron,  were  successively  liquefied.  Oxygen, 
hydrogen,  nitrogen,  nitrogen  dioxide,  carbon  monoxide,  and  marsh 
gas,  refused  to  liquefy  at  —166°  F.  while  subjected  to  pressures 
varying  from  27  to  58  atmospheres. 

Sir  Isambard  Brim  el,  and,  more  recently,  M.  Thilorier,  of  Paris, 
succeeded  in  obtaining  liquid  carbon  dioxide  (commonly  called 


Fig.  26. 


carbonic  acid)  in  great  abundance.  Thilorier's  apparatus  consists 
of  a  pair  of  extremely  strong  metallic  vessels,  one  of  which  is 
destined  to  serve  the  purpose  of  a  retort,  and  the  other  that  of  a 
receiver.  They  are  made  either  of  thick  cast  iron  or  gun  metal, 
or,  still  better,  of  the  best  and  heaviest  boiler-plate,  and  are  fur- 
nished with  stop-cocks  of  a  peculiar  kind,  the  workmanship  of 
which  must  be  excellent.  The  generating  vessel  or  retort  has  a  pair 
of  trunnions  upon  which  it  swings  in  an  iron  frame.  The  joints 
are  secured  by  collars  of  lead,  and  every  precaution  is  taken  to  pre- 
vent leakage  under  the  enormous  pressure  the  vessel  has  to  bear. 
The  receiver  resembles  the  retort  in  every  respect ;  it  has  a  similar 
stop-cock,  and  is  coimected  with  the  retort  by  a  strong  copper 
tube  and  a  pair  of  union  screw-joints;  a  tube  passes  from  the 
stop-cock  downwards,  and  terminates  near  the  bottom  of  the 
vessel. 

The  operation  is  thus  conducted :  2|  lb.  of  acid  sodium  carbo- 
nate, and  6|  lb.  of  water  at  100°  F,  are  introduced  into  the 
generator;  oil  of  vitriol  to  the  amount  of  1|  lb.  is  poured  into  a 
copper  cylindrical  vessel,  which  is  lowered  down  into  the  mixture, 
and  set  upright ;  the  stop-cock  is  then  screwed  into  its  place,  and 
forced  home  by  a  spanner  and  mallet.  The  machine  is  next  tilted 
up  on  its  trunnions,  that  the  acid  may  run  out  of  the  cylinder  and 
mix  with  the  other  contents  of  the  generator;  and  this  mixture  is 
favoured  by  swinging  the  whole  backwards  and  forwards  for  a  few 
minutes,  after  which  it  may  be  suffered  to  remain  a  little  time 
at  rest. 

The  receiver,  surrounded  with  ice,  is  next  connected  with  the 


46  HEAT. 

generator,  and  both  cocks  are  opened  ;  the  liquefied  carbon  dioxide 
distils  over  into  the  colder  vessel,  and  there  again  m  part  condenses. 
The  cocks  are  now  closed,  the  vessel  is  disconnected,  the  cock  ot  the 
venerator  opened  to  allow  the  contained  gas  to  escape ;  and,  lastly, 
when  the  issue  of  gas  lias  quite  ceased,  the  stop-cock  itself  is  un- 
screwed, and  the  sodium  sulphate  turned  out.  This  operation  must 
be  repeated  five  or  six  times  before  any  considerable  quantity  ot 
liquefied  carbon  dioxide  will  have  accumulated  m  the  receiver. 
When  the  receiver  thus  charged  has  its  stop-cock  opened,  a  stream 


of  the  liquid  is  forcibly  driven  up  the  tube  by  the  elasticity  of  the 
gas  contained  in  the  upper  part  of  the  vessel. 

The  experimenter  incurs  great  personal  danger  hi  using  this 
apparatus,  unless  the  utmost  care  be  taken  in  its  management.  A 
dreadful  accident  occurred  in  Paris  by  the  bursting  of  one  of  the 
iron  vessels. 

Liquid  carbon  dioxide  is  also  very  frequently  prepared  by  means 
of  an  apparatus  constructed  by  Natterer,  of  Vienna,  which  enables 
the  experimentalist  to  work  with  less  risk.  The  gas,  disengaged  by 
means  of  sulphuric  acid  from  acid  potassium  carbonate,  is  pumped 
by  means  of  a  force-pump  into  a  wrought-iron  vessel,  exactly  as  the 
air  is  pumped  into  the  receiver  of  an  air-gun.    When  a  certain 
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pressure  has  been  reached,  the  gas  is  liquefied,  and  if  the  pump- 
ing be  continued,  considerable  quantities  of  the  liquid  carbon 
dioxide  may  be  thus  obtained.  By  this  apparatus  nitrous  oxide 
gas  has  been  condensed  to  a  liquid  without  the  use  of  frigorific 
mixtures. 

Cold  produced  by  Evaporation. — This  effect  has  been  already 
adverted  to :  it  arises  from  the  conversion  of  sensible  heat  into 
latent  by  the  rising  vapour,  and  may  be  illustrated  in  a  variety 
of  ways.  Ether  dropped  on  the  hand  produces  the  sensation 
of  great  cold ;  and  water  contained  in  a  thin  glass  tube,  sur- 
rounded by  a  bit  of  rag,  is  speedily  frozen  when  the  rag  is  kept 
wetted  with  ether. 

When  a  little  water  is  put  into  a  watch-glass,  supported  by  a 
triangle  of  wire  over  a  shallow  glass  dish  of  sulphuric  acid  placed  on 
the  plate  of  a  good  air-pump,  the 
whole  covered  with  a  low  receiver, 

Fig.  28. 

and  the  air  withdrawn  as  perfectly 
as  possible,  the  water  is  in  a  few 
minutes  converted  into  a  solid  mass 
of  ice.  The  absence  of  the  impedi- 
ment of  the  air.  and  the  rapid 
absorption  of  watery  vapour  by  the 
oil  of  vitriol,  induce  such  quick  evaporation  that  the  water  has 
its  temperature  almost  immediately  reduced  to  the  freezing- 
point. 

The  same  apparatus  is  constantly  used  in  the  laboratory  for 
drying  substances  which  cannot  bear  heating  without  decomposi- 
tion. Frequently  also  the  air-pump  is  dispensed  with,  and  the 
substance  to  be  dried  is  simply  placed  over  a  vessel  containing 
strong  sulphuric  acid,  quicklime,  or  some  other  substance  which 
absorbs  moisture  very  rapidly,  and  covered  over  with  a  bell-jar. 
Such  an  apparatus,  with  or  without  the  air-pump,  is  called  an 
Exsiccator. 

All  means  of  producing  artificial  cold  yield  to  that  derived 
from  the  evaporation  of  the  liquefied  carbon  dioxide  just  men- 
tioned. When  a  jet  of  that  liquid  is  allowed  to  issue  into  the 
air  irom  a  narrow  aperture,  so  intense  a  degree  of  cold  is  produced 
by  the  vaporisation  of  a  part,  that  the  remainder  freezes  to  a  solid, 
and  falls  in  a  shower  of  snow.  By  suffering  this  jet  of  liquid  to 
now  mto  the  metal  box  shown  in  fig.  27,  a  large  quantity  of  the 
solid  oxide  may  be  obtained  ;  it  closely  resembles  snow  in  appear- 
ance, and  when  held  in  the  hand  occasions  a  painful  sensation  of 
cold,  while  it  gradually  disappears.  When  it  is  mixed  with  a 
little  ether,  and  poured  upon  a  mass  of  mercury,  the  latter  is 
almost  instantly  frozen,  and  in  this  way  pounds  of  the  solidified 
metal  may  be  obtained.  The  addition  of  the  ether  facilitates  the 
contact  of  the  carbon  dioxide  with  the  mercury. 

Ine  temperature  of  a  mixture  of  solid  carbon  dioxide  and  ether 
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m  the  air,  measured  by  a  spirit-thermometer,  was  found  to  he 
— 106°  F.,  when  the  same  mixture  was  placed  beneath  the  receiver 
of  an  air-pump,  and  exhaustion  rapidly  made,  the  temperature 
sank  to  -166°  F.  This  was  the  method  of  obtaining  extreme 
cold  employed  by  Faraday  in  his  last  experiments  on  the  lique- 
faction of  gases.  Under  such  circumstances,  the  liquefied  hydri- 
odie  and  hydrobromic  acids,  sulphur  dioxide,  carbon  dioxide, 
nitrogen  monoxide,  hydrogen  sulphide,  cyanogen,  and  ammonia, 
froze  to  colourless  transparent  solids,  and  alcohol  became  thick 
and  oily. 

Determination  of  the  Specific  Gravity  of  Gases  and  Vapours. — To 
determine  the  specific  gravity  of  a  gas,  a  large  glass  globe  is  filled 
with  the  gas  to  be  examined,  in  a  perfectly  pure  and  dry  state, 
having  a  known  temperature,  and  an  elastic  force  equal  to  that  of 
the  atmosphere  at  the  tune  of  the  experiment.  The  globe  so  filled 
is  weighed.  It  is  then  exhausted  at  the  air-pump  as  far  as  pos- 
sible, and  again  weighed.  Lastly,  it  is  filled  with  dry  air,  the 
temperature  and  pressure  of  which  are  known,  and  its  weight  once 
more  determined.  On  the  supposition  that  the  temperature  and 
elasticity  are  the  same  in  both  cases,  the  specific  gravity  is  at 
once  obtained  by  dividing  the  weight  of  the  gas  by  that  of  the 
air. 

The  globe  or  flask  must  be  made  very  thin,  and  fitted  with  a 
brass  cap,  surmounted  by  a  small  but  excellent  stop-cock.  A  deli- 
cate thermometer  should  be  placed  in  the  inside  of  the  globe, 
secured  to  the  cap.  The  gas  must  be  generated  at  the  moment, 
and  conducted  at  once  into  the  previously  exhausted  vessel,  through 
a  long  tube  filled  with  fragments  of  pumice  moistened  with  oil  of 
vitriol,  or  some  other  extremely  hygroscopic  substance,  by  which 
it  is  freed  from  all  moisture.  As  the  gas  is  necessarily  generated 
under  some  pressure,  the  elasticity  of  that  contained  in  the  filled 
globe  will  slightly  exceed  the  pressure  of  the  atmosphere ;  and 
this  is  an  advantage,  since,  by  opening  the  stop-cock  for  a  single 
instant,  when  the  globe  has  attained  an  equilibrium  of  tempera- 
ture, the  tension  becomes  exactly  that  of  the  ah',  so  that  all  baro- 
metrical correction  is  avoided,  unless  the  pressure  of  the  atmosphere 
should  sensibly  vary  during  the  time  occupied  by  the  experiment. 
It  is  hardly  necessary  to  observe  that  the  greatest  care  must  also 
be  taken  to  purify  and  dry  the  air  used  as  the  standard  of  com- 
parison, and  to  bring  both  gas  and  air  as  nearly  as  possible  to  the 
same  temperature,  so  as  to  obviate  the  necessity  of  a  correction,  or 
at  least  to  reduce  almost  to  nothing  the  errors  involved  by  such  a 
process. 

Vapours. — A  large  glass  globe  about  three  inches  in  diameter 
is  taken,  and  its  neck  softened  and  drawn  out  in  the  blowpipe- 
flame,  as  represented  in  fig.  29  ;  this  is  accurately  weighed. 
About  100  grains  of  the  volatile  liquid  are  then  introduced,  by 
gently  warming  the  globe  and  dipping  the  point  into  the  liquid, 
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which  is  then  forced  upwards  by  the  pressure  of  the  air  as  the 
vessel  cools.  The  globe  is  next  firmly  attached  by  wire  to  a 
handle,  in  such  a  manner  that  it  may  be 
plunged  into  a  bath  of  boiling  water  or  heated 
oil,  and  steaddy  held  with  the  point  projecting 
upwards.  The  bath  must  have  a  temperature 
considerably  above  that  of  the  boiling  point 
of  the  liquid.  The  latter  becomes  rapidly 
converted  into  vapour,  which  escapes  by  the 
narrow  orifice,  chasing  before  it  the  air  of 
the  globe.  When  the  issue  of  vapour  has 
wholly  ceased,  and  the  temperature  of  the 
bath  appears  pretty  uniform,  the  open  ex- 
tremity of  the  point  is  hermetically  sealed  by 
a  small  blowpipe-flame.  The  globe  is  removed 
from  the  bath,  suffered  to  cool,  cleansed  if 
necessary,  and  weighed,  after  which  the  neck  is 
broken  off  beneath  the  surface  of  water  which 
has  been  boiled  and  cooled  out  of  contact  of 
air,  or  (better)  of  mercury.  The  liquid  enters  the  globe,  and,  if 
the  expulsion  of  the  air-  by  the  vapour  has  been  complete,  fills  it ; 
if  otherwise,  an  air-bubble  is  left,  whose  volume  can  be  easily 
ascertauied  by  pouring  the  liquid  from  the  globe  into  a  graduated 
jar,  and  then  refilling  the  globe,  and  repeating  the  same  observa- 
tion. The  capacity  of  the  vessel  is  thus  at  the  same  time  known ; 
and  these  are  all  the  data  required*  An  example  will  render 
the  whole  intelligible. 


Determination  of  the  Vapour-density  of  Acetone. 

31  "61  cubic  inches. 


Capacity  of  globe,  .... 

Weight  of  globe  filled  with  dry  air  at 
52°  F.  and  30-24  inches  barometer,  . 

Weight  of  globe  filled  with  vapour  at 
212°  F.  temp,  of  the  bath  at  the  mo- 
ment of  sealing  the  point,  and  30-24 
inches  barometer,  .... 

Residual  air,  at  45°  F.  and  30-24  inches 
barometer,  .... 


2070-88  grains. 


2076-81  grains. 

0-60  cubic  inches. 


31  ;61  cubic  inches  of  air  at  52°  and  30-24  in.  bar.  =  32  36  cub. 
inches  at  60°  F.  and  30  inch  bar.,  weighing    .     10-035  grains. 

*  Messrs  Playfair  and  Wanklyn  have  described  an  important  modification 
ot  this  process,  whereby  the  densities  of  a  vapour  at  temperatures  below 
ine  boiling  point  of  the  liquid  may  be  determined.  This  object  is  attained 
oy  mixing  the  vapour  of  the  body  with  a  measured  volume  of  a  permanent 
gas-hydrogen,  for  instance.—  Journ.  of  the  Ohm.  Soc.  vol.  xv.  p.  143. 
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Hence,  weight  of  empty  globe,  2070-88  -  10-035   =  2060-845 


0-6  cubic  inch  of  air  at  45°  =  0'8  cub.  inch  at  212°;  weight  of  do. 
by  calculation  =  0'1 91  grain. 

31-61-0-8  =  30-81  cubic  inches  of  vapour  at  212°  and  30*24  in. 
bar.,  which,  on  the  supposition  that  it  ivould  bear  cooling  to  60° 
without  liquefaction,  would,  at  that  temperature,  and  under  a 
pressure  of  30  inch,  bar.,  become  reduced  to  24-18  cubic 
inches. 

Hence, 

Weight  of  globe  and  vapour,      .       .       .     2076-810  grains. 
„        residual  air,        ....  0-191 

2076-619  „ 

Weight  of  globe,   2060-845  „ 

Weight  of  the  2418  cubic  inches  of  vapour,  15-774  „ 
Consequently,  100  cubic  inches  of  such  vapour 

must  weigh   65 -23  „ 

100  cubic  inches  of  air,  under  similar  circiun- 

stances,  weigh  31 '01  „ 

—  —  =2-103,  the  specific  gravity  of  the  vapour  in  question,  air 

Ox  '01 

being  unity. 

Or,  the  weight  of  100  cubic  inches  of  hydrogen  being  2-147  grains, 
.      ^  =30-38  is  the  specific  gravity  of  acetone  vapour  referred  to 
hydrogen  as  unity. 

In  the  foregoing  statement,  we  have,  for  the  sake  of  simplicity, 
omitted  a  correction,  which,  in  very  exact  experiments,  must  not 
be  lost  sight  of,  viz.,  the  expansion  and  change  of  capacity  of  the 
glass  globe  by  the  elevated  temperature  of  the  bath.  The  density 
so  obtained  will  be  always  on  this  account  a  little  too  high. 

The  error  of  the  mercurial  thermometer  at  high  temperatures 
is  in  the  opposite  direction. 

The  preceding  method,  which  is  that  of  Dumas,  is  applicable  to 
the  determination  of  the  vapour-densities  of  all  substances  whose 
boiling  points  are  within  the  range  of  the  mercurial  thermometer, 
that  is  to  say,  not  exceeding  300°  C,  and  therefore  to  nearly  all 
volatile  organic  compounds ;  indeed,  there  are  but  few  such  com- 
pounds which  can  bear  higher  temperatures  without  decomposi- 
tion. But  for  mineral  substances,  such  as  sulphur,  iodine,  volatile 
metallic  chlorides,  &c,  it  is  often  necessary  to  employ  much  higher 
temperatures ;  and  for  such  cases  a  modification  of  the  process  has 
been  devised  by  Deville  and  Troost.  It  consists  in  using  a  globe 
of  porcelain  instead  of  glass,  heating  it  in  the  vapour  of  a  substance 
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whose  boiling  point  is  known  and  constant,  and  sealing  the  globe 
by  the  flame  of  the  oxy-hydrogen  blowpipe.  The  vapours  em- 
ployed lor  this  purpose  are  those  of  mercury,  which  boils  at  350°  C  • 
of  sulphur,  which  boils  at  440° ;  of  cadmium,  boiling  at  860°  •  and 
of  zinc,  boiling  at  1040°.  The  use  of  these  liquids  of  constant 
boiling  pomt  obviates  the  necessity  of  determining  the  temperature 
m  each  experiment,  which  at  such  degrees  of  heat  would  be  verv 
difficult.  J 
In  the  processes  above  described,  the  density  of  a  vapour  is  deter- 
mined by  weighing  the  quantity  of  the  vapour  contained  in  a 
vessel  of  known  capacity.  Another  method,  devised  by  Gay- 
Lussac,  consists  in  ascertaining  the  volume  occupied  by  a  <*iven 
weight  of  substance  when  heated  up  to  a  temperature  considerably 
above  its  boiling  point. 

The  density  of  a  vapour  referred  to  air  as  unity  may  be  con- 
verted into  that  which  it  has  compared  with  hydrogen,  by  dividing 
by  0-06926,  the  specific  gravity  of  hydrogen  referred  to  air  as 
unity. 

SOURCES  OP  HEAT. 

The  first  and  greatest  source  of  heat,  compared  with  which  all 
others  are  totally  insignificant,  is  the  sun.  The  luminous  rays  are 
accompanied  by  heat-rays,  which,  striking  against  the  surface  of 
the  earth,  raise  its  temperature  ;  this  heat  is  communicated  to 
the  air  by  convection,  as  already  described,  air  and  gases  in  general 
not  being  sensibly  heated  by  the  passage  of  the  rays. 

rt.  S6^nd  8T0urce  °/  heat  is  suPP0Sed  to  exist  in  the  interior  of 
the  earth.  It  has  been  observed  that,  in  sinking  mine-shafts, 
bating  for  water  &c,  the  temperature  rises,  in  descending,  at  the 
rate  it  is  ^d  of  about  1°  F.  (#>  C.)  for  every  45  feet,  or  117°  F. 
|B5  U)  per  mile.  On  the  supposition  that  the  rise  continues  at 
the  same  rate,  the  earth,  at  the  depth  of  less  than  two  miles,  would 
have  the  temperature  of  boiling  water  ;  at  nine  miles,  it  would  be 
wm,w  V'  •  at+ ^  or  forty  miles  depth,  all  known  substances 
would  he  m  a  state  of  fusion.* 

inttn^wT  gea,  the  earth  must  be  looked  upon  as  an 

intensely  heated  fluid  spheroid,  covered  with  a  crust  of  solid 
badly  conducting  matter,  cooled  by  radiation  into  space,  and  bear- 
Smi  wd!  .  !  same  proportion  in  thickness  to  the  ignited 
W  ,1;  that  hG  £eU  °f  m  e?8  beal8  t0  ite  fl«iu  contents. 
suffiJ  ,  \  7  \        a"y  °l,1nion  on  this  theory,  it  may  be 

"    i    T7\  ",afc  lfc  18  not  P°sitively  at  variance  with  "any 
Known  fact;  that  the  figure  of  the  earth  is  really  such  as  would 

liflh  St  M«t7  W,el!,at  Gr,ene,,le>  ne»r  Paris,  has  a  depth  of  1774-5  Eng- 
emport'u  ^  of n"'1  '  "'"""'l  Ulu  ch:,lk  UlH,n  to  «ie  sand  beneath.  The 
2  w°  the  ?V!Il"'>  wl»ch  is  exceedingly  abundant,  is  82'  F.  ;  the 
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W°lm%  the  other  sources  of  heat  are  chemical  combination  and 

mechanical  work.  f        ^on  is  a 

The  disengagement  of  heat  in  tue  act  ™  d 
phenomenon  of  the  ntmost  generality    TJec£ant  f  is 

part  of  this  work,  in  connection  witn  tne  ia\s  s  01  cue 
nation. 

d^SS^  produced  appears  to 
be  due°  o  a  Smition  of  heat-capacity  in  the  ^yjeratedupof 
1=  in  the  case  of  a  compressed  gas  just  alluded  to.  MalleaDie 
^nXls  also  as  l  and  copper,  which  become  heated  hyhammei> 

aU  found  thereby  to  have  their  densit, 
Sly  increased,  and  their  capacity  for  heat  diminished.   A  sott 
Son  nail  may  be  made  red  hot  by  a  few  dexterous  Hows  on  an 
itfi  experiment  cannot  be  repeated  until  the  metal  ha 
been  — ancl  in  that  manner  restored  to  its  former  physical 

"'tut  the  amount  of  heat  which  can  be  developed  ^chanical 
force  is  in  most  cases,  out  of  all  proportion  to  what  can  e 
amounted  for  in  this  way.    Sir  H.  Davy  melted  two  pieces  of  ce 
bvrnhSng  them  together  in  a  vacuum  at  the  temperature  of  0 
aJd  CoSBnmforf  found  that  the  heat  developed  by  the  bormg 
of  a  brass  cannon  was  sufficient  to  bring  to  the  boiling  point  two 
and  a  half  gallons  of  water,  while  the  dust  or  shavings  of  met* 
the  borer,  weighed  only  a  few  ounces.    In  these  and  all 
caL  the'heat°apreavs'as  a  direct  result  of  the  force  ex- 
rinded  •  the  motion  is  converted  mto  heat. 

1  The  connection  between  heat  and  mechanical  force  appears  s  1 
Inmate  when  it  is  shown  that  they  are  related  by  an  exa<  t 
m°"  P^kwTgiven  quantity  of  the  one  being  always  con- 
nSleintoI 'defmite  amount  of  the  other.  The  first  approxi- 
V  Tetenni  ation  of  this  most  important  numerical  relation  was 
made  by  CoSt  Eumford  in  the  manner  just  alluded  to.    A  brass 
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cylinder  enclosed  in  a  box  containing  a  known  weight  of  water  at 
60°  F.  was  bored  by  a  steel  borer  made  to  revolve  by  horse  power 
and  the  time  was  noted  which  elapsed  before  the  water  was  raised 
to  the  boiling  point  by  the  heat  resulting  from  the  friction.  In 
this  manner  it  was  found  that  the  heat  required  to  raise  the  tem- 
perature of  a  lb.  of  water  by  1°  F.  is  equivalent  to  1034  times  the 
force  expended  in  raising  a  lb.  weight  one  foot  high,  or  to  1034 
"foot-lbs.,"  as  it  is  technically  expressed.  This  estimate  is  now 
known  to  be  too  high,  no  account  having  been  taken  of  the  heat 
communicated  to  the  containing  vessel,  or  of  that  which  was  lost 
by  dispersion  during  the  experiment. 

For  the  most  exact  determinations  of  the  mechanical  equivalent 
of  heat  we  are  indebted  to  the  careful  and  elaborate  researches  of 
Dr  J.  P.  Joule.  From  experiments  made  in  the  years  1840-43  on 
the  relations  between  the  heat  and  mechanical  power  generated  by 
the  electric  current,  Dr  Joule  was  led  to  conclude  that  the  heat  re- 
quired to  raise  the  temperature  of  a  lb.  of  water  1°  F.  is  equiva- 
lent to  838  foot-lbs.  This  he  afterwards  reduced  to  772  ;  and  a 
nearly  equal  result  was  afterwards  obtained  by  experiments  on 
the  condensation  and  rarefaction  of  gases ;  but  this  estimate  has 
since  been  found  to  be  likewise  too  great. 

The  most  trustworthy  results  are  obtained  by  measuring  the 
quantity  of  heat  generated  by  the  friction  between  solids  and 
liquids.  It  was  for  a  long  time  believed  that  no  heat  was  evolved 
by  the  friction  of  liquids  and  gases.  But  in  1842  Meyer  showed 
that  the  temperature  of  water  may  be  raised  22°  or  23°  F.  by 
agitating  it.  The  warmth  of  the  sea  after  a  few  days  of  stormy 
weather  is  also  probably  an  effect  of  fluid  friction. 

The  apparatus  employed  by  Dr  Joule  for  the  determination  of 
this  important  constant,  by  means  of  the  friction  of  water,  consisted 
ot  a  brass  paddle-wheel  fur- 
nished with  eight  sets  of  re- 
volving vanes,  working  be- 
tween four  sets  of  stationary 
vanes.  This  revolving  appa- 
ratus, of  which  fig.  30  shows 
a  horizontal,  and  fig.  31  a 
vertical  section,  was  firmly 
fitted  into  a  copper  vessel 
(see  fig.  32)  containing  water, 
in  the  lid  of  which  were  two 
Hecks,  one  for  the  axis  to 
revolve  in  without  touching, 
me  other  f,,v  the  insertion  of 
P  thermometer.  A  similar 
gpparatus,  but  made  of  iron, 

tod  of  smaller  size,  having  six  rotatory  and  eight  sets  of  stationary 
vanes,  was  used  for  the  experiments  on  the  friction  of  mercury. 


Fig.  30. 


Fig.  31. 
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The  apparatus  for  the  friction  of  cast-iron  consisted  of  a  vertiad 
axis  carrying  a  bevelled  east-ixon  wheel,  against  which  a  bevelleo. 
Xel  wis  pressed  hy  a  lever.  The  wheels  were  enclosed  m  a 
1st  ton  veLel  filled  with  mercury,  the  axis  passing  through  the 
lid  In  each  apparatus  motion  was  given  to  the  axis  I  j  me 
descent  of  leaded  weights  „  (fig.  ^^.JjS? 
the  axis  of  two  wooden  pulleys,  one  of  whi  ch  i  g*w^f  ttoi 
axes  being  supported  on  friction  wheels  cl  d,  and  the  pulleys  bemD 


Fig  32. 


connected  by  fine  twine  with  a  wooden  roller  r,  which,  by  means 
of  a  pin,  could  be  easily  attached  to  or  removed  from  the  friction 

aPThe  mode  of  experimenting  was  as  follows  :— The  temperature 
of  the  fiictional  apparatus  having  been  ascertained,  and  the  weights 
wound  up,  the  roller  was  fixed  to  the  axis,  and  the  precise  height 
of  the  weights  ascertained  ;  the  roller  was  then  set  at  liberty,  and 
allowed  to  revolve  till  the  weights  touched  the  floor.    The  roller 
was  then  detached,  the  weights  wound  up  again,  and  the  taction 
renewed.    This  having  been  repeated  twenty  times,  the  experi- 
ment was  concluded  with  another  observation  of  the  temperature 
of  the  apparatus.    The  mean  temperature  of  the  apartment  was 
ascertained  by  observations  made  at  the  beginning,  middle,  and 
end  of  each  experiment.    Corrections  were  made  for  the  effects  oi 
radiation  and  conduction ;  and,  in  the  experiments  with  water,  for 
the  quantities  of  heat  absorbed  by  the  copper  vessel  and  the 
paddle-wheel.    In  the  experiments  with  mercury  and  cast-iron, 
the  heat-capacity  of  the  entire  apparatus  was  ascertained  by 
nWvvin"  the  heating  effect  which  it  produced  on  a  known 
mvratityof  water  in  which  it  was  immersed.    In  all  the  experi- 
ments corrections  were  also  made  for  the  velocity  with  which  the 
weights  came  to  the  ground,  and  for  the  taction  and  rigidity  o, 
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the  strings.  The  thermometers  used  were  capable  of  indicating  a 
variation  of  temperature  as  small  as  ^  of  a  degree  Fahrenheit. 

The  following  table  contains  a  summary  of  the  results  obtained 
by  this  method.  The  second  column  gives  the  results  as  they 
were  obtained  iu  air ;  in  the  third  column  the  same  results  cor- 
rected for  a  vacuum : — 

Material 
employed. 

Water, 
Mercury, 

Cast-iron,  . 

In  the  experiments  with  cast-iron,  the  friction  of  the  wheels  pro- 
duced a  considerable  vibration  of  the  framework  of  the  apparatus, 
and  a  loud  sound  ;  it  was  therefore  necessary  to  make  allowance 
for  the  quantity  of  force  expended  in  producing  these  effects.  The 
number  772-692,  obtained  by  the  friction  of  water,  is  regarded  as 
the  most  trustworthy ;  but  even  this  may  be  a  little  too  high  ; 
because  even  in  the  friction  of  fluids  it  is  impossible  entirely  to 
avoid  vibration  and  soimd.  The  conclusions  deduced  from  these 
experiments  are — 

1.  That  the  quantity  of  heat  produced  by  the  friction  of  bodies, 
whether  solid  or  liquid,  is  always  proportional  to  the  force  expended. 

2.  TJiat  the  quantity  of  heat  capable  of  increasing  the  temperature 
of  I  lb.  of  water  (weighed  in  vacuo,  and  between  55°  and  60°)  by  1°  F., 
requires  for  its  evolution  the  expenditure  of  a  mechanical  force  repre- 
sented by  the  fall  of  772  lbs.  tlvrough  the  space  of  1  foot. 

Or,  the  heat  capable  of  increasing  the  temperature  of  1  gram  of 
water  by  1°  C.,is  equivalent  to  a  force  represented  by  the  fall  of  423-65 
grams  through  the  space  of  1  meter.  This  is  consequently  the  effect 
of  "  a  unit  of  heat."  "  *" 

Experiments  made  by  other  philosophers  on  the  work  done  by 
a  steam-engine,  on  the  heat  evolved  by  an  electro-magnetic  engine 
at  rest  and  m  motion,  and  on  the  heat  evolved  in  the  circuit  of  a 
voltaic  battery  and  in  a  metallic  wire  through  which  an  electric 
current  is  passing,  have  given  values  for  the  mechanical  equivalent 
01  heat  very  nearly  equal  to  the  above. 


Equivalent 
in  air. 

773-  640 
f  773-762 
1776-303 
j  776-997 

774-  880 


Equivalent 
in  vacuum. 

772-692 
772-814  ) 

775-  352  | 

776-  045  ) 
774-930 


Mean. 
772-692 
774-083 

774-9S7 


DYNAMICAL  THEORY  OP  HEAT. 

.  For  a  very  long  time  two  rival  theories  have  been  held  regard- 
ing the  nature  of  heat :  on  the  one  hand,  heat  has  been  viewed  as 
having  a  material  existence,  though  differing  from  ordinary  matter 
m  being  without  weight,  and  in  other  respects;  on  the  other 
nand,  it  has  been  regarded  as  a  state  or  condition  of  ordinary  mat- 
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ter  and  generally  as  a  condition  of  motwn.    From  the  latter  part 
of  the  a«t  century,  until  the  modern  researches  upon  the  mecha- 
Scal  equivalent,  the  former  view  had  by  far  the  greater  number  of 
Its  popularity  may  be  chiefly  traced  to  the  teaching 
of  B  ack  and  Lavoisier.    By  the  former  of  these  philosophers  the 
2 k4jSritate  heat/or  specific  heats,  of  different  bodies, 
leem  to  hive  been  regarded  as  analogous  to  the  various  propor- 
tions of  the  same  aeid  required  to  neutralise  equal  quantities  of 
Sent  bases,  while  the  solid,  liquid,  and  gaseous  states  were  ex- 
plained by  Black  as  representing  so  many  .distinct  proportions 
n  which  heat  was  capable  of  combining  with  ordinary  matter 
Very  similar  views  were  advocated  by  Lavoisier  :  he  regarded  all 
gases  as  compounds  of  a  base  characteristic  of  each  ^  calonc 
and  supposed  that  when,  as  the  result  of  chetnica faction  they 
assumed  the  liquid  or  solid  state,  this  caloric  was  set  free,  and  ap- 
peared as  sensible  heat.  ,  , 

Heat  was  compared  by  these  philosophers  to  a  mater  al  sub- 
stance, in  order  to  explain  its  then  known  quantitative  relations ; 
and  from  this  point  of  view  the  conception  introduced  by  them 
had  the  great  advantage  of  being  more  easily  grasped  than  any 
which  the  advocates  of  the  immaterial  nature  of  heat  had  to  otter 
in  its  place.  It  was  much  easier  to  conceive  of  definite  quantities 
of  an  exceedingly  subtile  substance  or  fluid,  than  of  definite  quan- 
tities of  motion,  which  was  itself  undefined  as  to  its  nature,  it 
was  a  direct  consequence  of  the  material  view,  that  heat  should  be 
considered  as  indestructible  and  as  incapable  of  being  produced, 
and  therefore  that  the  total  quantity  of  heat  in  the  universe  should 
be  regarded  as  at  all  times  the  same. 

But  on  the  other  hand,  this  hypothesis  did  not  aftord  a  satis- 
factory explanation  of  the  production  of  heat  by  mechanical 
means.    Here  it  was  not  easy  to  deny  the  actual  generation  ot 
heat  or  to  explain  the  effects  as  depending  merely  on  its  altered 
distribution.    Nevertheless,  the  evolution  of  heat  by  friction  and 
percussion  was  generally  considered,  by  the  advocates  of  the  mate- 
rial view,  as  in  some  way  resulting  from  a  dimiiiution  in  the  capa- 
cities for  heat  of  the  bodies  operated  upon ;  and  this  explanation 
derived  considerable  support  from  the  remark,  made  by  Black, 
that  a  piece  of  soft  iron,  which  has  been  once  made  red  hot  by 
hammering  (see  p.  52),  cannot  be  so  heated  a  second  tune  until  it 
has  been  heated  to  redness  in  a  fire  and  allowed  to  cool.    In  this 
case  certainly,  it  seemed  as  though  the  hammering  forced  out 
heat  from  the  mass  of  iron,  like  water  from  a  sponge,  and  that  a 
fresh  supply  was  taken  up  when  the  iron  was  put  in  the  nre. 
This  explanation,  however,  did  not  satisfy  Eumford,  who,  in  the 
investigation  described  above,  made  direct  experiments  upon  the 
snecific  heat  of  the  chips  of  metal  detached  by  the  friction,  and 
found  it  to  be  identical  with  that  of  brass  under  ordinary  circum- 
stances    Still  more  decisive  proof  that  the  heat  generated  by 
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friction  cannot  be  ascribed  to  a  diminution  of  specific  heat  in  the 
substances  operated  on  was  afforded  by  Davy's  experiment  on  the 
liquefaction  of  ice  by  friction ;  for  in  this  case  the  ice  was  con- 
verted into  a  liquid  having  twice  the  specific  heat  of  the  ice  itself. 
Hence  Davy*  drew  the  conclusion  that,  "  The  immediate  cause  of 
the  phenomena  of  heat  is  motion,  and  the  laws  of  its  communica- 
tion are  precisely  the  same  as  the  laws  of  the  commimication  of 
motion." 

The  mechanical,  or  dynamical  theory,  which  regarded  heat  as 
consisting  in  a  state  of  molecular  motion,  cannot  however  be  said 
to  have  been  definitely  established,  until  it  also  was  made  quanti- 
tative,— until  it  was  shown  that  exact  numerical  laws  regidate  the 
production  of  heat  by  work  or  of  work  by  heat,  equally  with  its 
production  during  solidification  and  disappearance  during  fusion. 

To  illustrate  the  general  nature  of  the  dynamical  theory  of  heat, 
we  give  an  outline  of  the  view  of  the  constitution  of  gases,  first 
put  forward,  in  its  present  form,  by  Joule  ;t  and  subsequently 
developed  by  Kr6nig,J  and  Clausius,§  and  of  the  explanation  of 
the  relations  existing  between  solids,  liquids,  and  gases,  which  has 
been  deduced  from  it  by  the  last-named  philosopher. 

First,  then,  it  is  assumed  that  the  particles  of  all  bodies  are  in 
constant  motion,  and  that  this  motion  constitutes  heat,  the  land 
and  quantity  of  motion  varying  according  to  the  state  of  the  body, 
whether  solid,  liquid,  or  gaseous. 

In  gases,  the  molecules — each  molecule  being  an  aggregate  of 
atoms— are  supposed  to  be  constantly  moving  forward  in  straight 
lines,  and  with  a  constant  velocity,  till  they  impinge  against  each 
other,  or  against  an  impenetrable  wall.  This  constant  impact  of 
the  molecules  produces  the  expansive  tendency  or  elasticity  which 
is  the  peculiar  characteristic  of  the  gaseous  state.  The  rectilinear 
movement  is  not,  however,  the  only  one  with  which  the  particles 
are  affected.  For  the  impact  of  two  molecules,  unless  it  takes 
place  exactly  in  the  line  joining  their  centres  of  gravity,  must  give 
rise  to  a  rotatory  motion ;  and,  moreover,  the  ultimate  atoms  of 
which  the  molecules  are  composed  may  be  supposed  to  vibrate 
Jnthin  certain  limits,  being,  in  fact,  thrown  into  vibration  by  the 
nn]. act  of  the  molecules.  This  vibratory  motion  is  called  by 
UausiuH,  the  motion  of  the  constituent  atoms.  The  total  quantity 
"';lt  111  the  gas  is  made  up  of  the  progressive  motion  of  the 
molecules,  together  with  the  vibratory  and  other  motions  of  the 
constituent  atoms;  but  the  progressive  motion  alone,  which  is  the 
Cause  of  the  expansive  tendency,  determines  the  temperature. 
■Now,  the  outward  pressure  exerted  by  the  gas  against  the  contain- 
in--  en  velope  arises,  according  to  the 'hypothesis  under  considera- 
tion, from  the  impact  of  a  great  number  of  gaseous  molecules 


*  "Elements  of  Chemical  Philosophy,  1812,  pp.  94,  95. 
t  Ann.  Ch,  Phys.  [3]  1.  381.     %  Pogg.  Ann!  xcix.  315. 
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against  the  sides  of  the  vessel.  But  at  any  given  temperature, 
that  is,  with  any  given  velocity,  the  number  of  such  impacts  taking 
place  in  a  given  time  must  vary  inversely  as  the  volume  ot  the 
£ven  quantity  of  gas :  hence  the  pressure  varies  inversely  as  the 
volume  or  directly  as  the  density,  which  is  Boyle's  law. 

When  the  volume  of  the  gas  is  constant,  the  pressure  resulting 
from  the  impact  of  the  molecules  is  proportional  to  the  sum  ol the 
masses  of  all  the  molecules  multiplied  into  the  squares  ol  their 
velocities  :  in  other  words,  to  the  so-called  vis  viva  or  working  force 
of  the  progressive  motion.  If,  for  example,  the  velocity  be 
doubled,  each  molecule  wiU  strike  the  sides  of  the  vessel  with  a 
two-fold  force,  and  its  number  of  impacts  in  a  given  tune  will  also 
be  doubled :  hence  the  total  pressure  will  be  quadrupled 

Now,  we  know  that  when  a  given  quantity  of  any  perfect  gas  is 
maintained  at  a  constant  volume,  it  tends  to  expand  by  ^  ol  its 
bulk  at  zero  for  each  degree  centigrade.  Hence  the  pressure  or 
elastic  force  increases  proportionally  to  the  temperature  reckoned 
from— 273°  C;  that  is  to  say,  to  the  absolute  temperature.  Con- 
sequently, the  absolute  temperature  is  proportional  to  the  working 
force  of  the  progressive  motion. 

Moreover,  as  the  motions  of  the  constituent  particles  _  ol  a  gas 
depend  on  the  manner  in  which  its  atoms  are  united,  it  follows 
that  in  any  given  gas  the  different  motions  must  be  to  one  another 
in  a  constant  ratio  ;  and,  therefore,  the  vis  viva  or  working  force  ol 
the  progressive  motion  must  be  an  aliquot  part  of  the  entire  work- 
in^  force  of  the  gas :  hence  also  the  absolute  temperature  is  pro- 
portional to  the  total  working  force  arising  from  aU  the  motions  ol 
the  particles  of  the  gas. 

From  this  it  foUows  that  the  quantity  of  heat  which  must  be 
added  to  a  gas  of  constant  volume  in  order  to  raise  its  temperature 
by  a  given  amount,  is  constant  and  independent  of  the  tempera- 
ture &In  other  words,  the  specific  heat  of  a  gas  referred  to  a  given 
volume  is  constant,  a  result  which  agrees  with  the  experiments  ol 
Regnault,  mentioned  at  p.  31.     This  result  may  be  otherwise 
expressed,  as  follows  -.—The  total  or  working  force  of  the  gas  is  to 
the  working  force  of  the  progressive  motion  of  the  nwlecules,  which  is 
the  measure  of  the  temperature,  in  a  constant  ratio.    This  ratio  is 
different  for  different  gases,  and  is  greater  as  the  gas  is  more  com- 
plex in  its  constitution ;  in  other  words,  as  its  molecules  are  made 
up  of  a  neater  number  of  atoms.    The  specific  heat  referred  to  a 
constant0  pressure  is  known  to  differ  from  the  true  specific  heat 
only  by  a  constant  quantity. 

The  relations  just  considered  between  the  pressure,  volume,  and 
temperature  of  gases,  presuppose,  however,  certain  conditions  of 
molecular  constitution,  which  are,  perhaps,  never  rigidly  iuliille.l : 
and  accordingly,  the  experiments  of  Magnus  and  Regnault  show 
/  '2'7n  that  °ases  do  exhibit  slight  deviations  from  Gay-Lussac 
id  Boyle's  laws    What  the  conditions  are  which  strict  adherence 
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to  these  laws  would  require,  will  he  hetter  understood  by  con- 
sidering the  differences  of  molecular  constitution  which  must  exist 
in  the  solid,  liquid,  and  gaseous  states. 

A  movement  of  molecules  must  be  supposed  to  exist  in  all  three 
states.  In  the  solid  state,  the  motion  is  such  that  the  molecules 
oscillate  about  certain  positions  of  equilibrium,  which  they  do  not 
quit,  unless  they  are  acted  upon  by  external  forces.  This  vibra- 
tory motion  may,  however,  be  of  a  very  complicated  character. 
The  constituent  atoms  of  a  molecule  may  vibrate  separately,  the 
entire  molecules  may  also  vibrate  as  such  about  their  centres  of 
gravity,  and  the  vibrations  may  be  either  rectilinear  or  rotatory. 
Moreover,  when  extraneous  forces  act  upon  the  body,  as  in  shocks, 
the  molecules  may  permanently  alter  their  relative  positions. 

In  the  liquid  state,  the  molecules  have  no  determinate  positions 
of  equilibrium.  They  may  rotate  completely  about  their  centres 
oi  gravity and  may  also  move  forward  into  other  positions.  But 
the  repulsive  action  arising  from  the  motion  is  not  strong  enough 
to  overcome  the  mutual  attraction  of  the  molecules,  and  separate 
them  completely  from  each  other.  A  molecule  is  not  permanently 
associated  with  its  neighbour's,  as  in  the  solid  state ;  it  does  not 
leave  them  spontaneously,  but  only  under  the  influence  of  forces 
exerted  upon  it  by  other  molecules,  with  which  it  then  comes  into 
the  same  relation  as  with  the  former.  There  exists,  therefore,  in 
the  liquid  state,  a  vibratory,  rotatory,  and  progressive  movement 
of  the  molecules,  but  so  regulated,  that  they  are  not  thereby  forced 
asunder,  but  remain  withiu  a  certain  volume  without  exerting  any 
outward  pressure. 

In  the  gaseous  state,  on  the  other  hand,  the  molecules  are 
removed  quite  beyond  the  sphere  of  their  mutual  attractions,  and 
travel  onward  in  straight  lines  according  to  the  ordinary  laws  of 
motion  When  two  such  molecules  meet,  they  fly  apart  from  each 
other,  for  the  most  part  with  a  velocity  equal  to'that  with  which 
they  came  together.  The  perfection  of  the  gaseous  state,  however, 
implies :— 1.  That  the  space  actually  occupied  by  the  molecules  of 
the !  gas  be  infinitely  small  in  comparison  with 'the  entire  volume 
oi  the  gas ;  2.  That  the  time  occupied  in  the  impact  of  a  molecule, 
eatJier  against  another  molecule  or  against  the  sides  of  the  vessel, 
oe  infinitely  small  in  comparison  with  the  interval  between  any 
two  impacts;  3;  That  the  influence  of  the  molecular  forces  be 
lrmmt,-  y  small.  When  these  conditions  are  not  completely  ful- 
iii  icn.  the  gas  partakes  more  or  less  of  the  nature  of  a  liquid,  and 
«nitats  certain  deviations  from  Gay-Lussac  and  Boyle's  laws, 
•-nich  ,H,  indeed,  the  case  with  all  known  gases;  to  a  very  slight 
ratentwith  those  which  have  not  yet  been  reduced  to  the  liquid 
state;  but  to  a  greater  extent  with  vapours  and  condensable  gases, 
Specially  near  the  points  of  condensation. 

Liet  us  now  return  to  the  consideration  of  the  liquid  slate.  It 
uas  been  said  that  the  molecule  of  a  liquid,  when  it  lea  ves  those 


60  HEAT. 


with  which  it  is  associated,  ultimately  takes  up  a  similar  posit  on 
with  regard  to  other  molecules.    This,  however,  does  not  precede 
the  existence  of  cousiderahle  irregularities  m  tbY™Xt  a 
ments.    Now,  at  the  surface  of  the  liquid,  it  may  happen  that  a 
SSe  by  a  peculiar  comhination  of  the  rectilinear,  rotatory,  and 
Sffijr  'movements,  may  be  projected  from  the  -^bounig 
molecules  with  such  force  as  to  throw  it  completely  out  of  tb  i 
sphere  of  action,  before  its  projectile  velocity  can  be  "jgg^j 
the  attractive  force  which  they  exert  upon  it.    The  mol^ule  wi 
then  be  driven  forward  into  the  space  above  the  liquid,  as  u  it 
lelouged  to  a  gas,  and  that  space,  if  originally  empty  will,  m  con- 
sequence of  the  action  just  described,  become  more  and  more  filial 
Sh  these  projected  molecules,  which  will  comport  themselves 
SflrinS  exactly  like  a  gas,  impinghag  and  exertnig  pressure ^ 
the  sides  of  the  envelope.    One  of  these  sides,  however  is  toimed 
by  the  surface  of  the  liquid,  and  when  a  molecule  W£™P»[  • 
this  surface,  it  will,  in  general  not  be  driven  ^^J™ 
bv  the  attractive  forces  of  the  other  molecules.    A  state  ot  eqiuii 
brium,  55  static,  but  dynamic,  will,  therefore  be  atoned  when 
the  number  of  molecules  projected  m  a  given  time  into  the  space 
above  is  equal  to  the  number  which  in  the  same  time  impinge 
upon  and  are  retained  by  the  surface  of  the  liquid.    This  is  the 
p  mess  of  vaporisation.    The  density  of  the  vapour  required  to 
ensure  the  compensation  just  mentioned,  depends  upon  the  rate  at 
S  the  particles  are  projected  from  the  surface  of  the  kquid,  and 
this  again  upon  the  rapidity  of  their  movement  within .the liquid 
that  is  to  say,  upon  the  temperature.    It  is  clear  therefore,  that  the 
density  of  a  saturated  vapour  must  increase  with  he  temperature 
If  the  space  above  the  liquid  is  previously  filled  with  a  gas,  the 
molecules  of  this  gas  will  impinge  upon  the  surface  of  the  liquid 
and  thereby  exert  pressure  upon  it;  but  as  these  gas-molecules 
occupy  but  an  extremely  small  proportion  of  the  space  above  the 
kquid,  the  particles  of  the  kquid  will  be  projected  into  that  space 
almost  as  if  it  were  empty.    In  the  middle  ot  the  kquid,  however 
the  external  pressure  of  the  gas  acts  m  a  different  manner,  ^ere 
also  it  may  happen  that  the  molecules  may  be  separated  with  such 
force  as  to  produce  a  small  vacuum  in  the  midst  of  the ,  liquid 
But  this  space  is  surrounded  on  ak  sides  by  masses  which  afford 
no  nassage  to  the  disturbed  molecules  ;  and  in  order  that  they  may 
increase  to  a  permanent  vapour-bubble,  the  number  of  molecules 
nroieeted  from  the  inner  surface  of  the  vessel  must  be  such  as  to 
Suce  a  pressure  outwards  equal  to  the  external  pressure  tending 
to  compress  the  vapour-bubble.    The  boiling  ol  the  liquid  will, 
^PTefore  be  higher  as  the  external  pressure  is  greater.    _  _ 
According  to  this  view  of  the  process  of  vaporisafron,  it  is  pos 
•1 1  ain't  vapour  may  rise  from  a  solid  as  well  as  from  a  liquid 
1 1'  i  1 1  II  necessarily  follows  that  vapour  must  be  formed 
from  arf  bodies  at  all  temperatures.    The  fore,  which  holds  to- 


HEAT. 


gether  the  molecules  of  a  body  may  be  too  great  to  be  overcome 
by  any  combination  of  molecular  movements,  so  long  as  tbe  tem- 
perature does  not  exceed  a  certain  limit. 

The  production  and  consumption  of  heat  which  accompany  chan  o-es 
in  the  state  of  aggregation,  or  of  the  volume  of  bodies,  are  easily 
explained,  according  to  the  preceding  principles,  by  taking  account 
of  the  toork  done  by  the  acting  forces.  This  work  is  partly  external 
to  the  body,  partly  internal.    To  consider  first  the  internal  work : 

When  the  molecules  of  a  body  change  their  relative  positions, 
the  change  may  take  place  either  in  accordance  with  or  in  opposi- 
tion to  the  action  of  the  molecular  forces  existing  within  the  body. 
In  the  former  case,  the  molecules,  during  the  passage  from  one 
state  to  the  other,  have  a  certain  velocity  imparted  to  them,  which 
is  immediately  converted  into,  heat ;  in  the  latter  case,  the  velocity 
of  their  movement,  and  consequently  the  temperature  of  the  body, 
is  diminished.  In  the  passage  from  the  solid  to  the  liquid  state' 
the  molecules,  although  not  removed  from  the  spheres  of  their 
mutual  attractions,  nevertheless  change  their  relative  positions  in 
opposition  to  the  molecular  forces,  which  forces  have,  therefore,  to 
be  overcome.  In  evaporation,  a  certain  number  of  the  molecules 
are  completely  separated  from  the  remainder,  which  again  implies 
the  overcoming  of  opposing  forces.  In  both  cases,  therefore,  work 
is  done,  and  a  certain  portion  of  the  working  force  of  the  molecules 
that  is,  of  the  heat  of  the  body,  is  lost.  But  when  once  the  perfect 
gaseous  state  is  attained,  the  molecular  forces  are  completely  over- 
come, and  any  further  expansion  may  take  place  without  internal 
work,  and,  therefore,  without  loss  of  heat,  provided  there  is  no 
external  resistance. 

But  in  nearly  all  cases  of  change  of  state  or  volume,  there  is  a 
certain  amount  of  external  resistance  to  be  overcome,  and  a  corre- 
sponding loss  of  heat.  When  the  pressure  of  a  gas,  that  is  to  say 
tne  impart  of  its  atoms,  is  exerted  against  a  moveable  obstacle! 
such  as  a  piston,  the  molecules  lose  just  so  much  of  their  movino- 
power  as  they  have  imparted  to  the  piston,  and,  consequently! 
Enerr  velocity  is  diminished  and  the  temperature  lowered  On  the 
contrary,  when  a  gas  is  compressed  by  the  motion  of  a  piston,  its 
molecules  are  driven  back  with  greater  velocity  than  that  with 
which  they  impinged  on  the  piston,  and,  consequently,  the  tem- 
perature of  the  gas  is  raised. 

When  a  liquid  is  converted  into  vapour,  the  molecules  have  to 
overcome  the  atmospheric  pressure  or  other  external  resistance, 
and  in  consequence  of  this,  together  with  the  internal  work  already 
spoKen  ol,  a  large  quantity  of  heat  disappears,  or  is  rendered  latent, 
cae  quantity  thus  consumed  being,  to  a  considerable  extent,  affected 
Dy  the  external  pressure.  The  liquefaction  of  a  solid  not  being 
aucm.lecl  with  much  increase  of  volume,  involves  but  little  external 
work  ;  nevertheless  the  atmospheric  pressure  does  influence,  to.a 
sunlit  amount,  both  the  latent  heat  of  fusion  and  the  melting  point. 
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Two  views  have  teen  entertained  respecting  the  nature  of  Light 
Sir  Isaac  Newton  imagined  that  luminous  bodies  emit,  or  shoot 
out  infinitely  small  particles  in  straight  lines,  which,  by  penetrat- 
ing' th transparent  /arts  of  the  eye  and  falling  upon  he  nervous 
tissue,  produce  vision.   Other  philosophers  drew  a  parallel  be  veen 
the  properties  of  light  and  those  of  sound,  and  considered  that,  as 
soiuS  s   ertainly  the  effect  of  undulations,  or  httie  waves  pro- 
moted through  elastic  bodies  in  all  directions,  so  light  might  be 
SSng  more  than  the  consequence  of  similar  undulations  trans- 
mS  with  inconceivable  velocity  through  a  highly  elastic. medium 
of  excesSve  tentdty,  filling  all  space,  and  occupying  the  intervals 
betw   rie  particles  of  material  substances.     To  ttos  medium 
they  -ave  the  name  of  ether.    The  wave  hypothesis  of  light  is  at 
present  Generally  adopted.    It  is  in  harmony  with  all  the  known 
Comfna  discovered  since  the  time  of  Newton,  not  a  few  of 
which  were  first  deduced  from  the  undulatory  theory  and  after- 
wards verified  by  experiment.    Several  well-known  facts  are  m 
direct  opposition  to  the  theory  of  emission.  z'z„„ 
A  ray  of  b>ht  emitted  from  a  luminous  body  proceeds  in  a 
Btraight  line,  and  with  extreme  velocity.    Certain  astronomical 
observations  afford  the  means  of  approximating  to  a  knowledge  ot 
this  velocity.    The  satellites  of  Jupiter  revolve  about  the  planet 
in  the  same  manner  as  the  moon  about  the  earth,  and  the  time 
required  by  each  satellite  for  the  purpose  is  exactly  known  from 
its  periodical  entry  into  or  exit  from  the  shadow  of  the  planet. 
The  time  required  by  one  is  only  42  hours.    Romer,  the  astronomer 
of  Copenhagen,  found  that  this  period  appeared  to  be  longer  when 
the  earth,  in  its  passage  round  the  sun,  moved  from  the  planet 
Jupiter;  and,  on  the  contrary,  he  observed  that  the  periodic  tune 
appeared  to  be  shorter  when  the  earth  moved  in  the  direction  to- 
wards Jupiter.    The  difference,  though  very  small  for  a  single 
revolution  of  the  satellite,  increases,  by  the  addition  ot  many 
revolutions,  during  the  passage  of  the  earth  from  its  nearest  to  its 
oreatest  distance  from  Jupiter,  that  is,  in  about  halt  a  year,  tin  it 
amounts  to  16  minutes  and  16  seconds.    Romer  concluded  irom 
this  that  the  light  of  the  sun,  reflected  from  the  satellite,  required 
that  time  to  pass  through  a  distance  equal  to  the  diameter  ot  the 
orbit  of  the  earth  ;  and  since  this  space  is  little  short  ol  200  millions 
of  miles  the  velocity  of  light  cannot  he  less  than  200.000  miles  in 
n  second  of  time.    It  will  be  seen  hereafter  that  this  rapidity  of 
transmissionisrivalledby  that  of  electricity.   Another  astronomical 
phenomenon,  observed  and  correctly  explained  by  Bradley,  the 
tim  of  the  fixed  stars,  leads  to  the  same  result.  Physicists 
£ve !  mo^oyer  sLeeded  in  measuring  the  velocity  of  light  for 
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terrestrial,  and,  indeed,  comparatively  small  distances;  the  results 
ol  these  experiments  essentially  correspond  with  those  oiven  bv 
astronomical  observations.  J 
When  a  ray  of  light  falls  upon  a  boundary  between  two  media  a 
part  ot  it,  and  m  exceptional  cases,  the  whole,  is  reflected  into  the  first 
medium,  whilst  the  other  part  penetrates  into  the  second  medium 
Ihe  law  ol  regular  reflection  is  extremely  simple.    If  a  line  be 

drawn  perpendicular  to  the  surface  upon  which  the  ray  fells,  and 

the  angle  contained  between  the  ray 

and  the  perpendicular  be  measured, 

it  will  be  found  that  the  ray,  after 

reflection,  takes  such  a  com-se  as  to 

make  with  the  perpendicular  an 

equal  angle  on  the  opposite  side  of 

the  latter.  A  ray  of  light,  b,  fall- 
ing at  the  point  p,  will  be  reflected 

in  the  direction  pb',  making  the 

angle  e'pp'  equal  to  the  angle  bpp'  ; 

and  a  ray  from  the  point  r  fallino- 

upon  the  same  spot  will  be  reflected  to  /  in  virtue  of  the  same 

law.    Further,  it  is  to  be  observed  that  the  incidenl  and  reflected 

rays  are  always  contained  in  the  same  normal  plane 

The  same  rule  holds  good  if  the  mirror  be  curved  as  a  nortion 

o°  Itfe  C  P"6  nTg  COnsifW  as  made  a  muEde 
of  little  planes.    Parallel  rays  cease  to  be  so  when  reflected  from 

TfaCeS'  .^coming  divergent  or  convergent  according Z 
the  reflecting  surface  is  convex  or  concave  <^coiuin0  as 

Bodies  with  rough  and  uneven  surfaces,  the  smaUest  Darts  of 

bodies  depends  upon  the  diffused  re- 
flected light. 

It  has  just  been  stated  that  light 
passes  in  straight  lines;  but  this  is  true 
only  so  long  as  the  medium  through 
Which  it  travels  preserves  the  same 
ttensity  and  the  same  chemical  nature- 
when  this  ceases  to  be  the  case,  the 
ray  ol  light  is  bent  from  its  course  into 
a  new  one,  or  is  said  to  be  refracted. 
.  ^et  b  (fig.  34)  be  a  ray  of  light  fall- 
ing tipon  a  plate  of  some  transparent 
substance  with  parallel  sides,  such 
as  a  piece  of  tnick  plate  glass,- 

noncrvsS  ,r!,"W't  '""'"wmeous  material  which  is  either 
;    >  or  crystallises  in  the  regular  system;  and  Let  a 

of  ,  1,      Vi  -nwCt  Wth  the  uPPer  ™ce-    Tl,,  ray,  instead 
toJding  a  straight  course  and  passing  into  thc  glass  in  foe  dire* 


Fig.  34. 
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mirl  issuing  mto  the  air  on  tne  otner  srae,  iu  0 
SS opposite  direction,  so  ^^JS^S™ 
tinuation  of  its  former  track,  provided  th«e  boone  an 
medium  on  the  upper -and ^"Km  a  rafe  to  a 
law  is  ^.^  ^--^y  refractedPtoWS  a  line  perpen- 
densex  medium,  it  is  "  .  and  conver8ely,  when  it  leaves 

dicular  to  the  surface  of  the  latter  •  ^^JV.^  a  mie  perpen- 
a  dense  medium  for  a  rarer  one  it  is  re&aeted  from* 
dicular  to  the  surface  of  the  dense ™^f™ ce£  ^fractioll  .  ^  the 
the  angle  of  iucidence  J  rft?  xafa^d  ^ 

latter,  tt  is  leas.    In  both  cases  ™  ,    .  ^  a  ^ 

i,  m  the  plane  R  A  S,  which  la  tamed  b£  the ttaU m 

sptaa^'^^^^^^Su^  Theangle 

„b&th  *ch  the  ray  *£- «J SOT, 

without  change  of  direction  at  all ; 
and  in  other  positions,  the  retrac- 
tion increases  with  the  obliquity. 

Let  R  represent  a  ray  of  light  tail- 
ing upon  the  surface  of  a  mass  ot 
plate  glass  at  the  point  A.  From 
this  point  let  a  perpendicular  tall 
?    and  he  continued  into  the  new  me- 
dium, and  around  the  same  point, 
as  a  centre,  let  a  circle  he  drawn. 
According  to  the  law  just  stated, 
the  refraction  must  he  towards  the 
perpendicular ;  in  the  direction  A  R , 
for  example.    Let  the  lines  a—a, 
„/    a!  at  right  angles  to  the  perpendicular,  he  drawn,  and  thai 
W&  compared  by  means  of  a  scale  of  equal  parts,  and  noted 
lw  13  will  in  the  case  supposed,  he  in  proportion  of  3  to  2^ 
These hues'  lie  'termed  the  riSl  of  the  angles  of  incidence  and 

tJSft  ^en,  such  as  r;  it  *  refract^ in  the 

?  To  new  a^Me  of  incidence  and  refraction  he  again  compared 
£    wilWiU  be  found  to  bear  to  each  other  fte  proportion  of 
they  will  ^  ed      savin&  tliat  g0  i         the  i}gi  t 

3  ftnm  oi  to  the  other  of  the  same  two  media,  the  rat  m  of 
Sio  is  called  the  ituZax  of  refraction. 
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Different  bodies  possess  different  refractive  powers ;  generally 
speaking,  the  densest  substances  refract  most.  Combustible  bodies 
have  been  noticed  to  possess  greater  refractive  power  than  their 
density  would  indicate,  and  from  this  observation  Sir  I  Newton 
predicted  the  combustible  nature  of  the  diamond  lono-  before  anv 
thing  was  known  respecting  its  chemical  nature. 

The  method  adopted  for  describing  the  comparative  refractive 
power  ol  different  bodies,  is  to  state  the  ratio  borne  by  the  sine 
of  the  angle  of  incidence  in  the  first  medium  at  the  boundary 
oi  the  second,  to  the  sine  of  the  angle  of  refraction  in  this  second 
medium ;  this  is  caUed  the  index  of  refraction  of  the  two  substances  ■ 
it  is  greater  or  less  than  unity,  according  as  the  second  medium  is 
denser  or  rarer  than  the  first.  In  the  case  of  air  and  plate  glass 
the  index  of  refraction  is  1-5.  G 

When  the  index  of  refraction  of  any  particular  substance  is  once 
known,  the  effect  of  the  latter  upon  a  ray  of  light  entering  it  in 
any  position  can  be  calculated  by  the  law  of  sines.  The  following 
table  exhibits  the  indices  of  refraction  of  several  substances,  sup* 
posing  the  ray  to  pass  into  them  from  the  air :— 

Substance3. 

Tabashcer  * 
Ice  . 
Water 
Fluor  spar 
Plate  glass 
Eock-crystal 
Chrysolite 

Bisulphide  of  carbon 


Index  of  refraction. 

1-10 
1-30 


1-34 


40 
50 


1-60 
1-69 
1-70 


Substances.  Index  of  refraction. 

Garnet     .       .  .1-80 
Glass  with  much  oxide 

of  lead  .  .  .1-90 
Zircon  ;  .  .  2'00 
Phosphorus  .  .  2  "20 
Diamond  .  •.  .  2  "50 
Chromate  of  lead  .  3 -00 
Cinnabar         .  .3-20 


Fig.  3G. 


When  a  luminous  ray  enters  a  mass  of  substance  differing  in 
refractive  power  from  the  air,  and  whose  surfaces  are  not  parallel 
it  becomes  permanently  deflected  from 
its  course  and  altered  in  its  direction.  It 
is  upon  this  principle  that  the  properties 
"'  Pnsms  and  lenses  depend.  To  take  an 
example.— Figure  36  represents  a  trian- 
gular prism  of  glass,  upon  the  side  of 
which  the  ray  of  light  r  may  be  supposed 
:"  fall     rhia  ray  will  of  course  be  re- 

5?t^m£?2  p'aSS'  t0,Wards  a  ]ilie  Perpendicular  to  the 
«  ,  ;,;  i"K?  [0m8  hr  Parpendfcu£r  to  the  second 
w        i°  eo      T  H    °  thC  'T  JhG  mult  is  thc  ^flection  a  c  B, 

uptnTl^l  '""S  'S  {l'urUnUM  t0  convcrge  rays  of  light  falling 
'I""1  ^.  and  a  concave  lens  to  separate  thSn  more  wilely  ;  each 

*  A  siliceous  deposit  iu  the  joints  of  the  bamboo. 
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separate  part  of  the  surface  of  the  lens  producing  its  own  indepen- 
dent effect. 

The  light  of  the  sun  and  celestial  bodies  in  general,  as  well  as 
that  of  the  electric  spark  and  of  all  ordinary  flames,  is  of  a  com- 
pound nature.  If  a  ray  of  light  from  any  of  the  sources  mentioned 
he  admitted  into  a  dark  room  by  a  small  hole  in  a  shutter,  or 
otherwise,  and  suffered  to  fall  upon  a  glass  prism  in  the  manner 
shown  in  fig.  37,  it  will  not  only  be  refracted  from  its  straight 
course,  but  will  be  decomposed  into  a  number  of  coloured  rays, 
which  may  be  received  upon  a  white  screen  placed  behind  the 
prism.  When  solar  light  is  employed,  the  colours  are  extremely 
brilliant,  and  spread  into  an  oblong  space  of  considerable  length. 


The  upper  part  of  this  image,  or  spectrum,  will  be  violet  and  the 
lower  red,  the  intermediate  portion,  commencing  from  the  violet, 
being  indigo,  blue,  green,  yellow,  and  orange,  all  graduating  im- 
perceptibly into  each  other.  This  is  the  celebrated  experiment 
of  Sir  Isaac  Newton ;  from  it  he  drew  the  inference  that  white 
light  is  composed  of  seven  primitive  colours,  the  rays  of  which  are 
differently  refrangible  by  the  same  medium,  and  hence  capable  of 
being  thus  separated.  The  violet  rays  are  most  refrangible,  and 
the  red  rays  least.* 

Bodies  of  the  same  mean  refractive  power  do  not  always  equally 
disperse  or  spread  out  the  differently-coloured  rays  to  the  same 
extent ;  because  the  principal  yellow  or  red  rays,  for  instance,  are 
equally  refracted  by  two  prisms  of  different  materials,  it  does  not 
follow  that  the  blue  or  the  violet  will  be  similarly  affected. 
Hence,  prisms  of  different  varieties  of  glass,  or  other  transparent 

*  The  colours  of  natural  objects  are  supposed  to  result  from  the  power 
possessed  by  their  surfaces  of  absorbing  some  of  the  coloured  rays,  while 
they  reflect  or  transmit,  as  the  case  may  be,  the  remainder  of  the  rays. 
Thus  an  object  appears  red  because  it  absorbs  or  causes  to  disappear  the 
yellow  and  blue  rays  composing  the  white  light  by  which  it  is  illuminated. 
Any  colour  which  remains  after  the  deduction  of  another  colour  from  white 
light,  is  said  to  be  complementary  to  the  latter.  Complementary  colours, 
when  acting  simultaneously,  reproduce  white  light.  Thus  in  the  example 
already  quoted,  red  and  green  are  complementary  colours.  The  fact  of 
complementary  colours  giving  rise  to  white  light  may  be  readily  illustrated 
by  mixing  in  appropriate  quantities  a  rose-red  solution  of  cobalt  and  green 
solution  of  nickel ;  the  resulting  liquid  is  nearly  colourless. 
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substances,  give,  under  similar  circumstances,  veiy  different 
spectra,  both  as  respects  the  length  of  the  image,  and  the  relative 
extent  of  the  coloured  bands. 

The  appearance  of  the  spectrum  may  also  vary  with  the  nature 
of  the  source  of  light :  the  investigation  of  these  differences,  how- 
ever, involves  the  use  of  a  more  delicate  apparatus.  Fig.  38 
Shows  the  principle  of  such  an  apparatus,  which  is  called  a  spectro- 
scope. The  light,  passing  through  a  fine  slit,  s,  impinges  upon  a 
flint-glass  prism,  p,  by  which  it  is  dispersed.  The  decomposed 
light  emerges  from  the  prism  in  several  directions  between  r 
(red  rays)  and  v  (violet  rays) ;  and  the  spectrum  thus  produced  is 
observed  by  the  telescope  t,  which  receives  only  part  of  it  at  once ; 
but  the  several  parts  may  be  readily  examined  by  turning  slightly 
either  the  prism  or  the  telescope. 


Fig.  38. 


If  the  solar  spectrum  be  examined  in  this  manner,  numerous 
dark  lines  parallel  with  the  edge  of  the  prism  are  observed.  They 
were  discovered  in  1802  by  Dr.  Wollaston,  and  subsequently  more 
minutely  investigated  by  Fraunhofer.  They  are  generally  known 
as  Fraunhofer's  lines.  These  dark  lines,  which  exist  in  great 
munbers,  and  of  very  varying  strength,  are  irregularly  distributed 
oyer  the  whole  spectrum.  Some  of  them,  in  consequence  of 
their  peculiar  strength  and  their  relative  position,  may  always  be 
easily  recognised  ;  the  more  conspicuous  are  represented  in  fig. 
jJ»»  and  m  the  frontispiece.  The  same  dark  lines,  though  paler, 
and  much  more  difficult  to  recognise,  are  observed  in  the  spectrum 

Fig.  39. 

Bed  Orange.  Yellow.  Orccn.  Blue. 

abc   Id      E  T 


Sun 


Dark  lines. 


of  planets  lighted  by  the  sun  ;  for  instance,  in  the  light  emanat- 
m  trom  Venus.    On  the  other  hand,  the  dark  lines  observed  in 
'"' S|'"' u'lllrl>  »>v.  produced  by  the  light  emanating  from  fixed 
wrs—trom  Sirius,  for  instance—differ  in  position  from  those  pre- 
viously mentioned. 


68 


LIGHT. 


Sources  of  light  which  contain  no  volatile  constituents — incan- 
descent platinum  wire,  for  example — furnish  continuous  spectra, 
exhibiting  no  such  lines.  But  if  volatile  substances  be  present  in 
the  source  of  light,  bright  lines  are  observed  in  the  spectrum, 
which  are  frequently  characteristic  of  the  volatile  substances. 

Professor  Plucker,  of  Bonn,  has  investigated  the  spectra  which 
are  produced  by  the  electric  light  when  developed  in  very  rarefied 
gases.  He  found  the  bright  lines  and  the  dark  stripes  between 
the  lines  varying  considerably  with  different  gases.  When  the 
electric  light  was  developed  in  a  mixture  of  two  gases,  the  spec- 
trum thus  obtained  exhibited  simultaneously  the  pecidiar  spectra 
belonging  to  the  two  gases  of  which  the  mixture  consisted.  When 
the  experiment  was  made  in  gaseous  compounds  capable  of  being 
decomposed  by  the  electrical  cm-rent,  this  decomposition  was  indi- 
cated by  the  spectra  of  the  separated  constituents  becoming  per- 
ceptible. 

Many  years  ago  the  spectra  of  coloured  flames  were  examined 
by  Sir  John  Herschel,  Fox  Talbot,  and  W.  A.  Miller.  Within 
the  last  few  years  results  of  the  greatest  importance  have  been 


p   Fig.  40. 


obtained  by  Kirchhotf  and  Bunsen,  who  have  investigated  the 
spectra  furnished  by  the  incandescence  of  volatile  substances: 
these  researches  have  enriched  chemistry  with  a  new  method  of 
analysis,  the  analysis  by  spectrum  observations.  In  order  to 
recognise  one  of  the  metals  of  the  alkalis  or  of  the  alkaline  earths, 
it  is  generally  sufficient  to  introduce  a  minute  quantity  of  a  mode- 
rately volatile  compound  of  the  metal  on  the  loop  of  a  platinum 
wire  into  the  edge  of  the  very  hot,  but  scarcely  luminous  flame, 
of  a  mixture  of  air  and  coal-gas,  and  to  examine  the  spectrum 
which  is  furnished  by  the  flame  containing  the  vapour  of  the 
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metal  or  its  compound.  Fig.  40  exhibits  the  apparatus  which  is 
used  in  performing  experiments  of  this  description.  The  light  of 
the  flame  in  which  the  metallic  compound  is  evaporated  passes 
through  the  fine  slit  in  the  disc,  s,  into  a  tube,  the  opposite  end  of 
which  is  provided  with  a  convex  lens.  This  lens  collects  the  rays 
diverging  from  the  slit,  and  throws  them  parallel  upon  the  prism, 
p.  The  light  is  decomposed  by  the  prism,  and  the  spectrum  thus 
obtained  is  observed  by  means  of  the  telescope,  which  may  be 
turned  round  the  axis  of  the  stand  carrying  the  prism.  Foreign 
light  is  excluded  by  an  appropriate  covering. 

The  limits  of  this  elementary  treatise  do  not  permit  us  to 
describe  the  ingenious  arrangements  which  have  been  contrived 
for  sending  the  light  from  different  sources  through  the  same 
prism  at  different  heights,  whereby  their  spectra,  the  solar  spec- 
trum, for  instance,  and  that  of  a  flame,  may  be  placed  in  a  parallel 
position,  the  one  above  the  other,  and  thus  be  compared*  The 
spectra  of  flames  in  which  different  substances  are  volatilised  fre- 
quently exhibit  such  characteristically  distinct  phenomena,  that 
they  may  be  used  with  the  greatest  advantage  for  the  discrimina- 
tion of  these  substances.  Thus  the  spectrum  of  a  flame  contain- 
ing sodium  (Na)  exhibits  a  bright  line  on  the  yellow  portion,  the 
spectrum  of  potassium  (K)  a  characteristic  bright  line  at  the  ex- 
treme limit  of  the  red,  and  another  at  the  opposite  violet  limit  of 
the  spectrum.  Lithium  (Li)  shows  a  bright  brilliant  line  in  the 
£ed,  and  a  paler  line  in  the  yellow  portion  ;  strontium  (Sr)  a 
bright  line  in  the  blue,  one  in  the  orange,  and  six  less  distinct 
ones  in  the  red  portion  of  the  spectrum.  The  frontispiece  ex- 
hibits the  most  remarkable  of  the  dark  lines  of  the  solar  spectrum 
(Fraunhofer's  lines),  and  the  position  of  the  bright  lines  in  the 
spectra  of  flames  containing  the  vapours  of  compounds  of  the 
metals  of  the  alkalies  and  alkaline  earths,  also  of  the  metals  thal- 
lium and  indium. 

The  delicacy  of  these  spectral  reactions  is  very  considerable,  but 

unequal  in  the  case  of  different  metals.  The  presence  of  1 

.  .  200,000,000 
gram  of  sodium  m  the  flame  is  still  easily  recognisable  by  the 
bright  yellow  line  in  the  spectrum.  Lithium,  when  introduced 
m  the  form  of  a  volatile  compound,  imparts  to  the  flame  a  red 
colour;  hut  this  coloration  is  no  longer  perceptible  when  a  vola- 
tile sodium  compound  is  simultaneously  present,  the  yellow 
coloration  of  the  flame  predominating  under  such  oircum- 
**""««.  But  wnen  »  mixture  of  one  part  of  lithium  and  1000 
Parts  of  sodium  is  volatilised  in  a  flame,  the  spectrum  of  the 
name  exhibits,  together  with  the  bright  yellow  sodium  line,  like- 
wise the  red  line  characteristic  of  lithium.    The  observation  of 

8r°  t'Ve„arti'='e  "  Spectral  Analysis,"  by  Prof.  Roscoe,  in  Watts'  "  Dic- 
tionary of  Chemistry,"  vol.  i. 
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bright  lines  not  belonging  to  any  of  the  previously  known  bodies 
has  led  to  the  discovery  of  new  elements.  Thus,  Biuisen  and 
Kirchhoff,  when  examining  the  spectrum  of  a  flame  in  which  a 
mixture  of  alkaline  salt  was  evaporated,  observed  some  bright 
lines,  which  could  not  be  attributed  to  any  of  the  known  ele- 
ments, and  were  thus  led  to  the  discovery  of  the  two  new  metals, 
caesium  and  rubidium.  By  the  same  method  a  new  element, 
thallium,  has  been  more  recently  discovered  by  Mr.  Crookes,  and 
another,  called  indium,  by  Reich  and  Richter. 

For  the  examination  of  the  bright  lines  in  the  spectra  of  metals 
the  electric  spark,  passing  between  two  points  of  the  metal  under 
examination,  may  be  conveniently  employed  as  a  source  of  light. 
Small  quantities  of  the  metal  are  invariably  volatilised  ;  and  the 
spectrum  developed  by  the  electric  light  exhibits  the  bright  lines 
characteristic  of  the  metal  employed.  These  lines  were  observed 
by  Wheatstone  as  early  as  1835.  This  method  of  investigation  is 
more  especially  applicable  to  the  examination  of  the  spectra  of  the 
heavy  metals. 

By  a  series  of  theoretical  considerations,  Professor  Kirehhoff  has 
arrived  at  the  conclusion  that  the  spectrum  of  an  incandescent  gas 
is  reversed — i.e.,  that  the  bright  lines  become  dark  lines,  if  there 
be  behind  the  incandescent  gas  a  very  luniinous  source  of  light, 
which  by  itself  furnishes  a  continuous  spectrum.  Kirchhoff  and 
Bunsen  have  fully  confirmed  this  conclusion  by  experiment.  Thus 
a  volatile  lithium  salt  produces,  as  just  pointed  out,  a  very  distinct 
bright  line  in  the  red  portion  of  the  spectrum ;  but  if  bright  sun- 
light, or  the  bght  emitted  by  a  solid  body  heated  to  the  most 
powerful  incandescence,  be  allowed  to  fall  through  the  flame  upon 
the  prism,  the  spectrum  exhibits,  in  the  place  of  this  bright  line, 
a  black  line  similar  in  every  respect  to  Fraunhofer's  lines  in  the 
solar  spectrum.  In  like  maimer  the  bright  strontium  line  is 
reversed  into  a  dark  line.  Kirchhoff  and  Bunsen  have  expressed 
the  opinion  that  all  the  Fraunhofer  lines  in  the  solar  spectrum  are 
bright  lines  thus  reversed.  In  their  conception,  the  sun  is  sur- 
rounded by  a  luminous  atmosphere,  containing  a  certain  number 
of  volatilised  substances,  which  would  give  rise  in  the  spectrum 
to  certain  bright  lines,  if  the  light  of  the  solar  atmosphere  alone 
coidd  reach  the  prism ;  but  the  intense  light  of  the  powerfully 
incandescent  body  of  the  sun  which  passes^  through  the  solar  at- 
mosphere, causes  these  bright  lines  to  be  reversed,  and  to  appeal 
as  dark  lines  on  the  ordinary  solar  spectrum.  Kirchhoff  and 
Bunsen  have  thus  been  enabled  to  attempt  the  investigation  of  the 
chemical  constituents  of  the  solar  atmosphere,  by  ascertaining  the 
elements  which,  when  in  the  state  of  incandescent  vapour,  develop 
bright  spectral  lines,  coinciding  with  Fraunhofer's  lines  in  the 
solar  spectrum.  Fraunhofer's  line  D  (fig.  39)  coincides  most  accu- 
rately with  the  bright  spectral  line  of  sodium,  and  may  be  artifi- 
cial! v  produced  by  reversing  the  latter;  sodium  would  thus  appeal 
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to  be  a  constituent  of  the  solar  atmosphere.  KirchhofF  has  proved, 
moreover,  that  sixty  bright  Lines  perceptible  in  the  spectrum  of 
iron  correspond,  both  as  to  position  and  distinction,  most  exactly 
with  the  same  number  of  dark  lines  in  the  solar  spectrum ;  and, 
accordingly,  he  believes  iron,  in  the  state  of  vapour,  to  be  present 
in  the  solar  atmosphere.  In  a  similar  manner  this  physicist  has 
endeavoured  to  establish  the  presence  of  several  other  elements  in 
the  solar  atmosphere. 

Absorption  Spectra. — The  relative  quantities  of  the  several 
coloured  rays  absorbed  by  a  coloured  medium  of  given  thickness 
may  be  observed  by  viewing  a  line  of  light  through  a  prism  and 
the  coloured  medium ;  the  spectrum  will  then  be  seen  to  be  dimi- 
nished in  brightness  in  some  parts,  and  perhaps  cut  off  altogether 
in  others.  This  mode  of  observation  is  often  of  great  use  in 
chemical  analysis,  as  many  coloured  substances  when  thus  examined 
afford  very  characteristic  spectra,  the  peculiarities  of  which  may 
often  be  distinguished,  even  though  the  solution  of  the  substance 
under  examination  contains  a  sufficient  amount  of  coloured  im- 
purities to  change  its  colour  very  considerably.  The  following 
method  of  making  the  observation  is  given  by  Professor  Stokes.* 

A  small  prism  is  to  be  chosen  of  dense  flint  glass,  ground  to  an 
angle  of  60°,  and  just  large  enough  to  cover  the  eye  comfortably. 
The  top  and  bottom  should  be  flat,  for  convenience  of  holding  the 
prism  between  the  thumb  and  fore-finger,  and  laying  it  down .  on 
a  table,  so  as  not  to  scratch  or  soil  the  faces.  A  fine  line  of  light 
is  obtained  by  making  a  vertical  slit  in  a  board  six  inches  square, 
or  a  little  longer  in  a  horizontal  direction,  and  adapting  to  the 
aperture  two  pieces  of  thin  metal.  One  of  the  metal  pieces  is 
moveable,  to  allow  of  altering  the  breadth  of  the  slit.  About  the 
fiftieth  of  an  inch  is  a  suitable  breadth  for  ordinary  purposes. 
The  board  and  metal  pieces  should  be  well  blackened. 

On  holding  the  board  at  arm's  length  against  the  sky  or  a  lumi- 
nous flame,  the  slit  being,  we  will  suppose,  in  a  vertical  direction, 
and  viewing  the  line  of  light  thus  formed  through,  the  prism  held 
Close  to  the  eye,  with  its  edge  vertical,  a  pure  spectrum  is  obtained 

.;l  proper  azimuth  of  the  prism.  Turning  the  prism  round  its 
axis  alters  the  focus,  and  the  proper  focus  is  got  by  trial.  The 
whole  of  the  spectrum  is  not,  indeed,  in  perfect  focus  at  once,  so 
that  in  scrutinising  one  part  after  another  it  is  requisite  to  turn 
the  prism  a  little.  When  daylight  is  used,  the  spectrum  is  known 
to  be  pure  by  its  showing  the  principal  fixed  lines ;  in  other  cases 
the  focus  is  got  by  the  condition  of  seeing  distinctly  the  other 
objects,  whatever  (bey  may  be,  which  a  re  presented  in  the  spectrum, 
io  observe  the  absorption-spectrum  of  a  liquid,  an  elastic  hand  is 
}!"'  round  the  hoard  near  the  top,  and  a  test-tube  containing  the 
liquid,  ts  slipped  under  the  band,  which  holds  it  in  its  place  behind 


'  Chem.  Soc.  Journ.  xvii.  30G. 


72 


LIGHT. 


the  slit.  The  spectrum  is  then  observed  just  as  before,  the  test- 
tube  being  turned  from  the  eye. 

To  observe  the  whole  progress  of  the  absorption,  different  degrees 
of  strength  must  be  used  in  succession,  beginning  with  a  strength 
which  does  not  render  any  part  of  the  spectrum  absolutely  black, 
unless  it  be  one  or  more  very  narrow  bands,  as  otherwise  the  most 
distinctive  features  of  the  absorption  might  be  missed.  If  the 
solution  be  contained  in  a  wedge-shaped  vessel  instead  of  a  test- 
tube,  the  progress  of  the  absorption  may  be  watched  in  a  continu- 
ous manner  by  sliding  the  vessel  before  the  eye.  Some  observers 
prefer  using  a  wedge-shaped  vessel  in  combination  with  the  slit, 
the  slit  being  perpendicular  to  the  edge  of  the  wedge.  In  this 
case  each  element  of  the  slit  forms  an  elementary  spectrum  corre- 
sponding to  a  thickness  of  the  solution  which  increases  in  a  con- 
tinuous manner  from  the  edge  of  the  wedge,  where  it  vanishes. 
This  is  the  mode  of  observation  adopted  by  Gladstone.* 

Fig.  41  represents  the  effect  produced  in  this  way  by  a  solution 
of  chromic  chloride,  and  fig.  42  that  produced  by  a  solution  of 
potassium  permanganate. 


Fig.  41.  Fig.  42. 


The  right  hand  side  of  these  figures  corresponds  with  the  red  end 
of  the  spectrum ;  the  letters  refer  to  Fraimhofer's  lines.  The 
lower  part  of  each  figure  shows  the  pure  spectrum  seen  through 
the  thinnest  part  of  the  wedge  ;  and  the  progress  of  the  absorption, 
as  the  thickness  of  the  liquid  increases,  is  seen  by  the  gradual 
obliteration  of  the  spectrum  towards  the  upper  part  of  the  figures. 

Fluorescence.— An  examination  into  a  peculiar  mode  of  analysis 
of  light,  discovered  by  Sir  John  Herscliel,  in  a  solution  of  quinine 
sulphate,  has  within  the  last,  few  years  led  to  the  discovery  of  a 
most  remarkable  fact.   Professor  Stokes  has  observed  that  light  of 
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certain  refrangibility  and  colour  is  capable  of  experiencing  a  peculiar 
influence  in  being  dispersed  by  certain  media,  and  of  undergoing 
thereby  an  alteration  of  its  refrangibility  and  colour.  This  curious 
change,  called  fluorescence,  can  be  produced  by  a  great  number  of 
bodies,  both  liquid  and  solid,  transparent  and  opaque.  Frequently 
the  change  affects  only  the  extreme  limits ;  at  other  times  larger 
portions ;  and  in  a  few  cases  even  the  whole,  or,  at  all  events,  the 
major  part  of  the  spectrum.  A  dilute  solution  of  quinine  sulphate, 
for  instance,  changes  the  violet  and  the  dark-blue  light  to  sky- 
blue  ;  by  a  decoction  of  madder  in  a  solution  of  alum  all  rays  of 
higher  refrangibility  than  yellow  are  converted  into  yellow ;  by 
an  alcoholic  solution  of  the  colouring  matter  of  leaves,  all  the  rays 
of  the  spectrum  become  red.  In  all  cases  in  which  this  peculiar- 
phenomenon  presented  itself  in  a  greater  or  less  degree,  Mr.  Stokes 
observed  that  it  consisted  in  a  diminution  of  the  refrangibility. 
Thus,  rays  of  so  high  a  degree  of  refrangibility,  that  they  extend 
far  beyond  the  extreme  limits  of  the  spectrum  visible  under 
ordinary  circumstances,  may  be  rendered  luminoas,  and  converted 
into  blue  and  even  red  light. 

Double  Refraction  and  Polarisation. — A  ray  of  common 
light  made  to  pass  through  certain  crystals  of  a  particular  order  is 
found  to  undergo  a  very  remarkable  change.  It  becomes  split  or 
divided  into  two  rays,  one  of  which  follows  the  general  law  of 
refraction,  while  the  other  takes  a  new  and  extraordinary  course, 
dependent  on  the  position  of  the  crystal.  This  effect,  which  is 
called  double  refraction,  is  beautifully  illustrated  in  the  case 
of  Iceland  spar,  or  crystallised  calcium  carbonate.  On  placing  a 
rhomb  of  this  substance  on  a  piece  of  white  paper  on  which  a  mark 
or  line  has  been  made,  the  object  will  be  seen  double. 

Again,  if  a  ray  of  light  be  suffered  to  fall  on  a  plate  of  glass  at 
an  angle  of  56°  45',  the  portion  of  the 
ray  which  suffers  reflection  will  be  found  Fig.  43. 

to  have  acquired  properties  which  it  did  r 
not  before  possess ;  for  on  throwing  it, 
at  the  same  angle,  upon  a  second  glass 
plate,  it  will  be  observed  that  there  are 
two  particular  positions  of  the  latter, 
namely,  those  in  which  the  planes  of 
incidence  are  at  right  angles  to  one  an- 
other, when  the  ray  of  light  is  no  longer 
reflected,  but  entirely  refracted.  Light 
which  has  suffered  this  change  is  said  to 
be  polarised. 

The  light  which  passes  through  the 
first  or  polarising  plate  is  also,  to  a  cer- 
tain extent,  in  this  peculiar  condition,  and  by  employing  a  series  of 
similar  plates  held  parallel  to  the  first,  this  effect  may  be  greatly 
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increased ;  a  bundle  of  fifteen  or  twenty  such  plates  may  be  used 
with  great  convenience  for  the  experiment.  It  is  to  be  remarked, 
also,  that  the  light  polarised  by  transmission  in  this  manner  is 
in  an  opposite  state  to  that  polarised  by  reflection ;  that  is,  when 
examined  by  a  second  or  analysing  plate,  held  at  the  angle  before 
mentioned,  it  will  be  seen  to  be  reflected  when  the  other  is  trans- 
mitted, and  to  be  dispersed  when  the  first  is  reflected. 

It  is  not  every  substance  that  is  capable  of  polarising  light 
in  this  manner ;  glass,  water,  and  certain  other  bodies  bring 
about  the  change  in  question,  each  having  a  particular  polarising 
angle  at  which  the  effect  is  greatest.  For  each  transparent  sub- 
stance the  polarising  angle  is  that  at  which  the  reflected  ami 
refracted  rays  are  perpendicular  to  each  other.  The  metals  also 
can,  by  reflection,  polarise  the  light,  but  they  do  so  very  imper- 
fectly. The  two  rays  into  which  a  pencil  of  common  light  divides 
itself  in  passing  through  a  doubly-refracting  crystal  are  found  on 
examination  to  be  polarised  in  a  very  complete  manner,  and  also 
transversely,  the  one  being  capable  of  reflection  when  the  other 
vanishes  or  is  transmitted.  The  two  rays  are  said  to  be  polarised 
in  opposite  directions.  With  a  rhomb  of  transparent  Iceland  spar 
of  tolerably  large  dimensions,  the  two  oppositely  polarised  rays 
may  be  widely  separated  and  examined  apart. 

Certain  doubly  refracting  crystals  absorb  the  one  of  these  rays, 
but  not  the  other.  Through  a  plate  of  such  a  crystal  one  ray 
passes  and  becomes  entirely  polarised ;  the  other,  which  is  likewise 
polarised,  but  in  another  plane,  is  removed  by  absorption.  The 
best  known  of  these  media  is  tourmaline.  When  two  plates  of 
this  mineral,  cut  parallel  to  the  axis  of  the  crystal,  are  held  with 
their  axes  parallel,  as  in  fig.  44,  light  traverses  them  both  freely  ; 
but  when  one  of  them  is  turned  round  in  the  maimer  shown  in 
fig.  45,  so  as  to  make  the  axes  cross  at  right  angles,  the  light  is 
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almost  wholly  stopped,  if  the  tourmalines  are  good.  A  plate  of 
the  mineral  thus  becomes  an  excellent  lest  for  discriminating 
between  polarised  light  and  that  which  has  not  undergone  the 
change. 

Some  of  the  most  splendid  phenomena  of  the  science  of  light 
are  exhibited  when  thin  plates  of  doubly  refracting  substances 


LIGHT. 


75 


are  interposed  between  the  polarising  arrangement  and  the 
analyser. 

Instead  of  the  tourmaline  plate,  which  is  always  coloured,  fre- 
quent use  is  made  of  two  Nichol's  prisms,  or  conjoined  prisms  of 
calcium  carbonate,  which,  in  consequence  of  a  peculiar  cutting  and 
combination,  possess  the  property  of  allowing  only  one  of  the 
oppositely  polarised  rays  to  pass.  A  more  advantageous  method 
of  cutting  and  combining  prisms  has  been  given  by  M.  Foucault. 
His  prisms  are  as  serviceable  as,  and  less  expensive  than,  those  of 
NichoL  If  two  Nichol's  or  Foucault's  prisms  be  placed  one  be- 
hind the  other  in  precisely  similar  positions,  the  light  polarised  by 
the  one  goes  through  the  other  unaltered.  But  when  one  prism 
is  slightly  turned  round  in  its  setting,  a  cloudiness  is  produced ; 
and  by  continuing  to  turn  the  prism,  this  increases  until  perfect 
darkness  ensues.  This  happens,  as  with  the  tom-maline  plates, 
when  the  two  prisms  cross  one  another.  The  phenomenon  is  the 
same  with  colourless  as  with  coloured  light. 

Circular  Polarisation. — Supposing  that  polarised  light, 
coloured,  for  example,  by  going  through  a  plate  of  red  glass,  has 
passed  through  the  first  Nichol's  prism,  and  been  altogether  ob- 
structed in  consequence  of  the  position  of  the  second  prism,  then, 
if  between  the  two  prisms  a  plate  of  rock-crystal,  formed  by  a 
section  at  right  angles  to  the  principal  axis  of  the  crystal,  be  inter- 
posed, the  light  polarised  by  the  first  prism  will,  by  passing  through 
the  plate  of  quartz,  be  enabled  partially  to  pass  through  the  second 
Nichol's  prisms.  Its  passage  through  the  second  prism  can  then 
again  be  interrupted  by  turning  the  second  prism  round  to  a  cer- 
tain extent.  The  rotation  required  varies  with  the  thickness  of  the 
plate  of  rock-crystal,  and  with  the  colour  of  the  light  employed. 
It  increases  from  red  in  the  following  order — yellow,  green,  blue, 
violet. 

This  property  of  rock-crystal  was  discovered  by  Arago.  The 
kind  of  polarisation  has  been  called  circular  polarisation.  The 
direction  of  the  rotation  is  with  many  plates  towards  the  right 
hand  ;  in  other  plates  it  is  towards  the  left.  The  one  class  is  said 
to  possess  right-handed  polarisation,  the  other  class  left-handed 
polarisation.  For  a  long  time  quartz  was  the  only  solid  body 
known  to  exhibit  circular  polarisation.  Others  have  since  been 
round  which  possess  this  property  in  a  far  higher  degree.  Thus, 
a  plate  oi  cinnabar  acts  fifteen  times  more  powerfully  than  a  plate 
M  quartz  of  equal  thickness. 

Biot  observed  that  many  solutions  of  organic  substances  exhibit 
the  property  of  circular  polarisation,  though  to  a  far  less  extent 
Pnan  rock-cryatal.  Thus,  solutions  of  cane-sugar,  glucose,  and 
tartaric  acid,  possess  right-handed  polarisation ;  whilst,  albumen, 
tmcrystalKsable  sugar,  and  oil  of  turpentine,  are  left-handed.  In 
all  t  hew;  solutions  the  amount  of  circular  polarisation  increases 
With  the  concentration  of  the  liquid  and  the  thickness  of  the 
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column  through  which  the  light  passes.  Hence ^  rcular  polansa 
tion  is  an  important  auxiliary  in  chemical  analysis.  In ^order  to 
determine  the  amount  of  polarisation  which  any  hquid  exhibit. i 
is  nut  into  a  "lass  tube  not  less  than  from  ten  to  twelve  incnes 
K  which  f  closed  with  glass  plates  This  is  then  placed 
between  the  two  Nichol's  prisms,  winch  have  Previously  been  so 
armn  'ed  with  regard  to  each  other  that  no  bght  could  pass  through. 
In  apparatus  of  this  description,  the  saccharimeter is  used  for 
determining  the  concentration  of  solutions  of  cane-sugar. 

The  form  of  this  instrument  is  shown  m  fig.  46.  The  ho 
NiS's  prisms  are  enclosed  in  the  ^on^gi^^i 
h     Between  the  two  there  is  a  space  to  receive  the  tube,  wnicU  is 


; 

filled  with  the  solution  of  sugar.  If  the  prisms  are  crossed  in  the 
wiv  above  mentioned  before  the  tube  is  put  m  its  place,  that  is,  it 
thev  are.  placed  so  that  no  light  passes  them,  then,  by  the  action  ot 
the  solution  of  sugar,  the  bght  is  enabled  to  pass,  and  the  Nichols 
nii.ni  a must  be  turned  through  a  certain  angle  before  the  bght 
ETSgak  perfectly  stopped.    The  magnitude  of  this  angle  is  ob- 


LIGHT. 


77 


served  on  the  circular  disk  s  s,  which  is  divided  into  degrees,  and 
upon  which,  by  the  turning  of  the  prism,  an  index  z  is  moved 
along  the  division.  When  the  tube  is  exactly  ten  inches  long, 
and  closed  at  both  ends  by  flat  glass  plates,  and  when  it  is  filled 
with  solution  containing  10  per  cent,  by  weight  of  cane-sugar,  and 
free  from  any  other  substance  possessing  an  action  on  light,  the 
angle  of  rotation  for  the  middle  yellow  ray  is  19'6°.  Now,  the 
magnitude  of  this  angle  is  directly  proportional  to  the  length  of 
the  column  of  liquid  and  also  to  the  quantity  of  sugar  in  solution. 
If,  therefore,  a  solution  containing  z  per  cent,  by  weight  of  sugar 
in  a  tube  I  inches  long,  produce  a  rotation  equal  to  a  degrees,  the 
percentage  of  sugar  will  be  given  by  the  equation — 


z 


19-6        10  10 

whence 

100  a 


19-6  I 


This  process  is  not  sufficient  when  the  solution  contains  cane- 
sugar  and  uncrystaUisable  sugar ;  for  the  latter  rotates  the  ray  to 
the  left ;  in  that  case  only  the  difference  of  the  two  actions  is 
obtained.  But  if  the  whole  quantity  of  sugar  be  changed  into  un- 
crystaUisable sugar,  and  the  experiment  be  repeated,  then  from 
the  results  of  the  two  observations  the  quantity  of  both  kinds  of 
sugar  can  easily  be  calculated. 

It  is  difficult  to  find  exactly  that  position  of  the  Nichol's  prisms 
in  which  the  greatest  darkness  prevails.  To  make  the  measure- 
ments more  exact  and  easy,  Soleil  has  made  some  additions  to  the 
apparatus.  At  q,  before  the  prism  b,  a  plate  of  rock-crystal  cut  at 
right  angles  to  the  axis  is  placed.  It  is  divided  in  the  centre  of 
the  field  of  vision,  half  consisting  of  quartz  rotating  to  the  right 
hand,  and  half  of  the  variety  which  rotates  to  the  left ;  it  is  0-148 
inch  (3-75  millimeter)  thick,  this  thickness  being  found  by  experi- 
ment to  produce  the  greatest  difference  in  the  colour  of  the  two 
halves,  when  one  prism  is  slightly  rotated.  The  solution  of  sugar 
has  precisely  the  same  action  on  the  rotation,  since  it  increases  the 
action  of  the  half  which  has  a  right-handed  rotation,  and  lessens 
the  action  of  the  half  which  rotates  to  the  left.  Hence  the  two 
halves  will  assume  a  different  colour  when  the  smallest  quantity 
of  sugar  is  present  in  the  liquid.  By  slightly  turning  the  Nichol's 
prism  a,  this  difference  can  be  again  removed.  Soleil  has  intro- 
duced another  more  delicate  means  of  effecting  this,  at  the  part  I, 
which  he  calls  the  compensator.  The  most  important  parts  of  this 
arc  separately  represented  in  fig.  46.  It  consists  of  two  exactly 
equal  right-angled  prisms,  of  left-handed  quartz,  whose  surfaces, 
c  and  c,  are  cut  perpendicular  to  the  optic  axis.   These  prisms  can, 
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by  means  of  the  screw  v  and  a  rack  and  pinion  be  made  to  slide 
011  one  another,  so  that,  when  taken  together,  they  form  a  plate 
of  varying  thickness,  bounded  by  parallel  surfaces.  One  of  the 
frames  has  a  scale  I,  the  other  a  vernier  n.  When  this  points  to 
zero  of  the  scale,  the  optical  action  of  the  two  prisms  is  exactly 
compensated  by  a  right-handed  plate  of  rock-crystal  so  that  an 
effect  is  obtained  as  regards  circular  polarisation,  as  li  the  whole 
system  were  not  present.  As  soon,  however,  as  the  screw  is 
moved,  and  thus  the  thickness  of  the  plate  formed  by  the  two 
prisms  is  changed  (we  will  suppose  it  increased),  then  a  lett-handed 
action  ensues,  which  must  be  properly  regulated,  until  it  com- 
pensates the  opposite  action  of  a  solution  of  sugar.  Thus  a  con- 
venient method  is  obtained  of  rendering  the  colour  of  the  double 
plate  uniform,  when  it  has  ceased  to  be  so  by  the  action  of  the 
sugar. 

Faraday  has  made  the  remarkable  discovery  that,  if  a  very  strong 
electric  current  be  passed  round  a  substance  which  possesses  the 
property  of  circular  polarisation,  the  amount  of  rotation  is  altered 
to  a  considerable  degree. 

Heating  and  Chemical  Eays  op  the  Solar  Spectrum  — 
The  luminous  rays  of  the  sun  are  accompanied,  as  already  men- 
tioned, by  others  which  possess  heating  powers.  If  the  tempera- 
ture of  the  different-coloured  spaces  in  the  spectrum  be  tried  with 
a  delicate  thermometer,  it  will  be  found  to  increase  from  the  violet 
to  the  red  extremity,  and  when  the  prism  is  of  some  particular 
kinds  of  glass,  the  greatest  effect  will  be  manifested  a  little  beyond 
the  visible  red  rays.  The  position  of  the  greatest  heating  effect  in 
the  spectrum  materially  depends  on  the  absorptive  nature  of  the 
class.  Transparent  though  this  medium  is  to  the  rays  of  light,  it 
nevertheless  absorbs  a  considerable  quantity  of  the  heat  rays. 
Transparent  rock-salt  is  almost  without  absorptive  action  on  the 
thermal  rays.  In  the  spectrum  obtained  by  passing  the  solar  rays 
through  prisms  of  rock-salt,  the  greatest  thermal  effect  is  found 
at  a  position  far  beyond  the  last  visible  red  rays.  It  is  inferred 
from  this  that  the  chief  mass  of  the  heating  rays  of  the  sun  are 
anion"  the  least  refrangible  components  of  the  solar  beam 

A^ain,  it  has  long  been  known  that  chemical  changes  both  of 
combination  and  of  decomposition,  but  more  particularly  the  latter, 
can  be  effected  by  the  action  of  light.  Chlorine  and  hydrogen 
combine  at  common  temperatures  only  under  the  influence  of  light ; 
and  parallel  cases  occur  in  great  numbers  in  organic  chemistry. 
The  blackening  and  decomposition  of  silver  salts  are  familiar  in- 
stances of  the  chemical  powers  of  the  same  agent.  Now,  it  is  not 
always  the  luminous  part  of  the  ray  which  effects  these  changes ; 
they  are  chiefly  produced  by  certain  invisible  rays,  which  accom- 
pany the  others,  and  are  found  most  abundantly  beyond  the  violet 
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part  of  the  spectrum.  It  is  there  that  certain  chemical  effects  are 
most  marked,  although  the  intensity  of  the  light  is  exceedingly 
feeble.  These  chemically  acting  rays  are  sometimes  called  actinic 
rays  (xxrls,  a  ray),  and  the  chemical  action  of  sunlight  is  called 
actinism;  but  these  terms  are  not  very  well  chosen.  The  chemical 
rays  are  thus  directly  opposed  to  the  heating  rays  in  the  common 
spectrum  in  their-  degree  of  refrangibility,  since  they  exceed  all  the 
others  in  this  respect.  The  luminous  rays,  too,  under  peculiar 
conditions,  exert  decomposing  powers  upon  silver  salts.  The 
result  of  the  action  of  any  ray  depends,  moreover,  greatly  on  the 
physical  state  of  the  surface  upon  which  it  falls,  and  on  the  chemi- 
cal constitution  of  the  body ;  indeed,  for  every  kind  of  ray  a  sub- 
stance may  be  found  which  under  particular  circumstances  will  be 
affected  by  it ;  and  thus  it  appears  that  the  chemical  functions 
are  by  no  means  confined  to  any  set  of  rays  to  the  exclusion  of 
the  rest. 

Upon  the  chemical  changes  produced  by  light  is  based  the  art  of 
photography.  In  the  year  1802,  Mr.  Thomas  Wedgwood  proposed 
a  method  of  copying  paintings  on  glass,  by  placing  behind  them 
white  paper  or  leather  moistened  with  a  solution  of  silver  nitrate, 
which  became  decomposed  and  blackened  by  the  transmitted  liaht 
m  proportion  to  the  intensity  of  the  latter ;  and  Davy,  in  repeat- 
ing these  experiments,  found  that  he  could  thus  obtain  tolerably 
accurate  representations  of  objects  of  a  texture  partly  opaque  and 
partly  transparent,  such  as  leaves  and  the  wings  of  insects,  and 
even  copy  with  a  certain  degree  of  success  the  images  of  small 
objects  obtained  by  the  solar  microscope.  These  pictures  how- 
ever, required  to  be  kept  in  the  dark,  and  could  only  be  examined 
by  candle-light,  otherwise  they  became  obliterated  by  the  blacken- 
ing of  the  whole  surface,  from  which  the  salt  of  silver  could  not  be 
removed  These  attempts  at  light-painting  attracted  but  little 
notice  till  the  year  1839,  when  Mr.  Fox  Talbot  published  his  plan 
ot  photogenic  drawing."  This  consisted  in  exposing  in  the 
camera  a  paper  soaked  in  a  weak  solution  of  common  salt,  and 
afterwards  washed  over  with  a  strong  solution  of  nitrate  of  silver ; 
the  image  thus  obtained  was  a  negative  one,  the  light  being  dark 
and  the  shadows  light,  and  the  pictures  were  fixed'  by  immersion 
m  a  solution  of  common  salt. 

Many  improvements  have  been  made  in  this  process.  In  1841 
box  J  albot  patented  the  beautiful  process  known  as  the  "Talbotype 
or  Lalotype  process,"  in  which  the  paper  is  coated  with  silver 
uxnae  by  dipping  it  first  in  silver  nitrate,  then  in  potassium 

Paper  thus  prepared  is  not  sensitive  per  se  to  the  action  of  light, 
our  may  be  rendered  so  by  washing  it  over  with  a  mixture  of  silver 
mtrate  and  gallic  or  acetic  acid.  If  it  be  exposed  to  the  camera 
ten  two  or  three  minutes,  it  does  not  receive  a  visible  image  (unless 
me  light  has  been  very  strong);  but  still  the  compound  has  under- 
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gone  a  certain  change  by  the  influence  of  the  ^J*^"^ 
auentlv  washing  it  over  with  the  mixture  ot  silver  nitrate  and 
S  Sic  acid,  and  gently  wanning  it,  a  nega^ image cornea 
out  on  it  with  great  distinctness.  This  image  is  fixed  by  washmg 
SSe  lier  withVhum  hyposulphite,  which  removes  ^whole  of 
the  silver  iodide  not  acted  upon  by  the  light  ^  thusprotecte 
the  picture  from  further  change  by  exposure  to  light.  1  lie  nega 
tive  Sclure  thus  obtained  is  rendered  transparent  by  placing  it 
between  two  sheets  of  blotting-paper  saturated  with  white  wax, 
and  Sin*  a  moderately  heated  snioothing-iron  over  the  whole. 
I  may  then  be  used  for  printing  positive  pictures  by  laying  it  on  a 
SeTof  paper  prepared  with  chloride  or  iodide  of  silver  and  expos- 


tm«t  step  in  the  progress  at  photography  *  the 
substitotion  of  a  transparent  film  of  iodised  collodion  or  albu- 
men ^read  upon  glass,  for  the  iodised  paper  used  ^  Mtoft 
process  to  receive  the  negative  image  m  the  camera.    Ine  process 
£  thus  rendered  so  much  more  certain  and  rapid,  and  the  positive 
mZes  obtained  by  transferring  the  negative  to  paper  prepared 
fflldS  or  iodide  of  silverware  found  to  be  so  much  sharper 
n  outline  than  when  the  transference  occurs  through  paper,  as  m 
tL  Sotype  process,  that  this  method  is  now  universally  em- 
pWd     In  tMs  process,  as  in  that  of  the  Calotype  the  image 
Sliced  in  the  camera  is  a  latent  one,  and  requires  development 
S  substances  such  as  pyrogallic  acid,  or  ferrous  sulphate^  wMj 
having  a  tendency  to  absorb  oxygen,  induce,  m  presence  of  silver 
2  the  reduction  of  the  chloride  or  iodide  to  the  metallic 
£       For  a  description  of  the  best  apparatus  and  latest  processes 
used  iu  the  collodion  method,  the  reader  may  consult  Hardwichs 
"  Manual  of  Photographic  Chemistry."  ' 
Sir  John  Herschel  has  shown  that  a  great  number  of  other  sub- 
stances can  be  employed  in  these  photographic  processes  by  talcing 
advantage  of  the  deoxidising  effects  of  certain  portions  of  the  solar 
T  Paper  washed  with  a  solution  of  ferric  salt  becomes  capable 
of  receiving  impressions  of  this  kind,  which  may  afterwards  be 
made  evident  by  potassium  ferricyanide,  or  gold  chloride.  Vege- 
table colours  are  also  acted  upon  in  a  very  curious  and  apparently 
definite  manner  by  the  different  parts  of  the  spectrum. 

The  daquerreotype,  the  announcement  of  which  was  nrst  mam. 
in  the  summer  of  1839,  by  M.  Daguerre,  who  had  been  occupied 
with  this  subject  from  1826,  if  not  earlier,  is  another  remarkable 
Stance  of  the  decomposing  effects  of  the  solar  rays  A  clean  and 
Sly  polished  plate  of  silvered  copper  is  exposed  for  a  certain 
fee  to  the  vapour  of  iodine,  and  then  transported  to  the  camera 
nWura  In  the  most  improved  state  of  the  process,  a  very  short 
£  suffices  for  effecting  the  necessary  change  in  the  him  of  silver 
S  The  picture,  however,  becomes  visible  on  y  by  exposing 
o  the  vapour  of  mercury,  which  attaches  itself,  m  the  form  of 
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exceedingly  minute  globules,  to  those  parts  which  have  been  most 
acted  upon  that  is  to  say,  to  the  lights,  the  shadows  being  formed 
by  the  dark  polish  of  the  metallic  plate.  Lastly,  the  drawing  is 
washed  with  sodium  hyposulphite,  to  remove  the  undecoinposed 
silver  iodide  and  render  it  permanent. 

_  Since  Daguerre's  time  this  process  has  undergone  considerable 
improvements;  amongst  these,  we  may  mention  the  exposure  of 
the  plate  to  the  vapour  of  bromine,  by  which  the  sensitiveness  of 
the  Mni  is  greatly  increased,  and  the  reduction  of  metallic  o0ld 
upon  the  surface  of  the  film  during  the  process  of 'fixing,  by  which 
the  lights  and  shades  of  the  picture  are  rendered  more  effective 

itching  and  lithographic  processes,  by  combined  chemical  and 
photographic  agency,  promise  to  be  of  considerable  utility  The 
earhest  is  that  of  N%)ce:  he  applied  a  bituminous  coating  to  a 
metal  plate  upon  which  an  engraving  was  superimposed.  The 
light,  being  thus  partially  interrupted,  acted  unequally  upon  the 
varnish;  a  liquid  hydro-carbon,  petroleum,  used  as  a  solvent 
removed  the  bitumen  wherever  the  light  had  not  acted;  an  en- 
graving acid  could  now  bite  the  unprotected  metal,  which  could 
eventually  be  printed  from  in  the1  usual  way.  vSTucSs 
M  results  have  also  ,  been  obtained  by  M.  Fi/eau,  who  subm  ts 
the  daguerreotype  to  the  action  of  a  mixture  of  dilute  miS  Sd 
S  ff>  and  Ktaarium  nitrate,  when  the  silvS  only  Z 
attacked,  the  mercurialised  portion  of  the  image  resisting  the  acid  • 
an  etching  is  thus  obtained  following  minutely  the  fights .  and 
shadows  of  the  picture.  To  deepen  this  etching,  the  silver  chloride 
formed  is  removed  by  ammonia,  the  plate  is  boiled  in  caustic 
potash  and  again  treated  with  acid,  and  so  on  till  the  2S  is 
of  sufficient  depth.    Sometimes  electro-gilding  is  resorted  to  and 
an  engraving  acid  used  to  get  still  more  powerful  h^ieSoni 

Among  recent  results  are  those  obtained  by  Mr.  Talbot  on 
steel  plates  :  he  uses  a  mixture  of  potass W  bichromak  and 
gelatin  which  hardens  by  exposure  to  the  light;  the  parts  not 
affected  are  removed  by  washing.    Platinum  tetra  Morich S  uS 

add8  ^  aCWage  °f  ***  *  ^ 

"mlnlbswen  Prress.°f  M-  Niepce  has  been  applied  to  litho- 
graphic stone  and  positives  obtained  from  negative  talbotvnes 
have  been  pnnted  off  by  a  modification  of  the  o^mv  ntnT 
CenPwChUe  *P  *P  ^  ^^e^  a 

^■^J^S^  attacks  hy  preference  thc 
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A  ManomiB  specie;  of  ^  Jg^^g^ 

with  ma^CjSturfaces  of  a  natural  loadstone  be  rubbed  in 

""^arfSS-Sfi-  or  natoral  magnet  is  sendee 1  al |fc 
centre  in  any  convenient  manner,  so  as  to  te  free  to  move  m  a 

SffeS W  In  London,  at  the  present  time,  £e  needle 
Joints  19°  40'  west  of  the  astronomical  north.  It  the  bar  oe 
Wecl  from  this  position,  it  will  tend  to  reassume  it  and  after 
Xw  osculations,  lettle  at  rest  as  before.  The  pole  winch  pornt 
towards  the  astronomical  north  is  usually  distmgmshed  as  the 
noX  pole  of  the  bar,  and  that  which  points  southward,  as  the 

80 An^k  either  natural  or  artificial,  of  symmetrical  form, ,* H 
pended S the  presence  of  a  second  magnet,  serves  to  exhibit certabj 
E  omena  of  attraction  and  repulsion  which  deserve  aituular 
attention.    When  a  north  pole  is  presented  to  a  south  pole, 
soSpo  e  to  a  north,  attraction  ensues  between  them;  the  ends 
nf  The  bars  approach  each  other,  and,  if  permitted,  adhere  with  con- 
lerablSe;  when,  on  the  other  hand,  a  north  pole  is  brought 
iiei  a  second  north  pole,  or  a  south  pole  near  another  south 
™1p  mutual  repulsion  is  observed,  and  the  ends  of  the  barf 
fie  Cm  each  other  as  far  as  possible    Poles  of  an  oppof* 
J attract  and  of  a  similar  name,  repel  each  other.    Thus,  a 
W  n  tr  or  needle  of  steel,  properly  magnetised  and  suspended 
a?fhaX^iS  ^es  marked!  becomes  2  instrument  fitted  not 
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only  to  discover  the  existence  of  magnetic  power  in  other  bodies 
but  to  estimate  the  kind  of  polarity  affected  by  their  different 
parts. 

A  piece  of  soft  iron  brought  into  the  neighbourhood  of  a  niaonet 
acquires  itself  magnetic  properties :  the  intensity  of  the  power 
thus  conferred  depends  upon  that  of  the  magnet,  and  upon  the 
space  which  divides  the  two,  becoming  greater  as  that  space 
decreases,  and  greatest  of  all  in  actual  contact.    The  iron  under 
these  circumstances,  is  said  to  be  magnetised  by  induction  or 
influence,  and  the  effect,  which  reaches  its  maximum  in  an 
instant,  is  at  once  destroyed  by  removing  the  magnet. 
_  When  steel  is  substituted  for  iron  in  this  experiment  the 
inductive  action  is  hardly  perceptible  at  first,  and  becomes  mani- 
fest only  alter  the  lapse  of  a  certain  time :  in  this  condition,  when 
the  steel  bar  is  removed  from  the  magnet,  it  retains  a  portion  of 
the  induced  polarity.    It  becomes,  indeed,  a  permanent  magnet 
similar  to  the  first,  and  retains  °  ' 

its  peculiar  properties  for  an  in-  Fig.  47. 

definite  time.  This  resistance 
which  steel  always  offers  in  a 
greater  or  less  degree  both  to  the 
development  of  magnetism  and 
to  its  subsequent  destruction, 
is  called  specific  coercive  power. 

The  rule  which  regulates  the 
induction  of  magnetic  polarity 
in  all  cases  is  exceedingly  sim- 
ple, and  most  important  to  be 
remembered.     The  pole  pro- 
duced is  always  of  the  opposite 
name  to  that  which  produced 
it,  a  no.rth  pole  developing  south 
polarity,  and  a  south  pole  north 
polarity.  The  north  pole  of  the 
magnet  figured  in  the  sketch 
induces  south  polarity  in  all  the  nearer  extremities  of  the  pieces  of 
»  "u  or  steel  which  surround  it,  and  a  state  similar  to  its  own  in 
cani  "f016  TT°t&  e^™ties.     The  iron  thus  magnetised  is 
capable  of  exerting  a  similar  inductive  action  on  a  second  piece, 
JJJ  that  upon  a  third,  and  so  to  a  great  number,  the  intensity  of 
toe  force  chminishmg  aa  the  distance  from  the  permanent  magnet 
2!  P     «  m  this  way  that  a  magnet  is  enabled  to  hold  up  a 
""';'>•  ol  small  pieces  of  iron,  or  a  bunch  of  filings,  each  separate 
piece  becoming  a  magnet  for  the  time  by  induction. 
JMgnetic  polarity,  similar  in  degree  to  that  which  iron  presents, 
anil  i„'™  lni't        y  ln  S0I"e  °f  the  C0I11P°unds  of  iron,  m  nickel, 
Magnetic  attractions  and  repulsions  are  not  in  the  slightest 
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degree  interfered  with  1*  *$£^%£^l£Z 
of  magnetic  properties.    Thick ,1^  ^  ^ 

wood,  or  of  any  substances  ^  ^SSS^eedle,  or  a  piece  ot 
placed  between  a  magnet  and  _ a  rammflfi a  ^  witfiont  the 
Ion  under  its  influence  the  distanc ^g™or  force  of 
least  perceptible  alteration  m  its  attractive  p<™  , 

induction.  ,    DVhi"hitpd  without  tbe  otber.  In 

One  kind  of  polarity  cannot  be  exhib  ^witno  tiged 

otber  words  a  magnetic  po  e  <^*™>J?£  £  ^aX,  each 
bar  of  steel  be  broken  at  its  neutral ^  pom  ^  r_ 

of  tbe  broken  ends  acquires  an  °PP°JJe.^  ^  tlie  divisioil  l,e 
tions  of  tbe       become  perfect  magnets  and, 

Sl^enTS'oi  ? SS&^S*  its  own  north 

m|£lPeSent  ser.es  to  show  very  £gSt 
polarity  3  the  bar  is  ^^^Ve^me^^  throngh 

as  estfaW  2SSa  £s« 


77  .s  /* 


and  their  south  poles  the  ^^^f^^L^ 
system  cannot  possibly  exhibit  attractive  or  ^  .  {  ^  0M 
external  body,  because  each  pole  i  ";^ose£^S  forceS  will 
of  an  opposite  name  and  of  equal  power.  Hence .me 

^ESea^Fregular  polarisation  of  particles  of  matter  in virtue 

constantly  reproduced  m  some  form  oi  other  m  every 

^ee^^^^^^ 

pension  pon  a  tae  p  ,  ^  &c  ^  these  have  regulaj 
Bnived  mto  the  i b   ce'rtain       esses  0f  rubbing  oj 

polarity  conm ^ca  e^  ™  ^     ^  ^e,  but  are  not 

touching  with  another ^magn  ,             i  .g 
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ends  in  contact,  and  in  this  way  it  is  easy  to  construct  permanent 
steel  magnets  capable  of  sustaining  great  weights.  To  prevent 
the  gradual  destruction  of  magnetic  force,  which  would  otherwise 
occur,  it  is  usual  to  arm  each  pole  with  a  piece  of  soft  iron  or 
keeper,  which,  becoming  magnetised  by  induction,  serves  to  sus- 
tain the  polarity  of  the  bar,  and  in  some  cases  even  increases  its 
energy. 

Magnetism  is  not  peculiar  to  these  substances  which  have  more 
especially  been  called  magnetic,  such  as  iron,  nickel,  cobalt,  but 
it  is  the  property  of  all  metals,  though  to  a  much  smaller  degree. 
Very  powerful  magnets  are  required  to  show  this  remarkable  fact. 
Large  horse-shoe  magnets,  made  by  the  action  of  the  electric 
current,  are  most  proper.  The  magnetic  action  on  different  sub- 
stances which  are  capable  of  being  easily  moved,  differs  not  only 
according  to  the  size,  but  also  according  to  the  nature  of  the  sub- 
stance. In  consequence  of  this,  Faraday  divides  all  bodies  into 
two  classes.  He  calls  the  one  magnetic,  or,  better,  paramagnetic, 
and  the  other  diamagnetic. 

The  matter  of  which  a  paramagnetic  (magnetic)  body  consists  is 
attracted  by  both  poles  of  the  horse-shoe  magnet ;  on  the  contrary, 
the  matter  of  a  diamagnetic  body  is  repelled.  When  a  small  iron 
bar  is  hung  by  untwisted  silk  between  the  poles  of  the  magnet,  so 
that  its  long  diameter  can  easily  move  in  a  horizontal  plane,  it 
arranges  itself  axially,  that  is,  parallel  to  the  straight  line  which 
joins  the  poles,  or  to  the  magnetic  axis  of  the  poles ;  assuming  at 
the  end  which  is  nearest  the  north  pole,  a  south  pole,  and  at  the 
end  nearest  the  south  pole,  a  north  pole.  Whenever  the  little  bar 
is  removed  from  this  position,  after  a  few  oscillations,  it  returns 
again  to  its  previous  position.  The  whole  class  of  paramagnetic 
bodies  behave  in  a  precisely  similar  way  under  similar  circum- 
stances, but  in  the  intensity  of  the  effects  great  differences 
occur. 

Diamagnetic  bodies,  on  the  contrary,  have  their  long  diameters 
planed  equatorially,  that  is,  at  right  angles  to  the  magnetic  axis. 
1  hey  behave  as  if  at  the  end  opposite  to  each  pole  of  the  magnet 
the  same  kind  of  polarity  existed. 

In  the  first  class  of  substances,  besides  iron,  which  is  the  best 
representative  of  the  class,  we  have  nickel,  cobalt,  manganese, 
chromium,  cerium,  titanium,  palladium,  platinum,  osmium,  alumi- 
mum,  oxygen,  and  also  most  of  the  compounds  of  these  bodies; 
most  oj  them,  even  when  in  solution.  According  to  Faraday,  the 
following  substances  are  also  feebly  paramagnetic  (magnetic),— 
Paper,  sealing-wax,  Indian-ink,  porcelain,  asbestos,  fluor-spar. 
lmmi11",  cinnabar,  binoxide  of  lead,  sulphate  of  zinc,  tourmaline, 
graphite,  and  charcoal, 

in  the  second  class  are  placed  bismuth,  antimony,  zinc,  tin, 
raarnium,  sodium,  mercury,  lead,  silver,  copper,  gold,  arsenic, 
uranium,  rhodium,  iridium,  tungsten,  phosphorus,  iodine,  sulphur, 
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chlorine  hydrogen,  and  many  of  their  compounds.  Also,  glass 
free  from  Son,  water,  alcohol,  ether,  nitric  acid  hydrochloric  acid, 
rlsm  wax^  ohve  oil,  oil  of  turpentine,  caoutchouc,  sugar,  starch, 
sum,' and  wood.    These  are  diamagnetic 

*  When  diamagnetic  and  paramagnetic  ^^^^  ^ 
peculiar  properties  are  more  or  less  neutralised  In  most  ot  these 
compound, Occasionally  in  consequence  of  the 
very  small  quantity  of  iron,  the  pecidiar  magnetic  power  lemains 
mole  or  less  in  excess.  Thus  green  bottle-glass,  and  many ^varie- 
ties  of  crown  glass,  are  magnetic  m  consequence  of  the  uon  they 

"Ser  to  examine  the  magnetic  properties  of  liquids,  they  are 
placed  in  very  thin  glass  tubes,  the  ends  of  which  are  then  closed 
by  melting  they  are  then  hung  horizontaUy  between  the  poles  of 
I  S  Under  the  influence  of  poles  sufficiently  powerful, 
they  beC to  swing,  and  according  as  the  fluid  contents  are  para- 
r^P^magnS)  or  diamagnetic,  they  assume  an  axial  or  equa- 

t0irSyhas  tried  the  magnetic  condition  of  gases  in  different 
ways  One  method  consisted  in  making  soap-bubbles  with  die 
gas  which  he  wished  to  investigate  and  bringing  these  near  tl e 
poles.  Soap  and  water  alone  is  feebly  diamagnetic.  A  bubble 
filled  with  oxygen  was  strongly  attracted  by  the  magnet.  All 
other  gases  in  the  air  are  diamagnetic,  that  is,  they  are  repeUed 
But,  as  Faraday  has  shown,  in  a  different  way ,  this  partly prises 
from  the  paramagnetic  (magnetic)  property  of  .  the  an.  1M 
found  that  nitrogen,  when  this  differential  action  was  ehmmate  , 
was  perfectly  indifferent,  whether  it  was  condensed  or  rarefied, 
whether  cooled  or  heated.  When  the  temperature  is  raised,  the 
diamagnetic  property  of  gases  in  the  air  is  increased  Hence  the 
flame  of  a  candle  or  of  hydrogen  is  strongly  repelled  by  the  mag- 
net   Even  warm  air  is  diamagnetic  in  cold  air.  _ 

For  some  time  it  had  been  believed  that  bodies  m  a  crystalnne 
form  had  a  special  and  peculiar  behaviour  when  placed  between 
the  poles  of  a  magnet.    It  appeared  as  though  the  magnetic  direct- 
um power  of  the  crystal  had  some  peculiar  relation  to  the  position 
of  its  optic  axis;  so  that,  independently  of  the  magnetic  property 
of  the  substance  of  the  crystal,  if  the  crystal  was  positively  opti- 
cal, it  possessed  the  power  of  placing  its  optic  axis  parallel  wit u 
the  line  which  joined  the  poles  of  the  magnet,  while  optica  Jh 
negative  crystals  tried  to  arrange  their  axis  at  right  angles  to  WS 
\hie    This  supposition  is  disproved  by  the  excellent  investigation 
of  Tvndall  and  Knoblauch,  who  showed  that  exceptions  to  the 
above  law  are  furnished  by  all  classes  of  crystals,  and  proved  that 
the  action,  instead  of  being  independent  of  the  magnetic  nature  ot 
+hP  mass  was  completely  reversed  where,  in  isomorphous  crys- 
tals a  magnetic  constituent  was  substituted  for  a  diamagnetic  one. 
Rejecting  the  various  new  forces  assumed,  Tyndall  and  Knob- 
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lauch  referred  the  observed  phenomena  to  the  modification  of  the 
magnetic  force  by  structure,  and  they  imitated  the  effects  exactly, 
by  means  of  substances  whose  structure  had  been  modified  by 
compression.  In  a  later  investigation  Tyndall  demonstrated  the 
fundamental  principle  on  which  these  phenomena  depend,  show- 
ing that  the  entire  mass  of  a  magnetic  body  is  most  strongly 
attracted  when  the  attracting  force  acts  parallel  to  the  line  of 
compression ;  and  that  a  diamagnetic  substance  is  most  strongly 
repelled  when  the  repulsion  acts  along  the  same  line.  Hence  when 
such  a  body  is  freely  suspended  in  the  magnetic  field,  the  line  of 
compression  must  set  axially  or  equatorially,  according  as  the 
mass  is  magnetic  or  diamagnetic.  Faraday  was  the  first  to  estab- 
hsh  a  differential  action  of  this  kind  in  the  case  of  bismuth ; 
Tyndall  extended  it  to  several  magnetic  and  diamagnetic  crystals, 
and  showed  that  it  was  not  confined  to  them,  but  was  a  general 
property  of  matter.  It  was  also  proved  that  for  a  fixed  distance 
the  attraction  of  a  magnetic  sphere,  and  the  repulsion  of  a  dia- 
magnetic sphere,  followed  precisely  the  same  law,  both  being 
exactly  proportioned  to  the  square  of  the  exciting  current. 

The  phenomena  of  diamagnetism  naturally  suggest  the  inquiry, 
whether  the  repulsion  exerted  by  a  magnetic  pole  on  diamagnetic 
bodies  is  a  force  distinct  from  that  of  magnetism  as  exerted  upon 
iron  and  other  bodies  of  the  magnetic  class ;  or  whether,  on  the 
other  hand,  the  magnetic  and  diamagnetic  conditions  of  matter 
are  merely  relative,  so  that  all  bodies  are  magnetic  in  different 
degrees,  and  the  apparent  repulsion  of  a  diamagnetic  body,  such 
as  bismuth,  is  merely  the  result  of  its  being  attracted  by  the 
magnet  less  than  the  particles  of  the  surrounding  medium,  just  as 
a  balloon  recedes  from  the  earth  because  its  weight  is  less  than 
that  of  an  equal  bulk  of  the  surrounding  air.  It  is  easy  to  show 
that  the  same  body  may  appear  magnetic  or  diamagnetic,  accord- 
ing to  the  medium  in  which  it  is  placed.  Ferrous  sulphate  is  a 
magnetic  substance,  and  water  is  diamagnetic :  hence  it  is  pos- 
sible, by  varying  the  strength  of  an  aqueous  solution  of  this  salt, 
to  make  it  either  magnetic,  indifferent,  or  diamagnetic  when  sus- 
pended in  air.  Again,  a  tube  containing  a  solution  of  ferrous 
sulphate  suspended  horizontally  within  a  jar  also  filled  with  a 
solution  of  the  same  salt,  and  placed  between  the  poles  of  two 
powerful  electro-magnets,  will  place  itself  axially  or  equatorially, 
according  as  the_  solution  contained  in  it  is  stronger  or  weaker 
than  that  in  the  jar.  In  the  same  manner,  then,  we  may  conceive 
that  bismuth  places  itself  equatorially  between  two  magnetic 
poles,  because  it  is  less  magnetic  than  the  surrounding  air.  But 
the  diamagnetism  of  bismuth  and  other  bodies  of  the  same  class 
shows  itself  in  a  vacuum  as  well  as  in  air:  hence,  if  diamagnetism 
B  not  to  be  regarded  as  a  distinct  force,  we  must  suppose  that  the 
ether  is  also  magnetic,  and  occupies  in  the  magnetic  scale  the 
place  intermediate  between  magnetic  and  diamagnetic  bodies. 
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That  a  body  suspended  in  a  medium  of  greater  magnetic  sus- 
ceptibility than  itself  will  recede  from  a  magnetic  pole  in  its 
neighbourhood,  in  consequence  of  the  greater  force  with  which  the 
particles  of  the  medium  are  impelled  towards  the  magnet,  is  so 
obvious  a  consequence  of  mechanical  laws  that  we  can  scarcely 
avoid  attributing  the  movements  of  diamagnetic  bodies  to  the 
cause  iust  mentioned ;  at  least,  when  the  body  is  suspended  in  air 
or  other  magnetic  gas.    There  is,  however,  some  difficulty  in 
reconciling  the  above-described  phenomena  of  compressed  and 
crystallised  bodies  with  this  view;  and,  moreover  TyndaU  has 
shown,  by  a  method  which  we  cannot  here  describe  *  that  dia- 
magnetic bodies  possess  opposite  poles,  analogous  to  those  oi 
magnetic  bodies,  each  of  these  poles  being  attracted  by  one  pole 
of  a  magnet,  and  repelled  by  the  other.    This  polarity  shows  de- 
cidedly that  the  properties  of  diamagnetic  bodies  cannot  be  wholly 
due  to  the  differential  action  above  mentioned ;  for  d  they  were, 
every  part  of  a  diamagnetic  body  woidd  be  repelled  by  either 
pole  of  a  magnet.    Diamagnetism  must  therefore,  lor  the  present 
at  least,  be  regarded  as  a  force  distinct  from  magnetism. 


ELECTRICITY. 

When  glass,  amber,  or  sealing-wax  is  rubbed  with  a  dry  cloth,  it 
acquires  the  power  of  attracting  light  bodies,  as  feathers,  dust,  or  bits 
of  paper ;  this  is  the  result  of  a  new  and  peculiar  condition  oi  the 
body  rubbed,  called  electrical  excitation. 

If  a  light  downy  feather  be  suspended  by  a  thread  ol  white  silk, 
and  a  dry  glass  tube,  excited  by  rubbing,  be  presented  to  it,  the 
feather  wiU  be  strongly  attracted  to  the  tube,  adhere  to  its  surface 
for  a  few  seconds,  and  then  faU  off.  If  the  tube  be  now  excited 
anew,  and  presented  to  the  feather,  the  latter  wdl  be  strongly 
repelled. 

The  same  experiment  may  be  repeated  with  shellac  or  resin ; 
the  feather  in  its  ordinary  state  wdl  be  drawn  towards  the  excited 
body,  and,  after  touching,  again  driven  from  it  with  a  certain  degree 
of  force.  .  , 

Now,  let  the  feather  be  brought  into  contact  with  the  excitea 
"lass,  so  as  to  be  repeUed  by  that  substance,  and  let  a  piece  ol 
excited  sealing-wax  be  presented  to  it:  a  degree  of  attraction  will 
be  observed  far  exceeding  that  exhibited  when  the  feather  is  m  its 
ordinary  state.  Or,  again,  let  the  feather  be  made  repulsive  lor 
sealing-wax,  and  then" the  excited  glass  be  presented :  strong  attrac- 
tion will  ensue. 

*  Phil.  Trans.,  1855  and  1856  ;  see  also  Watts's  Dictionary  of  Cheniis- 
tiy,  vol.  iii.  p.  7/6. 
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The  reader  will  at  once  see  the  perfect  parallelism  between  the 
effects  described  and  some  of  the  phenomena  of  magnetism,  the 
electrical  excitement  having  a  twofold  nature,  like  the  opposite 
polarities  of  the  magnet.  A  body  to  which  one  kind  of  excitement 
has  been  communicated  is  attracted  by  another  body  in  the  oppo- 
site state,  and  repelled  by  one  in  the  same  state ;  the  excited  glass 
and  resin  being  to  each  other  as  the  north  and  south  poles  of  a 
pair  of  magnetised  bars. 

To  distinguish  these  two  different  forms  of  excitement,  terms  are 
employed  which,  although  originating  in  some  measure  in  theor- 
etical views  of  the  nature  of  the  electrical  disturbance,  may  be 
understood  by  the  student  as  purely  arbitrary  and  distinctive :  it 
is  customery  to  call  the  electricity  manifested  by  glass  rubbed  with 
silk  positive  or  vitreous,  and  that  developed  in  the  case  of  shellac, 
and  bodies  of  the  same  class  rubbed  with  flannel,  negative  or  resin- 
ous. The  kind  of  electricity  depends  in  some  measure  upon  the 
nature  of  the  surface  and  the  quality  of  the  rubber ;  smooth  and  per- 
fectly clean  glass,  rubbed  with  silk,  becomes  positive,  but  when 
ground  or  roughened  by  sand  or  emery,  it  acquires,  under  the  same 
circumstances,  a  negative  charge.  Glass  dried  over  a  gas  flame  and 
rubbed  with  wool  is  generally  also  negative ;  when  dried  over  a 
fire  of  wood-charcoal  it  remains  positive. 

The  repulsion  shown  by  bodies  in  the  same  electrical  state  is1 
taken  advantage  of  to  construct  instruments  for  indicating  electrical 
excitement  and  pointing  out  its  kind.  Two  balls  of  elder  pith, 
hung  by  threads  or  very  fine  metal  wires,  serve  this  purpose  in 
many  cases :  they  open  out  when  excited,  in  virtue  of  their  mutual 


Fig.  49. 


Fig.  50. 


repulsion,  and  show  by  the  degrees  of  divergence  the  extent  to 
Which  the  excitement  has  been  carried.  A  parr  of  gold  leaves  sus- 
pended to  a  metal  rod  having  a  brass  plate  on  its  upper  end  con- 
stitute a  much  more  delicate  arrangement,  and  one  of  great  value 
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in  all  electrical  investigations.  The  rod  should  be  covered  with  a 
thick  coating  of  shellac,  and  it  must  he  fastened  by  means  of  a  cork 
air-tight,  into  a  glass  flask.  The  flask  must  have  been  perfectly 
dried  previously  by  warming  it.  These  instruments  are  called 
eSroSopes  or  electrometers°:  when  excited  by  the  commiimcation 
of  a  known  kind  of  electricity,  they  show,  by  an  increased  or  dunm- 
ished  divergence,  the  state  of  an  electrified  body  brought  into 

their  neighbourhood.  j™ti,nn,frt(. 

One  kind  of  electricity  can  no  more  be  developed  with  out  the 
other  than  one  kind  of  magnetism :  the  rubber  and  the  body  rubbed 
always  assume  opposite  states,  and  the  positive  condition  on  the 
surface  of  a  mass  of  matter  is  invariably  accompanied  by  a  negative 
state  in  all  surrounding  bodies. 

Fig.  51. 


The  induction  of  magnetism  in  soft  iron  has  its  exact  counter- 
part in  electricity:  a  body  already  electrified  disturbs  or  polarises 
the  particles  of  all  surrounding  substances  in  the  same  manner  and 
according  to  the  same  law,  inducing  a  state  opposite  to  its  own  in 
the  nearer  portions,  and  a  similar  state  in  the  more  remote  parts. 
A  series  of  globes  suspended  by  silk  threads,  in  the  maimer  repre- 
sented in  fig.  51,  will  each  become  electric  by  induction  when  a 
charged  body  is  brought  near  the  end  of  the  series,  like  so  many 
pieces  of  iron  in  the  vicinity  of  a  magnet,  the  positive  halt  oi  each 
o-lobe  looking  in  one  and  the  same  direction,  and  the  negative  halt 
in  the  opposite  one.  The  positive  and  negative  signs  are  mtended 
to  represent  the  states.  .  . 

The  intensity  of  the  induced  electrical  disturbance  dnnnushes 
with  the  distance  from  the  charged  body ;  if  this  be  removed  or 
discharged,  all  the  effects  cease  at  once. 

So  far,  the  greatest  resemblance  may  be  traced  between  these 
two  sets  of  phenomena ;  but  here  it  seems  in  great  measure  to  cease. 
The  magnetic  polarity  of  a  piece  of  steel  can  awaken  polarity  in  a 
second  piece  in  contact  with  it  by  the  act  of  induction,  and  m  so 
doinc  loses  nothing  whatever  of  its  power :  this  is  an  effect  com- 
pletely different  from  the  apparent  transfer  or  discharge  of  elec- 
tricity constantly  witnessed,  which  in  the  air  and  in  liquids  often 
.rives  rise  to  the  appearance  of  a  bright  spark  of  fire.  Indeed, 
ordinary  magnetic  effects  comprise  two  groups  of  phenomena  only, 
those'  namely,  of  attraction  and  repulsion,  and  those  of  induction. 
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But  ill  electricity,  in  addition  to  phenomena  very  closely  resem- 
bling these,  we  have  the  effects  of  discharge,  to  which  there  is 
nothing  analogous  in  magnetism,  and  which  takes  place  in  an 
instant  when  any  electrified  body  is  put  in  communication  with 
the  earth  by  any  one  of  the  class  of  substances  called  conductors  of 
electricity,  all  signs  of  electrical  disturbance  then  ceasing. 

These  conductors  of  electricity,  which  thus  permit  discharge  to 
take  place  through  their  mass,  are  contrasted  with  another  class 
of  substances  called  non-conductors  or  insulators.  The  difference 
however,  is  only  one  of  degree,  not  of  kind ;  the  very  best  con- 
ductors offer  a  certain  resistance  to  the  electrical  discharge,  and 
the  most  perfect  insulators  permit  it  to  a  small  extent.  The  metals 
are  by  far  the  best  conductors ;  glass,  silk,  shellac  and  dry  gas,  or 
vapour  of  any  sort,  the  very  worst ;  and  between  these  there  are 
bodies  of  all  degrees  of  conducting  power. 

In  good  conductors  of  sufficient  size  electrical  discharges  take 
place  silently  and  without  disturbance.   But  if  the  charge  be  very 
intense,  and  the  conductor  very  small,  or  imperfect  from  its  nature 
it  is  often  destroyed  with  violence. 

When  a  break  is  made  in  a  conductor  employed  in  effecting  the 
discharge  of  a  highly-excited  body,  disruptive  or  spark-discrTarge 
takes  place  across  the  intervening  air,  provided  the  ends  of  the 
conductor  be  not  too  distant.  The  electrical  spark  itself  pre- 
sents many  points  of  interest  in  the  modifications  to  which  it  is 
liable. 

The  time  of  transit  of  the  electrical  wave  through  a  chain  of 
good  conducting  bodies  of  great  length  is  so  minute  as  to  be  alto- 
gether inappreciable  to  ordinary  means  of  observation.  Professor 
Wheatstones  very  ingenious  experiments  on  the  subject  give,  in 
that™ St     m°ti0n  thr0Ugh  a  C°Pper  w"'e'  a  velocit7  surpassing 

Electrical  excitation  is  manifested  only  upon  the  surfaces  of  con- 
ductors, or  those  portions  directed  towards  other  objects  capable 
ot  assuming  the  opposite  state.  An  insulated  ball  charged  with 
positive  electricity,  and  placed  in  the  centre  of  the  room,  is  main- 
tained m  that  state  by  the  inductive  action  of  the  waUs  of  the 
apartment,  which  immediately  become  negatively  electrified ;  in 
the  interior  of  the  ball  there  is  absolutely  no  electricity  to  be  found, 
aithollg_n  it  may  be  constructed  of  open  metal  gauze,  with  meshes 
halt  an  inch  wide.  Even  on  the  surface  the  distribution  of  electrical 
iorce  is  not  always  the  same ;  it  depends  upon  the  figure  of  the 
nouy  itself  and  its  position  with  regard  to  sirrrounding  objects. 

LrLV  \  yJ*  always  W"hest  in  the  Projecting  extremities  of  the 
wme  conducting  mass,  and  greatest  of  all  when  these  are  attenuated 
w  points ;  in  which  case  the  inequality  becomes  so  great  that 

,  ,     "  T  Fak?a  Place  to  the  air,  and  the  excited  condition  cannot 
'"■  i  Maintained. 

By  the  aid  of  these  principles,  the  construction  and  use  of  the 
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common  electrical  machine,  and  other  pieces  of  apparatus  of  great 
utilitv  will  "become  intelligible. 

AglasscyHnder  is  mounted  with  its  axis  in  a  horizontal  position, 
and  provided  with  a  handle  or  winch  by  which  it  may  he  WL 
A  leather  cushion  is  made  to  press  by  a  spring  against  one  side  ot 
the  cylinder,  while  a  large  metal  conducting  body  armed  wu4h  a 
number  of  points  next  the  glass,  occupies  the  other :  both  cushion 
and  conductor  are  insulated  by  glass  supports,  and  to  the  upper 
edge  of  the  former  a  piece  of  silk  is  attached  long  enough  o  reach 
half  round  the  cylinder.  Upon  the  cushion  is  spread ^ 
of  soft  amalgam  of  tin,  zinc,  and  mercury/  mixed  up  with  a  little 

Fig  52. 


grease :  this  substance  is  found  by  experience  to  excite  glass  most 
Powerfully  The  cylinder,  as  it  turns,  becomes  charged  by  tac- 
tion against  the  rubber,  and  as  quickly  discharged  by  the  row 
of  points  attached  to  the  great  conductor ;  and  as  the  latter  is  also 
completely  insulated,  its  surface  speedily  acquires  a  charge  ot 
positive  electricity,  which  may  be.  commumcated  by  contact  to 
other  insulated  bodies.  The  maximum  effect  is  produced  when 
the  rubber  is  connected  by  a  chain  or  wire  with  the  earth,  lj 
negative  electricity  be  wanted,  the  rubber  must  be  insulated  and 
the  conductor  discharged.  _ 

Another  form  of  the  electrical  machine  consists  ot  a  circular 

*  1  mrt  tin,  1  zinc,  and  6  mercury.  An  amalgam  of  permanent  softness 
™d  trreat  efficacy  is  obtained  by  mixing  65  parts  mercury,  24  tin,  and  11 
zinc    It  is  better  applied  to  silk  than  to  leather. 
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plate  of  glass  (fig.  53)  moving  upon  an  axis,  and  provided  with  two 
pairs  of  cushions  or  rubbers,  attached  to  the  upper  and  lower  parts 
of  the  wooden  frame,  covered  with  amalgam,  between  which  the 
plate  moves  with  considerable  friction.  An  insulated  conductor, 
armed  as  before  with  points,  discharges  the  plate  as  it  turns,  the 
rubber  being  at  the  same  time  connected  with  the  ground  by  the 

Fig.  S3. 


wood-work  of  the  machine,  or  by  a  strip  of  metal.  This  form  of 
the  apparatus  is  preferred  in  all  cases  where  considerable  power  is 
wanted.  1 

In  the  management  of  electrical  apparatus,  great  care  must 
be  taken  to  prevent  deposition  of  moisture  from  the  air  upon 
tin:  surface  of  the  glass  supports,  which  should  always  be  varnished 
with  hne  lac  dissolved  in  alcohol ;  the  slightest  film  of  water  is 
sufficient  to  destroy  the  power  of  insolation.  The  rubbers  also 
must  be  carefully  dried,  and,  like  the  plate,  cleansed  from  adhering 
oust beiore use,  and  the  amalgam  renewed  if  needful:  in  damp 
weather  much  trouble  is  often  experienced  in  bringing  the  machine 
into  powerful  action. 

When  the  conductor  of  the  machine  is  charged  with  electricity, 
■  acta  ^directly  on,  and  accumidates  the  contrary  electricity  to 
KS  own  at  the  surface  of  all  the  surrounding  conductors.  It  pro- 
duces the  greatest  effect  on  the  conductor  that  is  nearest  to  it  and 
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is  in  the  test  connection  with  the  ground,  whereby  the  electricity 
of  the  same  kind  as  that  of  the  machine  may  pass  to  the  earth 
As  the  inducing  electricity  attracts  the  induced 
Fig.  54.  electricity  of  an  opposite  kind,  so,  on  the  other 

hand,  is  the  former  attracted  by  the  latter.  Hence, 
the  electricity  which  the  conductor  receives  from 
the  machine  must  especially  accumulate  at  that 
spot  to  which  another  good  conductor  of  electricity 
is  opposed.    If  a  metal  disc  is  in  connection  with 
the  conductor  of  a  machine,  and  if  another  similar 
disc,  which  is  in  good  connection  with  the  earth, 
is  placed  opposite  to  it,  we  have  an  arrangement 
hy  which  tolerably  large  and  good  conducting  sur- 
faces can  be  brought  close  to  one  another :  thus 
the  positive  condition  of  the  first  disc,  as  well  as 
the  negative  condition  of  the  other,  must  be  in- 
creased to  a  very  considerable  degree :  the  limit 
is  in  this  case,  however,  soon  reached,  because  the  intervening  an- 
easily  permits  spark-discharge  to  take  place  through  its  substance 
With  a  solid  insulating  body,  as  glass  or  lac,  this  happens  with 
much  greater  difficulty,  even  when  the  plate  of  insulating  matter 
is  very  thin.    It  is  on  this  principle  that  instruments  for  the 
accumulation  of  electricity  depend,  among  which  the  Leyden  jar 
is  the  most  important.  . 

A  thin  glass  jar  is  coated  on  both  sides  with  tinfoil,  care  being 
taken  to  leave  several  inches  of  the  upper  part  uncovered  (fig.  54) ; 
a  wire,  terminating  in  a  metallic  knob,  communicates  with  the 
internal  coating.  When  the  outside  of  the  jar  is  connected  with 
the  earth,  and  the  knob  put  in  contact  with  the  conductor  oi  the 
machine,  the  inner  and  outer  surfaces  of  the  glass  become  respec- 
tively positive  and  negative,  until  a  very  great  degree  of  intensity 
has  been  attained.  On  completing  the  connection  between  the 
two  coatings  by  a  metallic  wire  or  rod,  discharge  occurs  in  the 
form  of  an  exceedingly  bright  spark,  accompanied  by  a  loud  snap ; 
and  if  the  human  body  be  interposed  in  the  circuit,  the  peculiar 
and  disagreeable  sensation  of  the  electric  shock  is  felt  at  the  moment 
of  its  completion. 

By  enlarging  the  dimensions  of  the  jar,  or  by  connecting  together 
a  number  of  such  jars  in  such  a  manner  that  all  may  be  charged 
and  discharged  simultaneously,  the  power  of  the  apparatus  may  be 
greatly  augmented.  Thin  wires  of  metal  may  be  fused  and  dis- 
sipated •  pieces  of  wood  may  be  shattered ;  many  combustible  sub- 
stances 'set  on  fire ;  and  all  the  well-known  effects  of  lightning 
exhibited  upon  a  small  scale.  _  . 

The  electric  spark  is  often  very  conveniently  employed  in 
chemical  inquiries  for  filing  gaseous  mixtures  in  closed  vessels. 
A  small  Leyden  jar  charged  by  the  machine  is  the  most  effective 
contrivance  for  this  purpose ;  but,  not  unfrequently,  a  method 
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may  be  resorted  to  which  involves  less  preparation.  This  method 
was  devised  by  Bunsen.  A  large  porcelain  tube,  which  is  dry  and 
warm,  is  wrapped  round  and  rubbed  briskly  by  a  dry  silken  cloth 
and  after  each  rub,  the  tube  is  brought  in  the  immediate  neigh- 
bourhood of  the  knob  of  a  small  Leydeu  jar,  the  outer  coating  0f 
this  vessel  being  in  connection  with  the  earth. 

The  electropborus  is  also  frequently  used  for  this  purpose. 
This  instrument  consists  of  a  round  tray  or  dish  of  tinned  plate 
having  a  stout  wire  round  its  upper  edge;  the  width  may  be 
about  twelve  inches,  and  the  depth  half  an  inch.  This  tray  is 
filled  with  melted  shellac,  and  the  surface  rendered  as  even  as 
possible.  A  brass  disc,  with  rounded  edge,  of  about  nine  inches 
diameter,  is  also  provided,  and 
fitted  with  an  insulating  handle.  Fig.  65. 

When  a  spark  is  wanted,  the 
resinous  plate  is  excited  by  strik- 
ing it  with  a  dry,  warm  piece  of 
fur,  or  a  silk  handkerchief;  the 
cover  is  placed  upon  it,  and 
•  touched  by  the  finger,  together 
with  the  rim  of  the  plate.  When 
the  cover  is  raised,  it  is  found  so 
strongly  charged  by  induction 
with  positive  electricity,  as  to  give  a  bright  spark;  and,  as  the 
it£  a1SW  argedi  hj  the,  C°Ver'  wMc*  meW  touches 

Sishei  '  SP  draWn  aS  °ften  a*  ma^  be 

ecmuibrin^ofZ^  what,  cau?e       disturbance  of  the  electrical 
X  hS?  °       atmosphere  is  due :  experiment  has  shown  that 
rnte^fc^T      t  airare™%i*  a  positive  state,  the 
hP  j  w^ch  "aches  a  maximum  at  a  particular  period  of 

J™    I   -In  :d°Udy.  and  at0Tmy  weather  the  distribution  of  the 

SfonLlSC1?beC°meSmU?h  deran^d,  clouds  near  tie 
surface  ot  the  earth  often  appearing  in  a  negative  state. 

the  circumstances  of  a  thunderstorm  exactly  resemble  those  of 
he  charge  and  discharge  of  a  coated  plate  or  jar;  the  cloud  and 
£ieca„2  ZT*T\  the  <™  and  the  int™ing  S  the 

SacTSdXl7'  ?*ulectrf  T-he  polarities  of  the  opposed 
^rS^S^T^8^^  bGtWeen  them  become  raised 
£     1 f  f  '"n',rlntl1  rlenldisrUI,tive  takes  place 

CrStotr^  °r  other  bodies  which  may 

S  l  A^n  Wh6n  these  are  caPaUe  of  conduct- 
«,  ,  ,    ',        V^V*  8,len*  antl  harmless;  out  in  other  cases 
o    in  f  ^ e    "',ly  'l"HlIrU<:t,VC-    These  ^ngerous  effects  are 
Sch^r  n^T     rneaST  olmated  hJ  the  use  of  Ughtning-rods 
Zutr\  \       ?'^  the  efection  of  which,  howeverf  demands  a 
"  '  .'   pecautions  not  aJ  tots  understood  or  attended  to.  The 
masts  oi  ships  may  be  guarded  in  like  manner  by  metal  conductors  : 
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Sir  W  Snow  Harris  has  devised  a  most  ingenious  plan  for  the 
%pL,  Xh  is  now  adopted,  with  complete  success,  m  the 

R°ltS  of  TWr.-The  electricity  exhibited  under  certain 
Mectrmiy  uj  v  wjju  observed  bv  mere  accident, 

e£  ssis^^SiSV-  °f  the  most  powerful  plate 

^SS^SS^M  e-lved  ^evaporation 
vprv^om  Possesses  in  a  high  degree  the  property  of  discharging 
fnto  £  Sphere  that  electricity  which  often  accumulates  in 
mto  ft     ises    The  fresh  branches  and  leaves  pi 

toes  do^thTs  to  tt  greTest  extent.  When  moistened  with  ram 
or  dew'thek  surfacesVcome  positively  electrical  whilst  the  m- 
tonaTparts,  even  to  the  roots,  become  negatively  electrical. 

ELECTRIC  CURRENT  ;  ELECTRIC  BATTERY. 

When  two  solid  conducting  bodies  are  plunged  into  a  liqmd 
Wbkh  acts  upon  them  unequally,  the  electric :  e^tam  * to- 
turned  the  one  acquiring  the  positive  condition,  and  the  other 
S  negative.  Thus,  pieces  of  zinc  and  platinum  put  mto  dilute 
sulphuric  acid,  constitute  an  arrangement  capable  of  genera  tag 
force  :  the  zinc  which  is  the  metal  attacked,  become, 
neS  ve-  the  platinum  which  remains  unaltered,  assumes  the 
poftive  conchtfon;  and  on  malting  a  metallic  commumcatan 
in  anv  way  between  the  two  plates,  discharge  ensues  as  v,hen 
the  So  surfaces  of  a  coated  and  charged  jar  are  put  into  connec- 

ti0No  sooner,  however,  has  this  occurred,  than  the ^disturbance s  is 
related;  and  as  these  successive  charges  and  discharges  take 
wtnroueh  the  fluid  and  metals  with  inconceivable  rapidity, 
&u£ T8  J J  apparently  continuous  action,  to  which  the  term 

«ry  r^iard  against  the  idea,  which  the  term 
I  ^™uS2 [of  an actual  bodily  trans1',v  of. omethmg  through 
SfSSSTth*  conductors,  like  water  through  a  ppe:  the 
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Fig.  56. 


real  nature  of  all  these  phenomena  is  entirely  unknown  •  the 
expression  is  convenient  notwithstanding,  and  consecrated  by  Ions 
use  ;  and  with  tins  caution,  the  very  dangerous  error  of  applvine 
figurative  language  to  describe  an  effect,  and  then  seekino  the 
nature  ol  the  effect  from  the  common  meaning  of  words  mav  be 
avoided.  '  J 

The  intensity  of  the  electrical  excitement  developed  by  a  single 
pair  of  metals  and  a  liquid  is  too  feeble  to  affect  the  most  delicate 
gold-leaf  electroscope ;  but,  by  arranging  a  number  of  such  alter- 
nations m  a  connected  series,  in  such  a  manner  that  the  direction 
ol  the  current  shall  be  the  same  in  each,  the  intensity  may  be  verv 
greatly  exalted.  The  two  instruments,  invented  by  Volta,  called 
tne  pile  and  crown  of  cups,  depend  upon  this  principle 

Upon  a  plate  of  zinc  is  laid  a  piece  of  cloth,  rather  smaller  than 
itself,  steeped  in  dilute  acid,  or  any  liquid  capable  of  exerting 
chemical  action  upon  the  zinc;  upon  this  is 
placed  a  plate  of  copper,  silver,  or  platinum ; 
then  a  second  piece  of  zinc,  another  cloth,  and 
a  plate  of  inactive  metal,  until  a  pile  of  about 
twenty  alternations  has  been  built  up.    If  the 
two  terminal  plates  be  now  touched  with  wet 
hands,  the  sensation  of  the  electrical  shock  will 
be  experienced;  but,  unlike  the  momentary 
eflect  produced  by  the  discharge  of  a  jar,  the 
sensation  can  be  repeated  at  will  by  repeating 
the  contact,  and  with  a  pile  of  one  hundred 
such  pairs,  excited  by  dilute  acid,  it  will  be 
nearly  insupportable.    When  such  a  pile  is 
insulated,  the  two  extremities  exhibit  stronc 
positive  and  negative  states;  and  when  connec- 
tion is  made  between  them  by  wires  armed  with  points  of  hard 
Wal  or  plumbago  the  discharge  takes  place  in  the  form  of  a 
wight  enduring  spark  or  stream  of  fire. 

Fig.  57. 


s,an!e1<ine,(;?-nd-f0>m  "f ,aPPar<itus,  or  crown  of  cups,  is  precisely  the 
l"""4>le,  although  different  in  appearance.   A  number 

o 
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of  cups  or  glasses  are  arranged  ^^«^^a^fS 
apiece  of  active  and  a  piece  of: nugge J  fol, 
exciting  liquid-zrnc  copper  and  dilute ^Jg^rn  ^  rf  ^ 
ample  The  copper  oT he &st ^^ZtL  of  the  third,  and 
SeTCVh!^f  the  tries  On  stashing  a  conimunication 
Stweent^  and  Sates  hy  means  of  a  wire,  or  otherwise, 
cUscharge  takes  place  as  before  m         of  & 

When  any  such  electrical     V       liquid,  it  is  called  a 
single  pair,  oi :  conduct oxs  and  an  n^god  ^  ^ 

^SSS^S^^^  of  the  current  may 

^a^Sds°of  tne  SrSulated,  the  zinc  end  exhibits 
When  both  ends  ot  me  seiies  i:)0sitive  electricity;  con- 

negative,  ^\^L°U^eiZJSt  01  5es  are  joined  by  a 
sequently,  when  the  two  ^rmed  the  current  of 

conducting  wire  and  a  ™m^  c™^*  ^  h  platinum 
positive  electricity proceeds J^™Xw^om  the  zinc  to  the 
or  copper  to  the  zmc,  and  ^^"^^8-1^  •«  ™  the 
copper  or  platinum,  as  indicated  by  the  ™c0  Juctor  and  the 
conrmon  electrical  machine  ^0^e°c^t  pI0Ceeds  from  the 
rubber  are  joined  by  a  wire,  the  P°s™ cuire    l  ^ 

electricity  to  medicine. 


A  form  of  battery  more  convenient  for  most  purposes   s  hat 
.ontrved  by  Wollaston  (fig.  59).     In  this  the  coppei  is  made 
XpIv to  encircle  the  zinc  plate,  except  at  the  edges  the  two 
beto  "kept,  apart  by  pieces  of'  cork  or  wood.    Each  zinc  is 
metals  Jem    ve  ■  J  d  the  whole  screwed  to  a  bar 

8^maCanV,  BO^at  the  plates  can  be  lifted  into ,or oni  o 
1  SrJS  »  contained  in  an  earthenware  trough,  divided 
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into  separate  cells.    The  liquid  consists  of  a  mixture  of  1  no  ™^ 
water,  2£  partS  oil  of  vitriol,  and  2  parts  coSSSfcS 
aU  by  measure.    A  number  of  such  batteries  are  easdyXmected 
together  by  straps  of  sheet  copper,  and  admit  of  beina  put  into 
action  with  great  ease.  °  1  mt0 

In  all  these  older  forms  of  the  voltaic  battery,  however  the 
power  rapidly  decreases,  so  that,  after  a  short  time,  scarcely  the 
tenth  part  oi  the  original  action  remains.    This  losHf  power 


fclffVu?  S  r"11'1 1rge  °f  the  acid  into 

mrt  nf  %        i     I:      m°re  easi1^  understood  at  a  subseouent 

^SSSS^SSS^0  consider  the — 

elect^Senc?1 173^^  ^  t0  tMs  Wh  of 
in  1700       i0  ™  honour  of  Galvani,  of  Bolotma  who 

maoe  to  touch  tiSSS    i  dead  fr°g  when  certain  metals  were 

Volta,  CXi^f  ^  Same  raoment-  »  ma 
motions;  BCl?^ tedout^the.  electrical  origin  of  these 

the  electrical  cUsSrbK!  P ,la,iatl0n  he  °ffered  of  the  s°urce  of 
«  v,,-v     ■       vlU  3"  1^r,0^T  generally  adopted,  bis  nan,e 

geniu^gaveTSce  ^  ^  inValuaMe  ^«trument  his 
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fefS1^  e?cctric%i«  caP^e,  under  certaia  dr- 
nown  nom  the  effects  oi  lightning  on  the  compass- 
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Fig.  60. 


needle  and  upon  small  steel  ^^^Si^^S^^ 
polarity  has  suddenly  teen  given  by  ^J^veredW  Oersted, 
?819  that  the  laws  of  these  phenomena  were  Ampere! 

If  a  we  conveying wiU  Slmediately 
S  its  position,  and  assiune  a  new  one  as 
bSt  Sentolai  to  the  wire  as  the  mode 
oHuIpension  and  the  magnetism  of  the  earth 
will  permit.  When  the  wire,  for  example  is 
pH toofly  over  the  needle  and ^aUelto 
\u  leno-th  while  the  current  it  carries  travel* 
£m  north  to  south  the  *»*%»J^& 

SS£tfae  same  pole  deviate. ,  tc .  an  equal 
amount  towards  the  west    Placing  ^  ^i^J 
instead  of  above  produces  the  same  eff  «*as» v       B ^ 
The  direction  which  the  ^V^T^avbe  determined  bv 

particular  ^^ffSSSC^^  *^SJ 
the  following  rule . — -L.es  «ie  w'»  //,»  «0rf7i  ?JoZe  wZZ  be 

L^/rom  Itot.  tlSJtf  of  a^araL  maybe 

in  the  direction  of  the  hands.  Ui  a  lime  piece      i  ± 


Fig.  61. 


si 


W  if  reference  is  often  required :  this  is  a  piece  of  pasteboard,  or 
Xer si SaSe  material,  cutVto  the  form  of  an  arrowtoj^ 
S  the  current,  crossed  by  a  magnet  having  its  poles  marked,  and 
Sanged  in  the  true  position  with  respect  to  the  current  The 
Son  of  the  latter  In  the  wire  of  the  galvanoscope ^n  at  once 
be  known  by  placing  the  representative  magnet  in  the  dnection 

^SeSet  lusted  to  the  action  of 

fSSthe  current  is  bent  upon  itself,  and  the  need  e 

U!  Z fhetween  the  two  portions;  and  since  every  time  the  bend- 
placed  heUveen  tne       i  ,  .g  ^  tQ  ^  m  tbe 

SSne^ipo  the^ieedle,  it  is  easy  to  see  how  a  current,  too 
LXtoTSe  any  effect  when  a  simple  straight  wire  „ 


too 
em- 
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Fig.62. 


ployed,  may  be  made  by  this  contrivance  to  exhibit  a  powerful 
action  on  the  magnet.  It  is  on  this 
principle  that  instruments  called  galva- 
nometers, galvanoscopes,  or  multipliers, 
are  constructed ;  they  serve  not  only  to 
indicate  the  existence  of  electrical  cur- 
rents, but  to  show,  by  the  effects  upon 
the  needle,  the  direction  in  which  they 
are  moving. 

The  delicacy  of  the  instrument  may 
be  immensely  increased  by  the  use  of  a  very  long  coil  of  wire 
and  by  the  addition  of  a  second  needle.    The  two  needles  are  of 
equal  size,  and  magnetised  as  nearly  as  possible  to  the  same 
extent;  they  are  then  immovably  fixed  together  parallel,  and  with 
their  poles  opposed  and  hung  by  a  long  fibre  of  untwisted  silk, 
with  the  lower  needle  in  the  coil,  and  the  upper  one  above  it 
l  he  advantage  thus  gained  is  twofold ;  the  system  is  astatic,  un- 
affected, or  nearly  so,  by  the  magnetism  of  the  earth;  and  the 
needles,  being  both  acted  upon  in  the  same  manner  by  the  cur- 
rent, are  urged  with  much  greater  force  than  one  alone  would 
be,  all  the  actions  of  every  part  of  the  coil  being  strictly  concur- 
rent.   A  divided  circle  is  placed  below  the  upper  needle,  by  which 
the  angular  motion  can  be  measm-ed;  and  the  whole  is  enclosed 
m  glass,  to  shield  the  needles  from  the  agitation  of  the  air  The 
arrangement  is  shown  in  fig.  63. 


Fig.  S3. 


shown  ST  Y^V^  Pole  and  the  w™  is  mutual,  as  may  be 
.  '  wi  hy  rendering  the  wire  itself  movable,  and  placing  a  magnet 
-  v,,  ,,, ,t ,y :  on  completing  the  circuit,  the  wire  will  be  put  in 
mSic  oie        arrangement  permits,  it  will  rotate  around  the 

1,ttlc  consideration  will  show  thai,  from  Lhe  peculiar  nature 
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Fig.  64. 


to  be  the  case,  as  may  be  proved  by  a 
variety  of  arrangements,  among  which  it 
will  be  sufficient  to  cite  the  beautiful 
little  apparatus  of  Professor  de  la  Kive. 
A  short  wide  glass  tube  is  fixed  into  a 
cork  ring  of  considerable  size  (fig.  64) ;  a 
little  voltaic  battery,  consisting  of  a  single 
pair  of  copper  and  zinc  plates,  is  fitted  to 
the  tube,  and  to  these  the  ends  of  the 
spiral  are  soldered.    On  filling  the  tube 
with  dilute  acid,  and  floating  the  whole 
in  a  laro-e  basin  of  water,  the  helix  will  be  observed  to  arrange 
LK  in0the  magnetic  meridian,  and  on  trial  it  will  be  found  to 
obey  a  magnet  held  near  it  in  the  most  perfect  manner,  as  long  as 

*  i^SS  -  the  course  of  his  ^o^—r 
of  extremely  interesting  phenomena  resulting  from  the  action  ot 
e  ecS  caT  cim-ents  on  °each  other,  which  become  evident  when 
an-an-ements  are  made  for  giving  mobility  to  the  conducting  wire  - 
He  feind  that  when  two  Currents,  flowing  in  the >  same  direc  on, 
Se  made  to  approach  each  other,,  strong  attract™. 
between  them,  and,  when  in  opposite  directions  an  equally  strong 
repulsion.    These  effects,  which  are  not  diffi- 
cult to  demonstrate,  have  absolutely  no  relation, 
that  has  hitherto  been  traced,  to  ordinary  elec- 
trical attractions  and  repulsions  from  which 
they  must  be  carefully  distinguished ;  they  are 
purely  dynamic,  having  to  do  with  electricity  m 
motion.  Ampere  founded  upon  this  discovery  a 
most  beautiful  and  ingenious  hypothesis  ot 
magnetic  actions  in  general,  which  explains 
very  clearly  the  influence  of  the  current  upon 
the  needle.  .  ,  . 

When  an  electric  current  is  passed  at  rignt 
ancdes  to  a  piece  of  iron  or  steel,  the  latter 
acquires  magnetic  polarity,  either  temporary 
or- permanent,  as  the  case  may  be;  the  direction 
of  the  current  determining  the  position  ol  t  he 
poles.  This  effect  is  prodigiously  increased  by 
causing  the  cm-rent  to  circulate  a  number  ot 
times  round  the  bar,  which  then  acquires  extra- 
ordinary magnetic  power.  A  piece  of  soft  iron, 
i  a^  n-ntn  the  form  of  a  horse-shoe  (fig.  65),  and  surrounded 
b7a eoppS  wire  covered  with  silk  or  cotton  for  the 


Fig.  G5. 
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purpose  of  insulation,  furnishes  an  excellent  illustration  of 
the  inductive  energy  of  the  current  in  this  respect :  when  the  ends 
of  the  wire  are  put  into  commivnication  with  a  small  voltaic  battery 
of  a  single  pair  of  plates,  the  iron  instantly  becomes  so  highly 
magnetic  as  to  be  capable  of  sustaining  a  very  heavy  weip-ht. 

A  current  of  electricity  can  thus  develope  magnetFsm  in  a 
transverse  direction  to  its  own ;  in  the  same  manner,  magnetism 
can  call  into  activity  electric  currents.  If  the  two  extremities 
of  the  coil  of  the  electro-magnet  above  described  be  coimected 
with  a  galvanoscope,  and  the  iron  magnetised  by  the  applica- 
tion of  a  permanent  steel  horse-shoe  magnet  to  the  ends  of  the 
bar,  a  momentary  current  will  be  developed  in  the  wire,  and 
pointed  out  by  the  movement  of  the  needle.  It  lasts  but  a  single 
instant,  the  needle,  after  a  few  oscillations,  returning  to  a  state  of 
rest.  On  removing  the  magnet,  whereby  the  polarity  of  the  iron 
is  at  once  destroyed,  a  second  current  or  wave  will  become  apparent, 
but  m  the  opposite  direction  to  that  of  the  first.  By  employing 
a  very  powerful  steel  magnet,  surrounding  its  iron  keeper  or  arma- 
ture  with  a  very  long  coil  of  wire,  and  then  making  the  armature 
itself  rotate  in  front  of  the  faces  of  the  magnet,  so  that  its  induced 
polarity  shall  be  rapidly  reversed,  magneto-electric  currents  may 

Fig.  66. 


'  Foduced,  of  such  intensity  as  to  give  bright  sparks  and  most 
Powerful  shocks,  and  exhibit  all  the  phenomena  of  voltaic  elec- 
Snd  represents  a  very  powerful  arrangement  of  this 

When  two  covered  wires  are  twisted  together  or  laid  side  by 
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side  for  some  distance,  and  a  current  transmitted  through  the  one, 
a  momentary  electrical  wave  will  be  induced  in  the  other  in  the 
reverse  direction ;  and  on  breaking  connection  with  the  battery,  a 
second  single  wave  will  become  evident  by  the  aid  of  the  galvano- 
scope,  in  the  same  direction  as  that  of  the  primary  current.  In  the 
same  way,  when  a  current  of  electricity  passes  through  one  turn 
in  a  coil  of  wire,  it  induces  two  secondary  currents  in  all  the  other 
turns  of  the  coil ;  the  first  current,  which  is  induced  when  the  circuit 
is  closed,  moves  in  the  opposite  direction  to  the  primary  current ; 
the  second,  which  comes  into  existence  when  the  circuit  is  broken, 
has  a  motion  in  the  same  direction  as  the  primary  current.  The 
effect  of  the  latter  is  added  to  that  of  the  primary  current.  Hence, 
if  a  wire  coil  be  made  part  of  the  conducting  wire  of  a  weak  electric 
pile,  and  if  the  primary  current,  by  means  of  an  appropriate 
arrangement,  be  made  and  broken  in  rapid  succession,  we  can 
increase  in  a  remarkable  manner  the  effects  which  are  produced  at 
the  moment  of  breaking  the  circuit,  either  at  the  place  of  interrup- 
tion, such  as  the  spark-discharges,  or  in  secondary  closing  conduc- 
tors, as  in  the  action  on  the  nerves  or  the  decomposition  of  water. 

If  two  copper  wires,  the  one  above  the  other,  be  twisted  round 
the  same  hollow  cylinder,  and  one  of  these  wires— for  instance, 
the  inner  one — be  made  part  of  a  galvanic  circuit,  a  current  of 
short  duration  is  induced  in  the  outer  wire,  both  by  making  and 
by  breaking  contact.    The  strength  of  this  current  can  be  very 
appreciably  increased  by  filling  the  hollow  cylinder  with  a  bundle 
of  thin  iron  rods,  when  magnetic  and  electrical  induction  are  made 
to  co-operate.    The  more  frequently  contact  is  alternately  made 
and  broken,  the  greater  is  the  number  of  induced  currents  that 
follow  each  other,  and  the  more  powerful,  within  certain  limits,  is 
the  action.    Dr.  Neef  has  constructed  an  ingenious  contrivance,  in 
which  contact  is  made  and  broken  by  the  current  itself,  whereby 
his  induction  apparatus  actually  becomes  an  electrical  machine. 
Fig.  67  exhibits  the  original  apparatus  slightly  modified.  The 
arrangement  consists  essentially  of  an  elastic  copper  strip  a  a, 
which  is  fixed  at  a',  and  carries  at  b  a  small  plate  of  soft  iron. 
The  latter  hangs  over  the  iron  rods  of  the  induction  coil,  which 
are  somewhat  raised  in  this  particular  point,  but  without  touching 
them.    The  end,  a,  of  the  copper  strip  is  covered  with  a  little 
plate  of  platinum,  which  presses  against  a  platinum  point  of  the 
screw,  c.    The  current,  having  traversed  the  inner  coil,  passes  from 
the  point,  c,  to  the  plate,  a,  in  order  to  return  through  the  copper 
strip,  a  a',  and  the  wire,  s.    By  the  passage  of  the  current  the  iron 
rods  have  become  magnetic  and  attract  the  iron  plate,  b,  whereby 
the  end,  a,  of  the  copper  strip  is  removed  from  the  platinum  point) 
and  contact  is  broken.    But  as  soon  as  the  current  ceases,  the  iron 
rods  lose  their  magnetism,  the  elastic  copper  strip  returns  to  its 
former  position,  and  establishes  again  the  current  for  a  short  time. 
The  screws,  c  and  d,  regulate  the  position  of  the  spring  and  the 
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time  of  its  oscillations,  the  velocity  of  which  maybe  estimated  by 
the  pitch  of  the  notes  produced.  This  apparatus,  called  an  induc- 
tion coil,  which  was  first  made  by  Dr.  Neef,  in  1830,  has  been 
considerably  improved  within  the  last  few  years.  Kuhmkorff 
especially,  by  a  more  perfect  isolation  of  the  wire  coils,  has  suc- 

Fig.  67. 


d 


ceeded  to  a  much  greater  extent  in  preserving  the  electrical  induc- 
tion. He  has  thus  obtained  a  state  of  electrical  tension  which 
resembles  that  produced  by  frictional  electricity,  capable  of  giving 
long  sparks  and  shocks  of  unendurable  force.  By  means  of 
Paihmkorff's  coil,  Grove  has  effected  decompositions  in  water  and 
other  bad-conducting  liquids,  which  resemble  those  obtained  manv 
years  ago  by  Wollaston  by  means  of  the  electrical  machine.  These 
phenomena  of  decomposition,  which  in  water,  for  instance,  furnish 
oxygen  and  hydrogen  at  the  same  pole,  must  be  distinguished 
from  true  electro-chemical  decompositions ;  they  are,  in  fact,  effects, 
ol  heat,  as  Grove  has  pointed  out. 


THERMO-ELECTRICITY. 

In  the  year  1822  Professor  Seebeck  of  Berlin  discovered  a  new 
source  of  electricity,  namely,  inequality  of  temperature,  and  con- 
ducting power  in  different  metals  placed  in  contact,  or  in  the 
same  metal  in  different  states  of  compression  and  density. 

Where  two  pieces  of  different  metals,  connected  together  at  each 
end,  have  one  of  their  joints  more  heated  than  the  other,  an  electric 
current  is  immediately  set  up.  Of  all  the  metals  tried,  bismulli 
and  antimony  form  the  most  powerful  combination.  A  single 
parr  of  liars  having  one  of  their  junctions  heated  in  the  manner 
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shown  in  fig.  68  can  envelope  a  current  strong  enough  to  deflect  a 
compass  needle  placed  within;  and,  hy  arranging  a  number  m  a 
sS  and  heating  their  alternate  ends,  the  intensity  ot  the  emrent 
may  he  very  much  increased.  Such  an  arrangement,  represented 
in  fig.  68,  a,  is  called  a  thermo-electric  pile. 

Fig.  68.  Fie-68-a- 


The  current  produced  by  this  instrument,  even  with  a  great 
number  of  alternations,  is  exceedingly  feeble  when  compared  with 
that  produced  by  the  voltaic  pile ;  but  the  thermomultipber  placed 
in  contact  with  a  delicate  galvanoscope  forms  an  instrument  for 
measuring  small  variations  of  temperature  far  surpassing  m  delicacy 
the  most  sensitive  air-thermometer :  it  has  rendered  most  important 
service  in  the  study  of  radiant  heat. 


ANIMAL  ELECTRICITY. 

Certain  fishes,  as  the  torpedo  or  electric  ray  and  the  electric  eel 
(Ghimnotus  electricus),  of  South  America,  are  furnished  with  a 
special  organ  or  apparatus  for  developing  electric  force,  which  is 
employed  in  defence  or  in  the  pursuit  of  prey.  Electricity  is  here 
seen  to  be  closely  connected  with  nervous  powers ;  the  shock  is 
given  at  the  will  of  the  animal,  and  great  exhaustion  follows 
repeated  exertion  of  the  power. 


PAET  II. 


CHEMISTRY  OF  ELEMENTARY  BODIES. 

The  term  element,  or  elementary  substance,  is  applied  in  chemistry 
to  those  forms  or  modifications  of  matter  which  have  hitherto 
resisted  all  attempts  to  decompose  them.  Nothing  is  ever  meant 
to  he  affirmed  concerning  their  real  nature;  they  are  simply  elements 
to  us  at  the  present  time ;  hereafter,  hy  new  methods  of  research, 
or  hy  new  combinations  of  those  already  possessed  hy  science, 
many  of  the  substances  which  now  figure  as  elements  may  possibly 
be  shown  to  be  compounds ;  this  has  already  happened,  and  may 
again  take  place. 

_  The  elementary  bodies,  at  present  recognised,  are  sixty-three 
in  number,  and  about  fifty  of  them  belong  to  the  class  of  metals. 
Several  of  these  are  of  recent  discovery,  and  as  yet  very  imper- 
fectly  known.  The  distinction  between  metals  and  non-metallic 
sal  stances,  or  metalloids,  although  very  convenient  for  purposes  of 
description,  is  entirely  arbitrary,  since  the  two  classes  graduate 
into  each  other  in  the  most  complete  manner. 

The  names  of  the  elements  are  given  in  the  following  table. 
Opposite  to  them  in  the  third  column  are  placed  certain  numbers, 
which  express  the  proportions  in  which  they  combine  together,  or 
simple  multiples  of  those  proportions ;  these  numbers,  for  reasons 
which  will  be  afterwards  explained,  are  called  Atomic  or 
Indivisible  Weights.  In  the  second  column  are  placed  sym- 
bols by  which  these  weights  are  denoted;  these  symbols  are  formed 
M  the  first  letters  of  the  Latin  names  of  the  elements,  a  second 
letter  being  added  when  the  names  of  two  or  more  elements  begin 
With  the  same  letter. 

The  names  of  the  most  important  elements  are  distinguished 
by  the  largest  and  most  conspicuous  type ;  those  next  in  impor- 
tance, by  small  capitals ;  while  the  names  of  elements  which  are 
oi  rare  occurrence,  or  of  which  our  knowledge  is  still  imperfect, 

"  P™*~  111  the  ordinary  type.  The  names  with  an  asterisk  are 
inose  ol  Metalloids,  the  others  are  names  of  Metals. 
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Table  of  Elementary  Bodies  with  their.  Symbols 
and  Atomic  Weights. 


Name. 


ALUMINIUM 

Antimony  (Sti- 
bium) 
Arsenic 
Barium 
Beryllium 
Bismuth 
Boron* 
BROMINE* 
Cadmium 
Cesium 
CALCIUM 
CARBON* 
Cerium 
CHLORINE* 
Chromium 
Cobalt 

COPPER  (Cu- 
prum) 
Didymium 
Erbium 
FLUORINE* 
Gold  (Aurum) 
HYDROGEN* 
Indium 
IODINE* 
Iridium 

IRON  (Ferrum) 
Lanthanum 
LEAD  (Plum- 
bum) 
Lithium 
Magnesium 
MANGANESE 
MERCURY  (Hj 
drargyrum) 


Symbol. 

A   f  A  rf\  1 

I\  I  UI111L 

Weight. 

Name. 

Symbol. 

Atomic 
Weight. 

Al 

27 '4 

Molybdenum 

•Mo 

96 

Nickel 

X>  1 

58-8 

Sb 

122 

Niobium 

IN  0 

As 

75 

NT 

14 

Ba 

137 

Osmium 

1QQ-9 

Be 

9'4 

f\  wr<  new* 

X<J 

Bi 

210 

Palladium 

P.I 

106'6 

B 

11 

p 

O  J. 

Br 

80 

T>T  a  TTTaTTTM 

Pt 

197*4 

Cd 

112 

POTASSIUM 

TT 

1\ 

39*1 

Cs 

133 

(Kalium) 

Ca 

40 

Rhodium 

ivii 

lU-i  -± 

C 

12 

Rubidium 

IvO 

oO  -± 

Ce 

92 

Ruthenium 

Itll 

i\j-±  -± 

CI 

35-5 

Selenium* 

&e 

Id- A 

/y  4- 

Cr 

52-2 

SILICIUM 

bl 

OQ 
ZD 

Co 

58'8 

SILVER  (Argen- 

tum) 

1  AQ 

Cu 

63-4 

SOU1UJYL  (i>a- 

D 

95 

trium) 

INa 

OQ 

li 

112-6 

Strontium 

or 

o/  D 

F 

19 

SULPHUR* 

61* 

An 

197 

Tantalum 

la 

1  QO 

H 

1 

Tellurium* 

To 

.i  e 

In 

113-4 

Thallium 

mi 
11 

204 

I 

127 

Thorinum 

1 11 

It 

198 

TIN  (Stannum) 

Sn 

118 

Fe 

56 

Titanium 

Ti 

50 

La 

93-6 

Tungsten,  or 

Wolfram 

w 

184 

Pb 

207 

Uranium 

u 

240 

Li 

7 

Vanadium 

V 

51-2 

Mg 

24 

Yttrium 

Y 

61-7 

Mn 

55 

ZINC 

Zn 

65"2 
89-6 

Zirconium 

Zr 

Hg 

200 

It  must  be  distinctly  understood  that  the  atomic  or  combining' 
weWits  assigned  to  the  elements  are  merely  relative.    The  number 
1  assumed  to  hydrogen  may  represent  a  grain,  ounce,  pound,  gram. 
kHoaram  &c.  and  the  numbers  assigned  to  the  other  elements 
will  then  represent  so  many  grains,  ounces,  pounds,  gw 


kilo- 
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grams,  &c.  Hydrogen  is  taken  as  the  unit  of  the  scale,  because 
its  combining  weight  is  smaller  than  that  of  any  other  element; 
hut  this  is  merely  a  matter  "of  convenience ;  in  the  older  tables  of 
atomic  weights  that  of  oxygen  was  assumed  as  100,  that  of  carbon 
being  then  75,  that  of  hydrogen  6-25,  &c,  &c. 

By  the  combination  of  the  elements  in  various  proportions,  and 
in  groups  of.  two,  three,  or  larger  numbers,  all  known  conrpound 
bodies  are  produced.  And  here  it  is  important  to  state  clearly  the 
characters  which  distinguish  true  chemical  combination  from 
mechanical  mixtivre,  and  from  that  kind  of  adhesion  which  gives  ' 
rise  to  the  solution  of  a  solid  in  a  liquid.  Bodies  may  be  mixed 
together  in  any  proportion  whatever,  the  mixtiu'e  always  exhibit- 
ing properties  intermediate  between  those  of  its  constituents,  and 
in  regular  gradation,  according  to  the  quantity  of  each  that  may 
be  present,  as  may  be  seen  in  the  fusion  together  of  metals  to  form 
alloys,  in  the  mixture  of  water  with  alcohol,  of  alcohol  with  ether, 
and  of  different  oils  one  with  the  other.  A  solid  body  may  also 
be  dissolved  in  a  liquid — salt  or  sugar  in  water,  for  example — in 
any  proportion  up  to  a  certain  limit,  the  solution  likewise  exhibit- 
ing a  regular  gradation  of  physical  properties,  according  to  the 
quantity  of  the  solid  taken  up.  But  a  true  chemical  compound 
exhibits  properties  totally  different  from  those  of  either  of  its  con- 
stituent elements,  and  the  proportion  of  these  constituents  which 
form  that  particular  compound  admits  of  no  variation  whatever. 
Water,  for  example,  is  composed  of  two  elements,  oxygen  and 
hydrogen,  which,  when  separated  from  one  another,  appear  as 
colourless  gases,  differing  widely  in  their  properties  one  from  the 
other,  and  from  water  in  the  state  of  vapour ;  moreover,  water, 
whether  obtained  from  natural  sources,  or  formed  by  direct  com- 
bination of  its  elements,  always  contains  in  100  parts  by  weight, 
88-9  parts  of  oxygen,  and  ll'll  of  hydrogen.  Common  salt,  to 
take  another  example,  is  a  compound  of  chlorine  and  sodium,  the 
former  of  which,  in  the  separate  state,  is  a  yellow  gas,  the  latter  a 
yellowish- white  highly  lustrous  metal,  capable  of  "burning  in  the 
air,  and  decomposing  water ;  moreover,  from  whatever  part  of  the 
world  the  salt  may  be  obtained,  100  parts  of  it  invariably  contain 
39-6  parts  of  sodium,  and  60-4  parts  of  chlorine.  Further,  when 
two  or  more  compounds  are  formed  of  the  same  elements,  there  is 
no  gradual  blending  of  one  into  the  other,  as  in  the  case  of  mix- 
tures, but  each  compound  is  sharply  defined,  and  separated,  as  it 
were,  from  the  others  by  an  impassable  gulf,  exhibiting  properties 
custrnct  from  those  of  the  others,  and  of  the  elements'  themselves 
Hi  the  separate  state.  Thus,  there  are  two  compounds  of  carbon 
and  oxygen,  one  of  which,  containing  3  parts,  by  weight,  of  carbon, 
V[U  4  of  oxygen,  is  an  inflammable  gas,  lighter  than  atmospheric 
f>"\  and  not  absorbed  by  solution  of  potash;  while  the  other 
Which  contains  3  parts  of  carbon  and  8  of  oxygen,  is  non-inflma- 
mable,  heavier  than  air,  and  easily  absorbed  by  potash. 


110 


CHEMISTRY  OF  ELEMENTARY  BODIES. 


We  now  proceed  to  the  special  description  of  the  non-metallic 
elements,  commencing  with  those  which  enter  into  the  composi- 
tion of  the  ocean  and  the  atmosphere. 


OXYGEN. 

Atomic  weight,  16  ;  symbol,  0. 

Oxygen  was  discovered  in  the  year  1774  by  Scheele,  in  Sweden 
and  Priestley,  in  England,  independently  of  each  other  and 
described  under  the  terms  empyreal  air  and  dephlogisticated  air. 
The  name  oxygen*  was  given  to  it  by  Lavoisier  some  time  after- 
wards Oxygen  exists  in  a  free  and  uncombined  state  m  the 
atmosphere,  mingled  with  another  gaseous  body  mtrogen.  Iso 
verv  "ood  direct  means  exist,  however,  for  separating  it  torn  the 
latter  ;  and,  accordingly,  it  is  always  obtained  for  purposes  of 
experiment  by  decomposing  certain  of  its  compounds,  which  are 
very  numerous.  .  .  - ,  . 

the  red  oxide  of  mercury,  or  red  precipitate  of  the  old  writers, 
may  be  employed  for  this  purpose.  In  this  substance  the  attraction 
which  holds  together  the  mercury  and  the  oxygen  is  so  feeble, 
that  simple  exposure  to  heat  suffices  to  bring  about  decomposition. 


Fig.  69. 


The  red  precipitate  is  placed  in  a  short  tube  of  hard  glass,  to  which 
is  fitted  a  perforated  cork,  furnished  with  a  piece  of  narrow  glass 

*  From  o£u,  .acid,  and  yev,  a  root  signifying  production. 
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tuLe,  bent  as  in  fig.  69.  The  heat  of  a  spirit-lamp  being  applied 
to  the  substance,  decomposition  speedily  commences ;  globules  of 
metallic  mercury  collect  in  the  cool  part  of  the  wide  tube,  which 
answers  the  purpose  of  a  retort,  while  gas  issues  in  considerable 
quantity  from  the  apparatus.  This  gas  is  collected  and  examined 
by  the  aid  of  the  pneumatic  trough,  which  consists  of  a  vessel  of 
water  provided  with  a  shelf,  upon  which  stand  the  jars  or  bottles 
destmed  to  receive  the  gas,  filled  with  water  and  inverted.  By 
keeping  the  level  of  the  liquid  above  the  mouth  of  the  jar,  the 
water  is  retained  in  the  latter  by  the  pressure  of  the  atmosphere 
and  entrance  of  air  is  prevented.  When  the  jar  is  brought  over 
the  extremity  of  the  gas-delivery  tube,  the  bubbles  of  gas  risino- 
through  the  water,  collect  in  the  upper  part  of  the  jar,  and  dis- 
place the  liquid.  As  soon  as  one  jar  is  filled,  it  may  be  removed 
still  keeping  its  mouth  below  the  water-level,  and  another  substi- 
tuted.   The  whole  arrangement  is  shown  in  fig.  69. 

The  experiment  here  described  is  more  instructive  as  an  excel- 
lent case  of  the  resolution  by  simple  means  of  a  compound  body 
into  its  constituents,  than  valuable  as  a  source  of  oxyo-en  gas  A 
better  and  more  economical  method  is  to  expose  to  heat  in  a  retort 
or  flask  furnished  with  a  bent  tube,  a  portion  of  the  salt  called 
potassium  chlorate.  A  common  Florence  flask  serves  perfectly 
well  the  heat  of  the  spirit-lamp  being  sufficient.  The  salt  melts 
and  decomposes  with  ebullition,  yielding  a  very  large  quantity  of 
oxygen  gas,  which  may  be  collected  in  the  way  above  described 
the  first  portion  of  the  gas  often  contains  a  little  chlorine  The 
white  saline  residue  in  the  flask  is  potassium  chloride.  This  plan 
which  is  very  easy  of  execution,  is  always  adopted  when  very  pure 
gas  is  required  for  analytical  purposes. 

_  A  third  method,  very  good  when  perfect  purity  is  not  demanded, 
is  to  heat  to  redness,  in  an  iron  retort  or  gun-barrel,  the  black  man- 
ganese oxide  of  commerce,  which  under  these  circumstances  suffers 
decomposition,  although  not  to  the  extent  manifest  in  the  red 
precipitate. 

If  a  little  of  theblack  manganese  oxide  be  finely  powdered  and 
mixed  with  potassium  chlorate,  and  this  mixture  heated  in  a  flask 
Z  ,,Rftort  °!  a  ]amP>  °xygen  will  be  disengaged  with  the  utmost 
launty,  and  at  a  far  lower  temperature  than  when  the  chlorate 
alone  is  used.  All  the  oxygen  comes  from  the  chlorate,  the  man- 
ganese remaining  quite  unaltered.  The  materials  should  be  well 
i  -l  m  a  capsule  before  their  introduction  into  the  flask.  This 
Ji       "i    ,  an  instance  of  an  effect  by  no  means  rare,  in 

wmch  a  hody  seems  to  act  by  its  mere  presence,  without  taking 
•'^  '•  •vinus  ,,,,•(  ,„  the  change  brought  about, 
fm  J ,  i   i       ,"'  I     PrePara-tion  of  oxygen  on  a  large  scale  will  be 
-lioxi'l,  eS°r  "     Under  the  heads  of  8ulPh"rio  acid  and  barium 
Whatever  method  be  chosen— and  the  same  remark  applies  to 
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the  collection  of  all  other  gases  by  similar  means-the  first  por- 
tion of  gas  must  he  suffered  to  escape,  or  he  received  apart  as 
tK?  are  contaminated  hy  the  atmospheric  air  of  the  .  apparatus 
ThI  poetical  management  of  gases  is  a  point  of  great  ™portooe 
to  the  chemical  stulent,  and  one  with  which  he  must  endeavour 
to  fannliatise  himself.  The  water-trough  just  described  is  one  o 
the  iS  hidispensahle  articles  of  the  laboratory,  and  by  its  aid  all 


Fig.  70. 


experiments  on  gases  are  carried  on  when  the  gases  themselves  are 
S  sensibly  acted  upon  by  water    The  trough  is  beat. <^™f  bJ 
of  iananned  copper,  the  form  and  dimensions  being  regulated  by 
til  magnitude  of  the  jars.    It  shoidd  have  a  firm  shelf,  so  arranged 
as  to  beTlways  about  an  inch  below  the  level  of  the  water,  and  m 
?he  shelf  a  groove  should  be  made  about  half  an  inch  m  width, 
and  the  same  in  depth,  to  admit  the  extremity  of  the ;  delivety- 
tube  beneath  the  jar,  which  stands  securely  upon  the  shelf.  When 
the  pneumatic  trough  is  required  of  tolerably  large  dimensions, 
t  mav  with  great  advantage  have  the  form  and  dispositions  repre- 
sented in  fig  70.    The  encl  of  the  groove  spoken  of,  winch  crosses 
the  shelf  or  shallow  portion,  is  shown  at  a. 

Gases  are  transferred  from  jar  to  jar  with  the  utmost  facility, 
bv  first  filling  the  vessel,  into  which  the  gas  is  to  be  passed,  witr, 
water  inverting  it,  carefully  retaining  its  mouth  below  the  water- 
evel  and  then  bringing  beneath  it  the  aperture  of  the  jar  contain- 
ing the  gas.  On  gently  mclining  the  latter,  the  gas  parses ;  by  a 
Vhul  of  inverted  decantation  mto  the  second  vessel.  _  When  tlie 
Sex  is  narrow,  a  funnel  may  be  placed  loosely  m  its  neck,  by 
which  loss  of  gas  will  be  prevented. 

l  iar  wholly  or  partially  filled  with  gas  at  the  pneumatic  trough 
,nav  be  removed  by  placing  beneath  it  a  shallow  basin,  or  even  a 
Smon  Plate,  so  as  to  carry  away  enough  water  to  cover  the 
S  of  the  jar;  and  many  gases,  especially  oxygen,  may  be  so 

for  manv  hours  without  material  injury. 
P  Caspars are  often  capped  at  the  top,  and  fitted  with  a  stop- 


Fig.  71. 
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cock  for  transferring  gas  to  bladders  or  caoutchouc  ba^s  When 
such  a  vessel  is  to  be  Med  with  water,  it  may  be  slowly  sm k 
in  an  upright  position  in  the  well 
of  the  pneumatic  trough,  the  stop- 
cock being  open  to  allow  the  air  to 

escape,  until  the  water  reaches  the 

brass  cap.    The  cock  is  then  to  be 

turned,  and  the  jar  lifted  upon  the 

shelf,  and  filled  with  gas  in  the  usual 

way.    If  the  trough  be  not  deep 

enough  for  this  method  of  proceed- 
ing, the  mouth  may  be  applied  to 

the  stop-cock,  and  the  vessel  filled 

by  sucking  out  the  air  until  the 

water  rises  to  the  cap.    In  all  cases 

it  is  proper  to  avoid  as  much  as 

possible  wetting  the  stop-cocks,  and 

other  brass  apparatus. 
Mr  Pepys  contrived,  many  years 

ago,  an  admirable  piece  of  apparatus  for  storing  and  retaining 

large  quantities  of  gas.    It  consists  of  a  drum  oi^ese  voir  ofThel 

copper,  surmounted  by  a  shallow  trough  or         iebeivolx  01  snea 

cistern,  the  communication  between  the 
two  being  made  by  a  couple  of  tubes  fur- 
nished with  stop-cocks,  one  of  which  passes 
nearly  to  the  bottom  of  the  drum,  as  shown 
m  hg  72  A  short  wide  open  tube  is  in- 
serted obliquely  near  the  bottom  of  the 
vessel,  into  which  a  plug  may  be  tightly 
screwed  A  stop-cock  near  the  top  serves 
to  transfer  gas  to  a  bladder  or  tube-appa- 
It  i*<£  glasa  water"gauge  affixed  to  the 
siae  ol  the  drum,  and  communicating  with 
both  top  and  bottom,  indicates  the  level 
ot  the  liquid  within. 
To  use  the  gas-holder,  the  plug  is  first 

o  be  screwed  into  the  lower  opening,  and 
the  drum  completely  filled  with  water?  All 

ircssure  onf"  ;"'f'  ' t0  be  ?l08ed  and  the  P]US  rem°™a.  The 
f  n   ah  ,lve  atmo8P^e  retains  the  water  in  the  gas-holder,  and 

extreZv  J  tf  °'i '  !" tlK!  TaPe  of  water  is  ^considerable.  The 
SSiirh       1;v"7-,"l,('  18        to  be  well  pushed  through 

-   out  hindrance  to  the  upper  part,  displacing  the  «,,,!. 

eSion     W.  m  lu'  8re  I"'»P^tion  into  a  vessel  placed  for  its 

cSS'  fwf?  the  'lnmi  is  niled>  or  CI1°»gk  ga8  ^s  been 
<pctcd,  the  tube  is  withdrawn  and  the  plug  screwed  into  its 
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Fig.  73. 


When  a  portion  of  the  gas  is  to  be  transfer edto  the  kte 
is  to  be  filled  with  water  at  the  ^J^^J  ^ 

help  of  a  basin  or  plate  to  the  cistern  of  the  gas^ h™;.  hbouriB 
ove?  the  shorter  tube.    On  opemng  Ig^^*^  of  g 

column  of  water  will  cause  compression 
of  the  gas,  and  increase  its  elastic  force, 
so  thatt  on  gently  turning  the  cock  be- 
neath the  jar,  it  will  ascend  into  the 
latter  in  a  rapid  stream  of  bubbles. 
The  iar,  when  filled,  may  again  haye 
the  plate  slipped  beneath  it,  and  be 
removed  without  diffictdty.  _ 

Oxygen,  when  free  or  uncombmed, 
is  known  only  in  the  gaseous  state 
all  attempts  to  reduce  it  to  the  hquid 
or  solid  condition  by  cold  and  pressure 
having  completely  failed.  When  pure,  it 
is  colorless,  tasteless,  and  inodoiws  atmospheric  air, 

Oxygen  is  bulk  foi ^  ^0563  refemd  to  that  of  air  as  unity, 

at  the  standard  temperature  and  pressure,  that  is 
and  760  millimeters  barometric  pressure,  ™^^°^2c 
At  15-5°  C  (60°  F.),  and  under  a  pressure  of  30  inches,  100  cudic 
inches  of  the  gas  weigh  34-29  grains.  ^ 
Oxygen  is  the  sustaining  principle  of  f™XCn^the  air, 
ordinary  phenomena  of  combustion    Bodies  ^hich  bmn  m  the  air 

^eiSiS  £«es^  W  ra  ^STthe 
Wty  o  the  gas  when  it  is  about  to  be  collected  from  the  retort  or 
Sffi  CAod  some  time  in  contact  with  water  e^osed  to  auv 
When  a  bit  of  charcoal  is  affixed  to  a  wire  and  plunged ^witta 
single  po  ut  red-hot  into  a  jar  of  oxygen,  it  burns  with _great 
K£  throwing  off  beautiful  scintillations  until,  if  the  oxygeu 
pTu  excess  it  is  completely  consumed.    An  iron  wire,  or,  till 
}         n  steel  watch-spring,  armed  at  its  extremity  with  a  bit  of 
wfik  amadoT^m&duced  into  a  vessel  of  oxygen  gas 
SXts  a most  beautiful  phenomenon  of  combustion     If  the 
CXh  be  made  in  a  iar  standing  on  a  plate,  the  fused 

efPSs  of  Hack  iron  oxide1  fix  themselves  in  the  glaze  of  the 
?  h  nfter  feK  through  a  stratum  of  water  half  an  inch  m  dep  h 
Seflulp^^uJwith  great  beauty  in  oxygen;  and  PW 
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phorus,  under  similar  circumstances,  exhibits  a  splendour  which 
the  eye  is  scarcely  able  to  support.    In  each  case  the  burning  body 

Man  oJcU         °nWith        °XygeD'  f01'm^  a  c°4ound 

ia  hody  b™s  £  oxygp  gas  the  same  ultimate  effect  is 
produced  as  in  atmospheric  air;  the  action  is,  however,  more 
energetic,  from  the  absence  of  the  gas  which,  in  the  air,  dilutes  the 
oxygen  and  enfeebles  its  chemical  powers.  The  process  of  respira- 
tion blooHn  effi? -°f  th?  Same  natUre  as  ""com- 
bustion.   The  blood  contains  substances  which  slowly  burn  by 

the  aid  of  the  oxygen  thus  introduced  into  the  system.  When  this 
action  ceases,  life  becomes  extinct.  ™ 

Oxides.  —  General  Laws  of  Chemical  ComWriaH^ 
Chemical  Nomenclature,  and  NotatSn  tK^S 

formed  by  the  union  of  oxygen  with  other  bodies  hCXe 
general  name  of  oxides;  they  are  yery  numerous  and  minor! 
tent    They  are  conveniently  divided  into  three  principal  ™up8 
or  classes.    The  first  division  contains  all  those  oxides  which 
resemble  m  their  chemical  relations  the  oxides  of  Saslmm 
sodium,  silver,  or  lead :    these  are  denominated  alkaline 2 
basic  oxides.     The  oxides  of  the  second  group  have  moner 
es  opposed  to  those  of  the  bodies  mentioned  f  tiTSSrf 
sulphur  and  phosphorus  may  be  taken  as  the  typical  repre 
sentatives  of  the  class  ;  they  are  called  acid  oxiclTs  and  Ce 
capable  of  uniting  with  the  basic  oxides,  and  Wina  com 
pounds  called  Baits.    Thus,  when  the  oxide  of  sulphm  called 
•sulphuric  oxide,  is  passed  in  the  state  of  vapom  over'  heated 
barium  oxide,  combination  takes  place,  attended  with  vivid  inc  t 
lescence  and  a  salt  called  barium  sulphate  is  pYoducS conS" 

2il tt™l  °f  ^  tW°  °ri^al  ™i  -mefy,  bar^ 
There  is  also  an  intermediate  group  of  oxides  nlWl  no„t,  i 
The  bh'  ?°Vh7  8h'ght  disP°^on  to  fe^fffil 
Sk  °?de  °f  manganese,  already  mentioned,  is  aTSK 

gen  sS?a8aJont±Te  V  Pa:,,ici,,ar  SrouP'  namely-  tie  hydro- 
ftyVogen'oST^  hG  e]ements1?f  ^  acid  oxide  and  water 
KKanv^J^ch  are  .^PeciaUy  distinguished  as  acids, 
to  wSch  tK™  em3°*»e*«  ™  ^  eminent  degree  the  properties 
corros  ve  ^  ^  •  «",,CTal,y  aPPlied>  such  as  a  sour  taste, 
^flirty  m  water,  ancf  the  power  of  reddening 
certain  blue  vegetable  colours.    A  characterise  property  of  these 
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acids,  or  hydrogen  ^**£^£g£^J£^ 
gen  for  a  metal  presented  to  th^.;JVontains  sulphur,  oxygen, 
of  oxide.  Thns,  ^olvef mlS  S^e  melal  % 
and  hydrogen,  readily  dissolves  '       d  forming  a  salt 

place  of  the  ^^^^^T^fS,  a  «  S  P™- 
containing  sulphur,  oxygen,  and .zmc 'ti   ti    '  fzincfor  hydrogen. 

take  place 

The  same  substitution  and  *prmatton  01  ^  l        id   ^  in 

when  zinc  oxide  is  brought  m  contac ;  vnth  sulph  ^  ^ 

this  case  the  hydrogen,  instead  of ^^^df  ^orming  water. 
hined  with  the  oxygen  ^ed  fio^he  anc  om  ^° 

A  series  of  oxides  containing  <^^&<£y£Mbmt  quantity 
tion  of  the  numbers  1  J^™**  ™m— ,  Moride,  and 
of  another  element,  are •  ^fe1^^  indicating  the  several 
S££  T^^fimvS,  .—ate  between  a 
S&  and  a  dioxide  is  called  a  ,^  ^ 

52-5    +  16 

Chromium  monoxide,        •       •  59.&    _|  24 

Chromium  sesquioxide,      .       •  5^.5  32 

Chromium  dioxide,     .       •       •  59.5    _i_  48 

Chromium  trioxide,  •  • 

for°the  higher  degree  of  oxidation,  e.  g. :-  ^  0sygen 

Iron  monoxide,  or  Ferrous  oxide,  .       .       ™     !  24 
Iron  sesquioxide,  or  Feme  oxide,  T 

The  salts  resulting  from  the  action  of  acids  on  these  oxides  are 

sulphur:—  gnlphur  0xygen. 

•  1  *39     4-  32 

Sulphurous  OXlde,  °-    ^  Hydrogen. 

Hydrogen  sulphite,  or  Sulphurous  acid,  32    +    4S  +^2 

, .  <t2  4-    48    +  207 

Lead  sulphite,       .      •      •  • 

00  4-  48 

Sulphuric  OXlde,  1  Hydrogen. 

Hydrogen  sulphate,  or  Sulphuric  acid,    32    +    64    +  Jl 

a     1  Wp  •       •       32    4-    64    +  207 

Lead  sulphate, 
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The  acids  above  spoken  of  are  oxygen-acids ;  and  formerly  it 
was  supposed  that  all  acids  contained  oxygen — that  element  being 
indeed,  regarded  as  the  acidifying  principle :  hence  its  name  (p! 
110).  At  present,  however,  we  are  acquainted  with  many  bodies 
which  possess  all  the  characters  above  specified  as  belonging  to  an 
acid,  and  yet  do  not  contain  oxygen.  For  example,  hydrochloric 
acid  (formerly  called  muriatic  acid,  or  spirit  of  salt)— which  is  a 
hydrogen  chloride,  or  compound  of  hydrogen  and  chlorine— is 
intensely  sour  and  corrosive;  reddens  litmus  strongly;  dissolves 
zinc,  which  drives  out  the  hydrogen  and  takes  its  place  in  com- 
bination with  the  chlorine,  forming  zinc  chloride ;  and  dissolves 
most  metallic  oxides,  exchanging  its  hydrogen  for  the  metal,  and 
forming  a  metallic  chloride  and  water. 

Bromine,  iodine,  and  fluorine,  also  form,  with  hydrogen,  acid 
compoimds  analogous  in  every  respect  to  hydrochloric  acid. 

Compounds  of  chlorine,  bromine,  iodine,  fluorine,  sulphur, 
selenium,  phosphorus,  &c,  with  hydrogen  and  metals,  are  grouped^ 
like  the  oxygen  compounds,  by  names  ending  in  ide:  thus  we 
speak  of  zinc  chloride,  calcium  fluoride,  hydrogen  sulphide,  copper 
phosphide,  &c.  The  numerical  prefixes,  mono,  di,  tri,  &c,  as 
also  the  terminations  ous  and  ic,  are  applied  to  these  compounds 
m  the  same  manner  as  to  the  oxides,  thus — 

Hydrogen  bromide, 

Potassium  monosulphide, 
Postassium  disulphide,  . 
Potassium  trisulphide,  . 
Potassium  tetrasulphide, 
Potassium  pentasulphide, 

Ferrous  chloride,  . 
Ferric  chloride, 

Stannous  sulphide,  . 
Stannic  sulphide,  . 

The  Latin  prefixes  uni,  bi,  ter,  quadro,  &c,  are  often  used  instead 
ot  the _  corresponding  Greek  prefixes;  there  is  no  very  exact  rule 


Hydrogen. 

Bromine. 

1 

+ 

80 

Potassium. 

Sulphur. 

78-2 

+ 

32 

78-2 

+ 

64 

78-2 

+ 

96 

78-2 

+ 

128 

78-2 

+ 

160 

Iron. 

Chlorine. 

56 

+ 

71 

56 

+ 

105-5 

Tin. 

Sulphur. 

118 

+ 

64 

118 

+ 

128 

roc™  f      ii_  •  °  i   r-""-,"JU  J  ""oic  u  iiu  very  e.vaut  I  uie 

meeting  their  use;  but,  generally  speaking,  it  is  best  to  employ 
T  °7^tin  Prefix'  according  as  the  word  before  which  it  is 
£     -S,     Gree^  or  Latin  ori«in-    Thns,  dioxide  corresponds  to 
J"I'i!|<le;  on  the  whole,  however,  the  Greek  prefixes  are  most 
generally  employed.  1 

The  composition  of  these  oxides  and  sulphides  affords  an  illus- 
CTatmn  ol  a  law  which  holds  good  in  a  large-  number  of  instances  of 
wiemical  combination,  viz.,  that  token  two  bodies,  A  and  B,  are  capable 
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of  uniting  in  several  proportions,  the  several  qu  ^ffs0fj 

bine  with  a  given  or  constant  quantity  of  A  stand  to  o 

veru  simvle  ratios.    Thus,  the  several  quantities  of  sulphur  which 

3eS  a  g^eu  quantity  (78-2  parts)  of  potassium  are  to  one 

another  as  the  numbers 

1,  2,  3,  4,  5; 

and  the  quantities  of  oxygen  which  unite  with  a  given  quantity 
of  chromium  are  as  the  numbers 

1,  lh  2>  ?' 

or  2,  3,  4,  6. 

It  must  he  especially  ohserved  that  no  compounds  are  known 
interSate  in  composition  between  those  which  are  represent  d 
hy  these  numbers.  There  is  no  oxide  of  chromium  contarorng  15 
or  14  or  2§  times  as  much  oxygen  as  the  lowest;  no  sulphide  ol 
P^alsiunAke  quantity  of  sulphur  in  which  ^  expressed  by  any 
Pactional  multiple  of  the  lowest.  The  quantities  of  tl  eoneete 
ment  which  can  unite  with  a  constant  quantity  of  the  othei 
Urease,  not  continuously,  but  by  successive  and  ™l^n<£ 
steps  or  increments,  standing  to  one  another,  for  the  most  part,  in 

^raSftjfSLaw  of  Multiples."    The  observation  of 
it  has  led  to  the  idea  that  the  elementary  bodies  are  composed  oi 
ultimate  or  indivisible  particles  or  atoms,  each  having  i  constant 
weight  peculiar  to  itself  (the  atomic  weights  given  in  the  t&ble  on 
pa-S  108),  and  that  combination  between  two  elements  takes  place 
?y°the  juxtaposition  of  these  atoms.    A  collection  of  elementary 
atoms  united  together  to  form  a  compound  constitutes  a  mole  cule, 
the  weicdrt  of  which  is  equal  to  the  sum  of  the  weights  of  its  com- 
ponent °atoms.    Thus  an  atom  of  chlorine  weighing  35'5  unites 
with  an  atom  of  hydrogen  weighing  1   to  form  amoWeo 
hydrogen-chloride  weighing  36'5.    An  atom  of  oxygen  weighm 
16  unites  with  2  atoms  of  hydrogen,  each  weighing  1,  to  form  a 
molecule  of  water,  weighing  16  +  2  1  =  18.  .  An  atom  of  oxygen^ 
weighing  16  unites  with  an  atom  of  lead,  weighing  207,  to  term  a 
molecule  of  lead-oxide,  weighing  223.    Two  atoms  of  PO^smm, 
each  weighing  39-1,  unite  with  1,  2,  3,  4,  and  5  atoms  of  sulphur, 
each  weighing  32, 'to  form  the  several  sulphides  enumerated  on 

^These' combinations  are  represented  symbolically  by  the  juxta- 
position of  the  symbols  of  the  elementary  atoms  given  m  t  u 
Ke already  referred  to;  thus  the  molecule  of  hydrogen-chloride, 
1  atom  of  hydrogen  and  1  atom  of  chlorine,  M 
™ented  by  the  symbol  or  formula  HC1 ;  that  ot  water  (2 
K  of  hydlogen  and  1  atom  of  oxygen),  by  HHO,  or  mo* 
shortly  H20.    In  like  maimer  the  different  oxides  and  sulphides, 
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acids  and  salts  above  enumerated,  are  represented  symbolically 
as  follows : — 

Chromium  monoxide    .       .       .  CrO 

Chromium  sesquioxide  .       .       .  CrCrOOO  or  Cr2  03 

Chromium  dioxide       .       .       .  CrOO       or  CrO, 

Chromium  trioxide       .       .       .  CrO  00     or  Cr  03 

Sulphurous  oxide        .       .       .  SOO         or  SO., 
Hydrogen  sulphite  or  Sulphurous 

acid   SOOOHHotSO.H, 

Lead  sulphite       ....  SOOOPb  or  S03  Pb 

Potassium  monosulphide      .       .  KKS        or  K2  S 

Potassium  bisidphide    .       .       .  KKSS      or  K2  S, 

Potassium  trisulphide  .       .       .  KKSSS    or  K2  S3 

Potassium  tetrasulphide       .       .  KKSSSS  or  K2  S4 

Potassium  pentasulphide      .       .  KKSSSSS  or  K2  S5 

A  group  of  two  or  more  atoms  of  the  same  element  is  denoted 
by  placing  a  numeral  either  before  the  symbol,  or,  as  in  the  pre- 
ceding examples,  a  small  numeral  to  the  right  of  the  symbol,  and 
either  above  or  below  the  line ;  thus  000  mav  be  abbreviated 
into  30,  or  O3,  or  03. 

The  multiplication  of  a  group  of  dissimilar  atoms  is  denoted  by 
placing  a  numeral  to  the  left  of  the  group  of  symbols,  or  by 
enclosing  them  in  brackets,  and  placing  a  small  numeral  to  the 
right:  thus,  3HC1  or  (HC1)3  denotes  3  molecules  of  hydrogen- 
chloride  ;  2H2S04  denotes  2  molecules  of  hydrogen  sulphate. 

The  combination  of  two  groups  or  molecules  is  denoted  by 
placing  their  symbols  in  juxtaposition,  with  a  dot  between  them  : 
thus  ZnO.S03  denotes  a  compound  of  zinc  oxide  with  sulphur 
trioxide ;  K2O.H20,  a  compound  of  potassium  oxide  with  hydrogen 
oxide  or  water.  Sometimes  a  comma  or  the  sign  +  is  used  instead 
ol  the  dot.  To  express  the  multiplication  of  such  a  group,  the 
whole  is  enclosed  in  brackets,  and  a  numeral  placed  on  the  left ; 
e.g.  2(ZnO.S03) ;  3(K2O.H20),  &c.  If  the  brackets  were  omitted,  the 
numeral  would  affect  only  the  symbols  to  the  left  of  the  dot ;  thus 
3  K,0.H20  signifies  3  potassium  oxide  and  1  water,  not  3  potassium 
oxide  and  3  water.* 

Equivalents. — It  has  been  already  stated  that  elements  can  replace 
one  another  in  combination;  thus,  when  hydrogen  chloride  is 
placed  in  contact,  with  zinc,  the  zinc  dissolves  and  enters  into 
combination  with  the  chlorine,  while  a  quantity  of  hydrogen  is 
evolved  as  gas.  Now  this  substitution  of  zinc  for  hydrogen  always 
takes  place  in  definite  proportion  by  weight,  32-6  parts  of  zinc 
being  dissolved  for  every  1  part  of  'hydrogen  expelled.  In  like 
manner  when  potassium  is  thown  into  water,  hydrogen  is  evolved 

rhe  neglect  of  this  distinction  often  leads  to  considerable  confusion  in 
cnemical  notation. 
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and  the  potassium  dissolves,  39-1  parts  of  the  metal  dissolving  for 
every  1  part  of  hydrogen  given  off.  Again,  if  silver  be  dissolved 
in  nitric  acid,  and  metallic  mercury  immersed  in  the  solution,  the 
mercury  will  be  dissolved  and  will  displace  the  silver,  which  will 
be  separated  in  the  metallic  state ;  and  for  every  100  parts  ot  mer- 
cury dissolved  108  parts  of  silver  will  be  thrown  down.  In  nice 
manner  copper  will  displace  the  mercury  in  the  proportion  ot 
31-75  parts  of  copper  to  100  of  mercury,  and  iron  will  displace  the 
copper  in  the  proportion  of  28  parts  of  iron  to  31-75  parts  ot  copper. 

These  are  particular  cases  of  the  general  law,  that,  when  one 
element  takes  the  place  of  another  in  combination,  the  substitution  or 
replacement  always  takes  place  in  fixed  or  definite  proportions.    1  he 
relative  quantities  of  different  elements  which  thus  replace  one 
another,  are  called  chemical  equivalents  or  equivalent 
numbers;  they  are  either  identical  with  the  atomic  weights,  or 
simple  multiples,  or  submultiples  of  them.    For  example,  in  the 
substitution  of  potassium  for  hydrogen,  and  of  copper  lor  mercury, 
and  of  iron  for  copper,  the  equivalents  are  to  one  another  m  the 
same  proportion  as  the  atomic  weights,  as  may  be  seen  by  com- 
paring the  numbers  just  given  with  those  in  the  table  on  page  108. 
In  the  substitution  of  zinc  for  hydrogen,  on  the  other  hand,  the 
quantity  of  zinc  which  takes  the  place  of  1  part  of  hydrogen  is 
only  half  the  atomic  weight;  similarly  in  the  substitution  ol  mer- 
cury for  silver. 

All  chemical  reactions  consist  either  in  the  direct  addition  or 
separation  of  elements,  or  in  substitutions  like  those  just  noticed, 
the  latter  being  by  far  the  most  frequent  form  of  chenncal  change 

Chemical  Equations—  Chemical  reactions  may  be  represented 
symbolically  in  the  form  of  equations,  the  symbols  of  the  reacting 
substances  being  placed  on  the  left  hand,  and  those  of  the  new  sub- 
stances resulting  from  the  change,  on  the  right :  for  example— 

1.  Eesolution  of  mercuric  oxide  by  heat  into  mercury  and 
oxygen — 

HgO  =  Hg  +  O 

2.  Eesolution  of  manganese  dioxide  by  heat  into  manganoso- 
manganic  oxide  and  oxygen — 

3Mn02  =  Mn304  +  02 

3.  Action  of  zinc  on  hydrogen  chloride,  producing  zinc  chloride 
and  free  hydrogen— 

2HC1  +  Zn  =  ZnCl2  +  H2 

4.  Action  of  zinc  on  hydrogen  sulphate,  producing  zinc  sulphate 
and  hydrogen— 

H2S04  +  Zn  =  ZnS04  +  H2 
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5.  Action  of  zinc  oxide  on  hydrogen  chloride  or  sulphate  pro- 
ducing zinc  chloride  or  sulphate  and  water —  ' 

2HC1  +  ZnO  =  ZnCl9  +  H90, 

and 

H2S04  -f  ZnO  =  ZnS04  +  H20. 

It  need  scarcely  he  observed  that  the  test  of  correctness  of  such 
an  equation  is,  that  the  number  of  atoms  of  each  of  the  elements 
on  one  side  should  be  equal  to  the  number  of  atoms  of  the  same 
element  on  the  other  side. 

Any  such  symbolical  equation  may  be  converted  into  a  numeri- 
cal equation,  by  substituting  for  each  of  the  chemical  symbols  its 
numerical  value  from  the  table  of  atomic  weights. 

The  laws  of  chemical  action  and  their  expression  by  symbols 
and  equations  will  receive  abundant  illustration  in  the  'special 
descnptions  which  follow;  their  general  consideration  will  also  be 
more  fully  developed  in  a  subsequent  part  of  the  work. 

Ozone.— It  has  long  been  known  that  dry  oxygen,  or  atmo- 
spheric air,  when  exposed  to  the  action  of  a  series  of  electric  sparks 
emits  a  peculiar  and  somewhat  metaUic  odour.  The  same  odour 
may  be  imparted  to  moist  oxygen  by  aUowing  phosphorus  to 
remain  tor  some  time  in  it,  and  by  several  other  processes.  A 
more  accurate  examination  of  this  odorous  air  has  shown  that  in 
addition  to  the  smell,  it  possesses  several  properties  not  exhibited 
by  oxygen  in  its  ordinary-  state.  One  of  its  most  characteristic 
ettects  is  the  liberation  of  iodine  from  potassium  iodide  This 
odorous  principle  has  been  the  subject  of  many  researches,  in  par- 
ozone*7  Sch6nbem'  of  Basle>  who  Proposed  for  it  the  name  of 

An  easy  method  of  exhibiting  the  production  of  ozone  is  to 
transmit  a  current  of  oxygen  through  a  tube  into  which  a  pair  of 
platinum  wires  is  sealed,  with  the  points  at  a  little  distance  apart; 
on  connecting  one  of  the  wires  with  the  prime  conductor  of  an 
eiec tncal  machine  in  good  action,  and  the  other  with  the  ground, 
^m",  naStlC  oclour.of  ozone  is  immediately  developed  in  the 
*  gT ;  Ut'  "outstanding  the  powerful  odour  thus  pro- 
AiSw  y  t  T*\  porti<?n  of  the  oxygw  undergoes  this  change. 
ozonP  f  andTaithave  shown  that'  t0  obtain  the  maximum  of 
fine  r'/i  fS  nec(.essalTt0  transmit  the  discharge  silently,  between  very 

>     omts.  if  sparks  are  allowed  to  pass,  a  considerable  portion 
Lnwi     a™  18  reconverted  int0  ordinary  oxygen  as  fast  as  it  is 
of     ,1    hle™ns  Prepares  ozone  by  induction:  he  forms  a  sort 
"  Jar'   I  ?oatin8  the  interior  of  a  long  tube  with  tin-foil, 
*™  passes  over  this  tube  a  second  wider  tube  coated  with  tin-foil 
its  outer  surface.    Between  the  two  tubes  a  current  of  pure  dry 

*  From  o^civ,  to  emit  an  odour. 


22  OXYGEN. 

mrwPn  is  nassed  which  becomes  electrified  hy  induction,  on  con- 

°n  whatever  way  produced,  it  is  merely  a  modified  form  oi 

Xe  is  insoluble  in  water  and  in  solutions  of  acids  or  «ej 
but  is  absorbed  by  a  solution  of  potassium  ^*^.c$^_ 
with  it  exerts  an  irritating  action  on  the  lungs.  Ozone 

lith  any  contraction  of  volmne.    The  expknatran  «r to tat 

free  as  ordinary  oxygen,  occupies  the  same  bulk  as  the  ozone 

*  The  most  delicate  test  for  the  presence  of  ozone  in  any  gas 
afforded  by  a  strip  of  paper  moistened  with  a  mixture  of  staxcb 
and  solution  of  potassium  iodide.    On  exposing  such  pape r  to  he 
acttn  of  ozone/the  potassium  iodide  is  decomposed,  its  P°»n 
combining  with  oxygen,  while  the  iodine  is  liberated,  and  forms  a 
deS)  blue  compound  with  the  starch.    Now,  when  paper  to 
Sared  is  exposed  to  the  open  air  for  five  or  ten  minutes,  t  often 
Euires  a  blue  tint,  the  intensity  of  which  varies  on  difleren day * 
TTeCe  it  is  supposed  that  ozone  is  present  in  the  air  m  variable 
Sty    But1  Iodine  may  be  liberated  from  potassium  iodide  b 
S  other  agents,  especially  by  certain  oxides  of  nitrogen,  which 
are  very  likely  to  be  present  in  the  air  in  minute  uuaiuitK-*  .  hence 
tiie  eSteoce  of  ozone  in  the  air  cannot  be  proved  by  this  reaction 

al°Houzeau  has,  however,  shown  that  a  solution  of  po^siura 
•  S^SoffidtO  tl.e  air  in  the  open  country  becomes  alkaline , 
X0dide  ^  ^  1)e  attrilluU,;i  tQ  ,litn(US  acid.  Moreover. 

IVdrets  Ss  K  the  constituent  of  the  air  which  separates 
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iodine  from  potassium  iodide  is  destroyed  by  the  same  influences 
as  ozone,  viz.,  by  a  temperature  of  237°,  or  by  contact  with  man- 
ganese dioxide  and  other  peroxides.  The  presence  of  ozone  iu 
the  air  can  therefore  no  longer  be  doubted. 


HYDROGEN. 

Atomic  weight,  1;  symbol,  H. 

Hydrogen  may  be  obtained  for  experimental  purposes  by  deoxi- 
dising water,  of  which  it  forms  a  characteristic  component  * 

If  a  tube  of  iron  or  porcelain,  containing  a  quantity  of  filings  or 
tmnings  of  iron,  be  fixed  across  a  furnace,  and  its  middle  portion 
be  made  red-hot,  and  then  the  vapour  of  water  transmitted  over 
the  heated  metal,  a  large  quantity  of  permanent  gas  will  be  dis- 
engaged from  the  tube,  and  the  iron  will  become  converted  into 
oxide,  and  acquire  an  increase  in  weight.  The  gas  is  hydrogen ;  it 
may  be  collected  over  water  and  examined. 

Hydrogen  is,  however,  more  easily  obtained  by  decomposing 
hydrochloric  or  dilute  sulphuric  acid  with  zinc,  the  metal  then 
displacing  the  hydrogen  in  the  manner  already  explained  (p.  116). 

The  simplest  method  of  preparing  the  gas  is  the  following :  A 

wide-necked  bottle  is  chosen,  and  fitted  with  a  sound  cork,  perfo- 
rated by  two  holes  for  the  reception  of  a  small  tube-funnel  reach- 
ing nearly  to  the  bottom  of  the  bottle,  and  a  piece  of  bent  glass 
tube  to  convey  away  the  disengaged  gas.  Granulated  zinc,  or 
scraps  of  the  malleable  metal,  are  put  into  the  bottle,  together 
with  a  little  water,  and  sulphuric  acid  slowly  added  by  the  funnel, 
the  point  of  which  should  dip  into  the  liquid. 
The  evolution  of  gas  is  easily  regulated  by 
the  supply  of  acid ;  and  when  enough  has 
been  discharged  to  expel  the  air  of  the  vessel, 
it  may  he  collected  over  water  in  a  jar,  or 
passed  into  a  gas-holder.  In  the  absence  of 
anc,  filings  of  iron  or  small  nails  may  be 
used,  but  with  less  advantage. 

A  little  practice  will  soon  enable  the  pupil 
to  construct  and  arrange  a  variety  of  useful 
trams  of  apparatus,  in  which  bottles,  and 
other  articles  always  at  hand,  are  made  to 
supersede  more  costly  instruments.  Glass 
™>e,  pu  rchased  by  weight  of  the  maker,  may 
°e  cut  by  scratching  with  a  file,  and  then 
'HM'lymg  a  little  force  with  both  hands  It 

Je  9ofte*ed  and  bent,  when  of  small,  dimensions,  by  the  flame 
*  Hence  the  namo,  from  u$wP,  water,  and  yev. 


Fig.  74. 
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Fig.  75. 


W  HvcSte?"SSl?ovS,  tasteless,  and  inodorous  when  quite 
1  Tn  nMain  i  fm  this  condition,  it  must  he  prepared  from 

"Jh  a  pale yellowish  flame,  evolving  much  he* .but ,  very  ht^ 
S    The  result  of  the  combustion  is  water.    It  is  even  lesb 
Sue  in  water  than  oxygen  and  has  never  been  bguefiei 
Although  destitute  of  poisonous  properties,  it  is  mca 

pable  of  sustaining  life.  .  nnmaft 

P  Hydrogen  is  the  lig^est  substance  lmown  ,  Diimas 
and  Wssingault  place  its  density  between  0-0691  and 
S  0695,  referred  to  that  of  air  as  unity  The  weightof 
a  litre  of  hydrogen  at  0°  C,  and  under  a  barometric 
pressure  of  (Wnietre,  is  0-08961  gram :  consequently 
a  ^ram  of  hydrogen  occupies  a  space  of  11  1594/  litres. 
At  1?5  C.  (60°  F.),  and  30  inches  barometric  pressure, 
100  cubic  inches  weigh  2-14  grains. 

When  a  gas  is  much  bghter  or  much  heavier  than 
atmospheric  ah-,  it  may  often  be  coUected  and  exammed 
without  the  aid  of  the  pneumatic  trough.    A  bot tie  oi 
narrow  jar  may  be  filled  with  hydrogen  ^ 
admixture  of  adr,  by  inverting  it  over  the  extremity  of 
an  upright  tube  delivering  the  gas.   In  a  shoit  time,  il 
Se  supply  be  copious,  the  air  will  be  wholly  displaced, 
wl  the  vessel  filled.    It  may  now  be  removed,  the  vertical  poa- 
t£n  beinr  ctefuUy  retained,  and  closed  by  a  stopper  or  glas 
plate  Tf  the  mouth  of  the  jar  be  wide,  it  must  be  parbally  closed 
C  a  piece  of  cardboard  during  the  operation    This  method  of 
rollectm*  gases  by  displacement  is  often  extremely  use  ul. 
C  Hytogen  was  formerly  used  for  filling  ^^^£6 
for  the  purpose  on  the  spot  from  zinc  or  iron  and  dilute  sulphur 
Sll    lte  use  is  now  superseded  by  that  of  coal-gas,  which  maj 
Tmade  very  light  by  employing  a  high  temperature  m  the  mam  - 
factme     Although  far  inferior  to  pure  hydrogen  m  buoyan 

pics  11 -2  litres. 
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power,  it  is  found  in  practice  to  possess  advantages  over  that  sub- 
stance, while  its  greater  density  is  easily  compensated  by  increas- 
ing the  magnitude  of  the  balloon. 

Diffusion  of  Gases. — There  is  a  very  remarkable  property  pos- 
sessed by  gases  and  vapours  in  general,  which  is  seen  in  a  hi^h 
degree  of  intensity  in  the  case  of  hydrogen ;  this  is  what  is  called 
diffusive  power.  If  two  bottles  containing  gases  which  do  not 
act  chemically  upon  each  other  at  common  temperatures  be  con- 
nected by  a  narrow  tube  and  left  for  some  time,  the  gases  will  be 
found,  at  the  expiration  of  a  certain  time,  depending  much  upon 
the  narrowness  of  the  tube  and  its  length,  uniformly  mixed,  even 
though  they  differ  greatly  in  density,  and  the  system  has  been 
arranged  in  a  vertical  position,  with  the  heavier  gas  downwards. 
Oxygen  and  hydrogen  can  thus  be  made  to  mix,  in  a  few  hours, 
against  the  action  of  gravity,  through  a  tube  a  yard  in  length,  and 
not  more  than  one  quarter  of  an  inch  in  diameter :  and  the  fact 
is  true  of  all  other  gases  which  are  destitute  of  direct  action  upon 
each  other. 

_  If  a  vessel  be  divided  into  two  portions  by  a  diaphragm  or  par- 
tition of  porous  earthenware  or  dry  plaster  of  Paris,  and  each  half 
filled  with  a  different  gas,  diffusion  will  immediately  commence 
through  the  pores  of  the  dividing  substance,  and  will  continue 
until  perfect  mixture  has  taken  place.  All  gases,  however,  do  not 
permeate  the  same  porous  body,  or,  in  other  words,  do  not  pass 
through  narrow  orifices,  with  the  same  degree  of  facility.  Professor 
Graham,  to  whom  we  are  indebted  for  a  very  valuable  investiga- 
tion of  this  interesting  subject,  has  established  the  existence,  of  a 
very  simple  relation  between  the  rapidity  of  diffusion  and  the 
density  ol  the  gas,  which  is  expressed  by  saying  that  the  diffusive 
power  varies  inversely  as  the  square  root  of  the  density  of  the  gas 
itself  Thus,  in  the  experiment  supposed,  if  one  half  of  the  vessel 
be  failed  with  hydrogen  and  the  other  half  with  oxygen,  the  two 
gases  will  penetrate  the  diaphragm  at  very  different  rates;  four 
cubic  inches  of  hydrogen  will  pass  into  the  oxygen  side,  while  one 
cubic  inch  of  oxygen  travels  in  the  opposite  direction.  The  densi- 
ties ol  the  two  gases  are  to  each  other  in  the  proportion  of  1  to  16 ; 
Men  relative  rates  of  diffusion  are  inversely  as  the  square  roots  of 
these  numbers,  i.e.,  as  4  to  1. 

.  In  order,  however,  that  this  law  may  be  accurately  observed  it 
necessary  that  the  porous  plate  be  very  thin;  with  plates  of 
stucco  an  inch  thick  or  more,  which  really  consist  of  a  congeries  of 
capillary  tubes,  a  different  law  of  diffusion  is  observed  *  An 
»  eilent  matenal  for  diffusion  experiments  is  the  artificially  com- 
pressed graphite  of  Mr.  Brockedon,  of  the  quahty  used  for  making 
anting  pencils.    It  may  be  reduced  by  cutting  and  grinding  to 

2&Je?i  aSF  w'^hSF8!3*'  P-  203 ;  Graham's  Elements  of  Chemistry. 
-<i  eel.  ii.  624 ;  Watts'  Dictionary  of  Chemistry,  ii.  815. 
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Fig.  76. 


the  thickness  of  a  wafer,  hut  still  retains  considerable  tenacity. 
The  P  res  of  this  substance  appear  to  he  so  sma as  entardy  to 
prevent  the  transmission  of  gases  in  mass  so  that,  to  use  the 
K£e  of  Mr.  Graham,  it  a°cts  hke  a  molecular  sieve,  allowing 

nienon  Toiffusion  is  by  the  use  of  Graham's  diffusion-tube.  This 

£  ™relv  apiece  of  wide  glass  tube  ten  or  twelve  inches  long, 

w£> onVo 'its  extremities  closed  by  a  plate  of  plaster  of  Paris 
having  one .01 .  i»  men  the  tubg  w  fiUed 

ahout  half  an  -^^Vith  hydrogen,  and  then  set  up- 
right in  a  glass  of  water,  the  level  of  the  liquid 
rises  in  the  tube  so  rapidly,  that  its  movement  is 
apparent  to  the  eye,  and  speedily  attains  a  height 
of  several  inches  above  the  water  m  the  glass  The 
o-as  is  actually  rarefied  by  its  superior  diffusive 
Power  over  that  of  the  external  air.  _ 

It  is  impossible  to  over-estimate  the  importance 
in  the  economy  of  Nature  of  this  very  curious  law 
affecting  the  constitution  of  gaseous  bodies  :  it  is 
the  principal  means  by  which  the  atmosphere  is 
preserved  in  a  uniform  state,  and  the  accumulation 
of  poisonous  gases  and  exhalations  m  towns  and 
other  confined  localities  prevented. 

A  partial  separation  of  gases  and  vapours  01 
unequal  diffusibility  may  be  effected  by  allowing 
the  mixture  to  permeate  through  a  plate  of  graphite 
or  porous  earthenware  into  a  vacuum.    1  his  enect, 
caUed  atmolysis,  is  best  exhibited  by  means  of  an  ^trument 
called  the  tube-atmolyser.     This  is  simply  a  narrow  tube  oi 
Sazed  earthenware,  such  as  a  tobacco-pipe  stem  two  feet  long 
which  is  placed  within  a  shorter  tube  of  glass,  and  secured  m  its 
position  by  corks.   The  glass  tube  is  connected  with  an  air-pump, 
X  the  annular  space  between  the  two  tubes  b  ^  M 
vacuous  as  possible.    Air  or  other  mixed  gas  is  then  al  owed  to 
flow  along   he  clay  tube  in  a  slow  stream,  and  collected  as  it 
Issues    The  gas  or  air  atmolysed  is,  of  course,  reduced  m  volume 
much  gas  penetrating  through  the  pores  of  the  clay  tube  into  the 
air-pump  vacuum,  and  the  lighter  gas  diffusing  the  more  rapidly, 
so  that  the  proportion  of  the  denser  constituent  is  increased  in  the 
aas  collected.    In  one  experiment  the  proportion  of  «W»m 
the  air,  after  traversing  the  atmolyser,  was  increased  from  2 0  » 
per  cent.,  which  is  the  normal  proportion,  to  24-5  per  cent.  With 
f  Sure  of  oxygen  and  hydrogen,  the  separation  is,  of  course, 

8^SSioldmuSe'be  carefully  drawn  between  real  diffusion 
through  small  apertures,  and  the  apparently  similar  passaged 
gW tough  membranous  diaphragms,  such  as  caoutchouc, 


HYDROGEN.  127 

bladder,  gold-beaters'  skin,  &c.    In  this  mode  of  passage,  which  is 
called  osmose,  the  rate  of  interchange  depends  partly  on  the 
relative  diffnsibilities  of  the  gases,  partly  on  the  different  decrees 
of  adhesion  exerted  by  the  membrane  on  the  different  gases'  by 
virtue  of  which  the  gas  which  adheres  most  powerfully  penetrates 
the  diaphragm  most  easily,  and,  attaining  the  opposite  surface 
mixes  with  the  other.    A  sheet  of  caoutchouc  tied  over  the  mouth 
of  a  wide-mouthed  bottle  filled  with  hydrogen,  is  soon  pressed 
inwards,  even  to  bursting.    If  the  bottle  be  filled  with  air  and 
placed  in  an  atmosphere  of  hydrogen,  the  swelling  and  bursting 
takes  place  outwards.    If  the  membrane  is  moist,  the  result  it 
likewise  affected  by  the  different  solubilities  of  the  gases  in  the 
water  or  other  liquid  which  wets  it.    For  example,  the  diffusive 
power  of  carbonic  acid  into  atmospheric  air  is  very  small  but  it 
passes  into  the  latter  through  a  wet  bladder  with  the  utmost  ease 
m  virtue  of  its  solubility  in  the  water  with  which  the  membrane  is 
moistened.    It  is  by  such  a  process  that  the  function  of  respiration 
is  performed :  the  aeration  of  the  blood  in  the  lungs,  and  the  dis- 
engagement of  the  carbonic  acid,  are  affected  through  wet  mem- 
branes; the  blood  is  never  brought  into  actual  contact  with  the 
air  but  receives  its  supply  of  oxygen,  and  disembarrasses  itself  of 
carbonic  acid,  by  this  kind  of  spurious  diffusion. 
_  The  high  diffusive  power  of  hydrogen  against  air  renders  it 
impossible  to  retain  that  gas  for  any  length  of  time  in  a  bladder 
or  caoutchouc  bag :  it  is  even  unsafe  to  keep  it  long  in  a  gas-holder, 
lest  it  should  become  mixed  with  air  by  slight  accidental  leakage 
and  rendered  explosive.  °  ' 

The  passage  of  gases  through  membranes  like  caoutchouc  or 
varnished  silk,  as  well  as  through  wet  membranes  like  bladder, 
appears  to  depend  upon  an  actual  liquefaction  of  the  gases  which 
then  become  capable  of  penetrating  the  substance  of  the  membrane 
(as  ether  and  naphtha  do)  and  may  again  evaporate  on  the  surface 
J  mJPf*    Thf  ™equal  absorption  of  gases  in  this 

manner  often  effects  a  much  more  complete  separation  of  the  coin- 
End  n.  8  gT  0U8.f^«  thaii can  be  attained  by  the  atmolytic 
method  above  described.  Thus,  Graham  has  shown  that  oxygen 
SoraSSS  °?f  condensed  by  caoutchouc  two-and-a-half  times 
I, V  filn  y  i  "  mtr?geVnd  that  when  one  side  of  a  caout- 
o  ,  W  i  T,  f'xl.r,"11t,°  the  ™.  while  a  vacuum  is  produced 
on  the  other  side,  the  film  allows  41-6  per  cent,  of  oxygen  to  pass 
I';1-  21  per  cent,  usually  present  SSdJE 

SS5SShftsr  ough  is  capable  of  reki»dlins-°d 

Even  metals  appear  to  possess  this  power  of  absorbing  and 
' .     I  mi  T/'\  DevlUe  tod  Troost  lutve  observed  the  remark- 
iron  tnf     «  M^BM  8aa  is  capatle  of  penetrating  platinum  and 
r<  n  tubes,  at  a  red  bat,  and  Graham  is  of  opinion  that  this  effect 
may  be  connected  with  a  power  resident  in  these  and  certain  other 
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and  palladium  foil  condenses  as  much  as  643  farads  volume* 

Sum  90  volumes.    This  absorption  of  gases  by  metals  is  caileo. 

meteoric  iron  of  Lenarto  contaius  a  considerable  quantity 
of SSdhT Irogeu.    When  placed  in  a  good  vacuum,  it  yields 
SSitsvolLe  of  gas,  of  which  85-68  percent ^ons.t  of 
hvrlrocreii  with  4-46  carbon  monoxide  and  9  86  nitiogen.  jmto, 
S-oShTs  been  recognised  by  spectrum  analysis  in  the  light 
Sffi  BtoS>  and  constitutes,  according  to  the  obs^at.n 
„f  v^hpr  Secchi    the  principle  element  m  tne  atmospiieie 
of  a  ™rou8  class  o   sLs.    ''The  iron  of  Lenarto,"  says  Mr 
riim "C  no  doubt,  come  from  such  an  atmosphere  m  which 
SoSm  Neatly  prevailed.    This  meteorite  may  be  looked  upon 
af  hoEg^Jrisoned  within  it,  and  bringing  to  us  the  hydrogen 
of  the  stars."t 

The  rates  of  effusion  of  gases,  that  is  to  say,  their  rates  of 
Jwb  toSx  a  minute  aperture  in  a  thin  plate  of  metal  or 
S^substoce  into  a  vacuum,  foUow  the  same  law  as  then-  rates 
rSfthat  is  to  say,  they  are  inversely  as  the  square  roots 
of  the  den  ities  of  the  gases.    Nevertheless,  the  phenomena  of 
difflSon and  efmsion  are  essentially  different  in  their  nature,  the 
Srmovement  affecting  masses  of  a  gas,  whereas  the  diffuse 
movement  affects  only  molecules;  and  a  gas  is  usually  camel 
bv  the  former  kind  of  impulse  with  a  velocity  many  thousand 
times  creator  than  by  the  latter.    Mixed  gases  are  effused .  * 
Z  same  rates  as  one  gas  of  the  actual  density  of  the  mixture :  and 
no  semmtion  of  the  gases  occurs,  as  in  diffusion  into  a  vacuum 

The  law  of  effusion  just  stated  is  true  only  under  the  condition 
that  the  gas  shall  pass  through  a  minute  aperture  in  a  very  torn 
Sate  If  the  plate  be  thicker,  so  that  the  aperture  becomes  a  tube 
?Sy  different  rates  of  efflux  are  observed ;  and  when  he  capJlary 
K  becomes  considerably  elongated,  so  that  its  length  exceeds  its 
diameter  at  least  400  times,  the  rates  of  flow  of  different  gases  mto 
again  assume  a  constant  ratio  to  each  other,  following, 
however^  law,  totally  distinct  from  that  of  effusion.  The  prm- 
S  general  results  observed  with  relation  to  this  phenomenon  of 
«nanSlarv  Transpiration"  are  as  follows :— 

1  The  rate  of  transpiration  of  the  same  gas  increases,  ccetem 
paribus,  directly  as  the  pressure:  in  other  words,  equal  volumes 

m  Phil.  Trans.  1866 ;  Journal  of  the  Chemical  Society  [2],  v.  235. 
proceedings  of  the  Royal  Society,  xv.  502. 
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oi  gas  at  a  llerent  densities  reqiui-e  times  inversely  proportional  to 
their  densities  _  2.  With  tubes  of  equal  diameter,  the  volume  trans 
pired  m  equal  times  is  inversely  as  the  length  of  the  tube  3  As 
t  he  temperature  rises,  the  transpiration  of  equal  volumes  "becomes 
slower.  4.  The  rates  of  transpiration  of  different  gases  bear  a 
constant  relation  to  each  other,  totally  independent  of  their 
densities  or,  indeed,  of  any  known  property  of  the  gases.  Equal 
weights  of  oxygen,  nitrogen,  and  carbon  monoxide  are  transpired 
m  equal  times ;  so  likewise  are  equal  weights  of  nitrogen,  nitrUen 
dioxide,  and  carbon  monoxide ;  and  of  hydrogen  chloride,  carbon 
dioxide,  and  nitrogen  monoxide* 


COMBINATION  OF  HYDROGEN  WITH  OXYGEN. 

It  has  been  already  stated  that,  although  the  light  emitted  by 

tare  nTtbi  T6  ?dT°gen  iS  l^^J  feehle,  ye°t  the  tempera- 
ture of  the  flame  is  very  high.  The  temperature  may  be  still 
further  exalted  by  previously  mixing  the  hydrogen  with  as  much 
oxygen  as  it  requires  for  combination,  that  is,  as  will  presently  be 
seen,  with  half  its  volume.  Such  a  mixture  burns  like  gunpowder 
independently  of  the  external  ah-.  When  raised  to  the  temi  erlture 
required  for  combination,  the  two  gases  unite  with  explosive 
violence    If  a  strong  bottle,  holding  not  more  than  half  a  pint  be 

SlM^"  mXtUre'  the  ^oducti-  «f  a  lighted  n!atch  or 
red-hot  we  determines  m  a  moment  the  union  of  the  gases  Bv 
certain  precautious,  a  mixture  of  oxygen  and  hydro  Jn  can  be 

tne  vessel ;  the  flame  is  m  this  case  solid. 

inthS  nCOnsideration  wm  &ow,  that  aU  ordinary  flames  burning 
?Ji  m  Plire  0x^en  are>  of  necessity,  hollow.    The  act  of 

combustion  is  nothing  more  than  the  energetic  union  of  the  sub 

k.  piace  oniy  at  the  surface  Qf  ^  bm,  •      ,  , 

E^taS&E  ^       flTC  rWUnder  consideration 
"         e  and  th.e  °xy8en  are  already  mi*ed,  and  only  require 
in  S  i  temperatiire  a  little  raised  to  cause 'them  to  combine 

bSle  Ls  it^s  W  TT  «,6t  ""^TO  or  any  other  com- 
apjH.amn.i  '  8  ^  P°lnted'  and  ™7  remarkable  in 

coffiX t£ & dlSCUSSed? =}*/ >>e  Wanted  to  a  common  bladder 
Q,i!f^nd  h6ld  Under  tbe  a™>  and  the  gas  forced 
,:„„  -  ],y  a  ^pressure.   Although  ibis  jet,  properly 

onatructcd,  is  believed  to  be  safe,  it  is  best  to  use  nothing  stronger 

of ChJmirtry;  Medl™™'  ^  P'  591 5  Md  1849'  *  349 !  also  Elem0Uts 
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than  a  bladder,  for  fear  of  ^^^^  a^pSSSS 
The  eases  are  often  contained  m  separate  reservoirs,  d,  j  a 

as  in  tbe  cont™  JJ^^S  Customed  to  the  pi 
is  avoided.  J^ipey"  f  So-oxygen  flame,  so  as  to  permit  the 

^^e^^^^^  hj  SUitable  8t0P"C° 
attached  to  the  jet  (hg  77>  introduced  iuto  the  flame  of  the 

showers  ot  beautiiul  spants ,  «m  ;OT1ifPfi  as  to  "low  with  a 

licrht  insupportable  to  iae  eye,  aiiu.  ±  , 

£a  most  powerful  illnmmat  or  asa^su « 

in  the  solar  microscope,  and  tor  nignt  signals  m  D 


Fig.  77. 


Fig.  78. 


K 


duced  by  the  partial  extinction  and  rekindling  of  the  flame s  by 
.1  frr  current  of  air.    These  little  explosions  succeed  eacfi 
Stervals,  and  so  rapidly  as  to  give  rise  to  a  musical 
note'  the !?K  depending  chiefly  upon  the  length  and  diameter  of 

thluhoeugh  oxygen  and  hydrogen  may  be  kept  mixed  at  common 
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temperatures  for  any  length  of  time  without  combination  takine 
place,  yet,  under  particular  circumstances,  they  unite  quietly  and 
without  explosion.    Many  years  ago,  Professor  Dobereiner  of  Jena 
made   he  curious  observation,  that  finely  divided  platinum  pos- 
sessed the  power  of  determining  the  union  of  the  gases;  and,  more 
recently,  Mr.  Faraday  has  shown  that  the  state  ofminute  div?sTon 
is  by  no  means  indispensable,  since  rolled  plates  of  the  metal  have 
the  same  property,  provided  their  surfaces  are  absolutely  clean 
Neither  is  the  eflect strictly  confined  to  platinum ;  othe/metals! 
as  palladium  and  gold,  and  even  stones  and  glass,  exhibit  the  same 
Property,  although  to  a  far  inferior  degree,  since  they  often  reqSe 
to  be  aided  by  a  little  heat    When  a  piece  of  platinum-foil,  whteh 
has  been  cleaned  by  hot  oil  of  vitriol  and  thorough  washing  with 
chs  lUed  water,  is  thrust  into  a  jar  containing  a  mixture  of  ox>gen 
and  hydrogen  standing  over  water,  combination  of  the  two  ifes 
immediately  begins,  and  the  level  of  the  water  rapidly  rises  whilst 

totTZ  befTTi? that  t°?S  °1Vater  acc^ntally  falling 
upon  it  enter  into  ebullition.    If  the  metal  be  very  thin  and 

^Tt:^?^8^  ™7Pm,e'its  tempeTatm" iS 
IZloL    L  ,v  -Ual  r«dneS^'  ^  the  residue  of  the  ^xtuxe 
Znlne  hSh  \      19  ?  6ffeC^  al1t0Slher  accidental,  and  dependent 
7Z  ?    ig   temperature  of  the  platinum,  which  high  temper- 

^t^b5SiFmCedtWy  ^  PreCeding  ^6t  co^inatio]i  of 
me  two  bodies.    When  the  platinum  is  reduced  to  a  sut*  n+- 

SSttf^'l  SU1'faCe ^  Uncled,  it  be  lei 

immediately  red-hot  m  a  mixture  of  hydrogen  and  oxygen  or 

SSSfES?  thrown  a  ]£  e°o?'the 

Sd  £S  '-COntamed  ln  a  8lass  or  caPsule>  w  at  once  kindled 
£nt  Lv^bL7Clplr^e^r  the P^uction  of  instanTaneous 
cottantl  v  used    Z    ^    w^'  h°WeVer'  act  wel1  when 

thnXT  fr°m  Ae  aU"'  and  its  P°wer  is  ^  *°*  the 

is  Ki^fr  t?v  Can  be  given  of  these  c^ous  effects 
extent  T  *  H0Mc b°dles  m  8eneral  bave>  to  a  greater  or  less 
^IktwZFT  °  condensi»g  8««i  upon  theif  surfaces,  or 
eSiSlriS^/T110^?-  Xf and  that  tLis  fecultyis 
as  a  h mm  ,Z  7  n7  CGrtam  <?f  the  n°u-oXidisable  metals, 
the  e  re'm^n  g  I  ,0xygT  and  ^dr°gen  ma7  thus,  under 
aSrnSSS^  as  it  were,  within  the  sphere  of 

«*»  SS&SSZ? a  temporary  increase  of  densi^  whe- 

theCVptSmendnnetJf  1  °-  VaPGUr  m^  be  made  to  exhibit 

remaEHT  ?Ulet  T"^1011  under  the  influence  of  this 
a  rol  l  of  trdSl  6"aCtl0n'  A  cIose  ^  of  lender  platinum  wire, 
fall  rc  dncTn^  V^^T1^-00"11'1'''1  Elatinum  crucible,  heated  to 
■  najand  then  held  m  a  jet  of  coal-gas,  becomes  strongly 
gnited,  and  remains  in  that  state  as  long  as  the  supply  of  mixed 
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en,  and  air  is  kept  up,  the  temperature  Toeing  maintained  by  the 
felt  aleTgageS\hPe'actofm^  Sometimes  the  metal  becomes 

white-hot,  and  then  experiment  may  be  made 

Fig.  79.  by  attaching  such  a  coil  of  wire  to  a  cord  and 

A  suspending  it  in  a  glass  containing  a  few  drops 

of  ether,  having  previously  made  it  red-hot 
in  the  flame  of  a  spirit-lamp.  The  wire  con- 
tinues to  glow  until  the  oxygen  of  the  air  is 
exhausted,  giving  rise  to  the  production  ot  an 
irritating  vapour  which  attacks  the  eyes. 
The  combustion  of  the  ether  is  in  this  case  but 
partial;  a  portion  of  its  hydrogen  is  alone 
removed,  and  the  whole  of  the  carbon  left 
untouched.  .  .  , 

A  coil  of  thin  platinum  we  may  be  placed 
over  the  wick  of  a  spirit-lamp,  or  a  ball  oi 
spongy  platinum  sustained  just  above  the  cotton ;  on  lighting  the 
lamp  and  then  blowing  it  out  as  soon  as  the  metal  appears ,  red- 
hTslow  combustion  of  the  spirit  draw  up  by  the  capillarity  of 
SSS  take  place,  accompanied  by  the  pungent  vapours 
inst  mentioned,  which  may  be  modified,  and  even  rendered  agiee- 
Se^y  Solving  in  the  liquid  some  sweet-smelling  essential  od 


Hydrogen  forms  numerous  compounds  with  other  bodies, 
althouoh  it  is  greatly  surpassed  in  this  respect,  not  only  by  oxy- 
ten>it  by  many  of  the  other  elements.  .  In  many  of  its  chemical 
delations  it  resembles  the  metals,  combnung  with  oxygen,  sulphur 
chlorine,  bromine,  &c,  to  form  compounds  analogous  rn  «mrtita 
tion  to  the  metallic  oxides,  sulphides,  chlorides,  bromides,  &c.  (p. 
116.) 

Oxides  of  Hydrogen.— There  are  two  oxides  of  hydrogen— 
namely,  water,  and  a  very  peculiar  substance,  discovered  in  the 
vear  1818  by  Thenard,  called  hydrogen  dioxide. 
7  It  appeJthat  the  composition  of  water  was  first  demons^ 
in  the  year  1781  by  Cavendish;*  but  the  discovery  of  the  exact 
OTOPortions  in  which  oxygen  and  hydrogen  unite  m  generating 
Ihat  most  important  compound  has,  from  time  to  fame  to  the  pre- 
sent day,  occupied  the  attention  of  some  of  the  most  distmguished 
cultivators  of  chemical  science.  There  are  two  distinct  methods 
of  research  in  chemistry-the  analytical,  or  that  in  which  the 

*  A  claim  to  the  discovery  of  the  composition  of  water,  on  behalf :  of 
James  Watt,  lias  teen  very  strongly  urged,  and  supported  by  such  evidence 
fW  the  reader  of  the  controversy  may  be  led  to  the  conclusion  that  t e 
«uat  the  leaau  simultaneously,  and  unknown 

toSeCach  oytto  See "the  article'  "Gas,"  by  Dr.  Paul,  in  Watts's  « Dictionary 

of  Chemistry,"  ii-  780. 
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Fig.  80. 


compound  is  resolved  into  its  elements,  and  the  synthetical  in 
which  the  elements  are  made  to  unite  and  produce  the  compound 

The  first  method  is  of  much  more  general  application  than  the 

second;  hut  in  this  particular  instance  hoth  may  he  employed 

although  the  residts  of  the  synthesis  are  the  more  valuable  ' 
The  decomposition  of  water  may  he  effected  hy  voltaic  electricity 

H  hen  water  is  acidulated  so  as  to  render  it  a 

conductor  *  and  a  portion  interposed  between  a 

pair  of  platinum  plates  connected  with  the  ex- 
tremities of  a  voltaic  apparatus  of  moderate 

power,  decomposition  of  the  liquid  takes  place 

in  a  very  interesting  manner ;  oxygen,  in  a  state 

of  perfect  purity,  is  evolved  from  the  water  in 

contact  with  the  plate  belonging  to  the  copper 

end  of  the  battery,  and  hydrogen,  equally  pure, 

is  disengaged  at  the  plate  connected  with  the 

zmc  extremity,  the  middle  portions  of  liquid 
remaining  apparently  unaltered.    By  placing 

small  graduated  jars  over  the  platinum  plates^ 
the  gases  can  be  collected,  and  their  quantities 
determined.  The  whole  arrangement  is  shown 
in  fig.  80;  the  conducting  wires  pass  through 
the  bottom  of  the  glass  cup,  and  away  to  the  battery. 

When  this  experiment  has  been  continued  a  sufficient  time,  it 
Till  be  found  that  the  volume  of  the  hydrogen  is  a  very  little 
above  twice  that  of  the  oxygen.  Were  it  not  for  the  accidental 
circumstance  of  oxygen  being  sensibly  more  soluble  in  water  than 
nyclrogen,  the  proportion  of  two  to  one  by  measure  would  come 
out  exactly. 

Water,  as  Mr.  Grove  has  shown,  is  likewise  decomposed  into  its 
constituents  by  heat  This  effect  is  produced  by  introducing 
platinum  balls,  ignited  by  electricity  or  other  means,  into  water  or 
steam.    the  two  gases  are  obtained  in  very  small  quantities  at  a 

When  oxygen  and  hydrogen,  both  as  pure  as  possible,  are  mixed 
SlWKt  proPortlons  mentioned,  passed  into  a  strong  glass  tube 
standing  over  mercury,  and  exploded  by  the  electric  spark,  all  the 
mixture ^disappears,  and  the  mercury  is  forced  up  into  the  tube, 
aurag  t  completely.  The  same  experiment  may  be  made  with 
F«  explosion-vessel  or  eudiometer  of  Cavendish  (fig.  81).  The 
car  I Z  f  eliauated  at  tfle  air-pump,  and  then  filled  from  a 
the  u- ,  "'  V  nuxed  8ases;  on  Posing  an  electric  spark  by 

shown  at  a,  explosion  ensues,  and  the  glass  becomes 
;■  -<l  with  moisture;  and  if  the  stop-cock  be  then  opened 
mm  U     ,  'I' .  .      attar  will  rush  in  and  fill  the  vessel,  leaving 
merelj  a  bubble  of  air,  the  result  of  imperfect  exhaustion. 

Procesa  "P"»  which  most  reliance  is  placed  is  that  in  which 
•  See  the  section  on  "Electro-Chemical  Decomposition." 
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pure  copper  oxide  is  reduced  at  a  red-heat  by  hydrogen,  and  the 
water  so  formed  is  collected  and  weighed.    This  oxide  suffers  no 
change  by  heat  alone,  hut  the  momentary  contact  ot 
Fig.  81.       hydrogen,  or  any  common  combustible  matter,  at  a 
4.     .i.       him  temperature,  suffices  to  reduce  a  corresponding 
portion  to  the  metallic  state.    Fig.  82  will  serve  to 
convey  some  idea  of  the  arrangement  adopted  in 
researches  of  this  kind.  _ 

A  copious  supply  of  hydrogen  is  procured  by  the 
action  of  dilute  sulphuric  acid  upon  the  purest  zinc 
that  can  be  obtained;  the  gas  is  made  to  pass  m 
succession  through  solutions  of  silver  and  strong 
caustic  potash,  by  which  its  purification  is  completed. 
After  this  it  is  conducted  through  a  tube  three  or 
four  inches  long,  filled  with  fragments  of  pumice- 
stone  steeped  in  concentrated  oil  of  vitriol,  or  with 
anhydrous  phosphoric  acid.    These  substances  have 
so  great  an  attraction  for  aqueous  vapour,  that  they 
dry  the  gas  completely  during  its  transit  Ine 
extremity  of  this  tube  is  shown  at  a.     lhe  dry 
hydrogen  thus  arrives  at  the  part  of  the  apparatus 
containing  the  copper  oxide  represented  at  b;  this 
consists  of  a  two-necked  flask  of  very  hard  white 
glass,  maintained  at  a  red-heat  by  a  spirit  lamp 
placed  beneath.   As  the  decomposition  proceeds,  the 
water  produced  by  the  reduction  of  the  oxide  begins 
to  condense  in  the  second  neck  of  the  flask,  whence 
it  drops  into  the  receiver  c,  provided  ior  the  purpose. 
A  second  desiccating  tube  prevents  the  loss  of  acque- 
ous  vapour  by  the  current  of  gas  which  passes  m 

GXCGSS. 

'  Before  the  experiment  can  be  commenced,  the 
copper  oxide,  the  pm-ity  of  which  is  well  ascertained, 
must  be  heated  to  redness  for  some  tune  m  a  current 
of  dry  air ;  it  is  then  suffered  to  cool,  and  very  care- 
fully weighed  with  the  flask.    The  empty  receiver 
and  second  drying-tube  are  also  weighed,  the  disen- 
aao-ement  of  gas  set  up,  and  when  the  air  has  been  displaced,  heat 
is  slowly  applied  to  the  oxide.  The  action  is  at  first  very  energetic; 
the  oxide  often  exhibits  the  appearance  of  ignition ;  but  as  tlie 
decomposition  proceeds,  it  becomes  more  sluggish,  and  requires 
the  application  of  a  considerable  heat  to  effect  its  completion. 

When  the  process  is  at  an  end,  and  the  apparatus  perfectly  cool, 
the  stream  of  gas  is  discontinued,  dry  air  is  drawn  through  the 
whole  arrangement,  and,  lastly,  the  parts  are  disconnected  and  re- 
weighed  the  loss  of  the  copper  oxide  gives  the  oxygen;  tlie 
Bain  of  the  receiver  and  its  drying-tube  indicates  the  water;  ana 
the  difference  between  the  two,  the  hydrogen. 


( 
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A  set  of  experiments,  made  in  Paris  in  the  year  1820,  by  Dulong 
and  Berzelius,  gave  as  a  mean  result,  for  the  composition  of  water 


by  weight,  8-009  parts  oxygen  to  1  part  hydrogen ;  numbers  so 
nearly  in  the  proportion  of  8  to  1,  that  the  latter  have  usually 
been  assumed  to  be  true. 

More  recently  the  subject  has  been  reinvestigated  by  Dumas, 
with  the  most  scrupulous  precision,  and  the  above  supposition 
hilly  confirmed.  The  composition  of  water  may  therefore  be  con- 
sidered as  established ;  it  contains  by  weight  8  parts  oxygen  to  1 
part  hydrogen,  and  by  measure,  1  volume  oxygen  to  2  volumes 
hydrogen.  The  densities  of  the  gases,  as  already  mentioned, 
correspond  very  closely  with  these  results. 

The  physical  properties  of  water  are  too  well  known  to  need 
lengthened  description :  it  is,  when  pure,  colourless  and  trans- 
parent, destitute  of  taste  and  odour,  and  an  exceedingly  bad  con- 
ductor of  electricity  of  low  tension.  It  attains  its  greatest  density 
towards  4-5°  C.  (40°  F.),  freezes  at  0°  C.  (32°  F.),*  and  boils  under 
the  ordinary  atmospheric  pressure  at  or  near  100°  C.  (212°  F.). 
It  evaporates  at  all  temperatures. 

The  weight  of  a  cubic  centimeter  of  water  at  the  maximum  den- 
sity is  chosen  as  the  unit  of  weight  of  the  metrical  system,  and 
called  a  gram ;  consequently  a  litre  or  cubic  decimeter  =  100 
cubic  centimeters  of  water,  at  the  same  temperature,  weighs  1000 
grams,  or  1  kilogram. 

A  cubic  inch  of  water  at  62°  F.  weighs  252-45  grains;  a  cubic 
loot  weighs  nearly  1000  ounces  avoirdupois ;  and  an  imperial  gal- 
lon weighs  70,000  grains,  or  10  lbs.  avoirdupois. 

Water  is  825  times  heavier  than  air.  To  all  ordinary  observa- 
tion, it  is  incompressible ;  very  accurate  experiments  have  never- 
theless shown  that  it  does  yield  to  a  small  extent  when  the  power 
employed  is  very  great,  the  diminution  of  volume  for  each  atmo- 
spnere  ol  pressure  being  about  ni-millionths  of  the  whole. 

lear  water,  although  colourless  in  small  bulk,  is  blue  like  the 
atmosphere  when  viewed  in  mass.  This  is  seen  in  the  dee])  ultra- 
marine tint  of  the  ocean,  and  perhaps  in  a  still  more  beautiful 
mfuinerm  the  lakes  of  Switzerland  and  other  Alpine  countries, 
ana  in  the  rivers  which  issue  from  them,  the  slightest  admixture 

*  According  to  Duftnir,  the  specific  gravity  of  ice  is  0  9175 ;  water, 
therefore,  on  freezing,  expands  by  ^th  of  its  volume. 
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of  mud  or  suspended  impurity  destroying  the  effect.  The  same 
magnificent  colour  is  visible  in  the  fissures  and  caverns  found  m 
the°ice  of  the  glaciers,  which  is  usually  extremely  pure  and 
transparent  within,  although  foul  upon  the  surface. 

The  specific  gravity  of  steam  or  vapour  of  water  is  lound  by 
experiment  to  be  0-625,  compared  with  air  at  the  same  tempera- 
ture and  pressure,  or  9  as  compared  with  hydrogen.    Now,  it  has 
been  already  shown  that  water  is  composed  of  two  volumes  ol 
hydrogen  and  one  volume  of  oxygen ;  and  if  the  weight  of  one 
volume  of  hydrogen  be  taken  as  unity,  that  of  two  volumes  hydro- 
gen (=  2)  and  one  volume  oxygen  (=  16)  will  together  make  18, 
which  is  the  weight  of  two  volumes  of  water-vapour.  Conse- 
quently water  in  the  state  of  vapour  consists  of  two  volumes  of  hydro- 
gen and  one  volume  of  oxygen  condensed  into  two  volumes.  A  method 
of  demonstrating  this  important  fact  by  direct  experiment  has  been 
devised  by  Dr  Hofmann.    It  consists  in  exploding  a  mixture  of 
two  volumes  hydrogen  and  one  volume  oxygen,  by  the  electric 
spark,  in  a  eudiometer  tube  enclosed  in  an  atmosphere  of  the 
vapour  of  a  liquid  (amylic  alcohol)  which  bods  at  a  temperature 
considerably  above  that  of  boiling  water,  so  that  the  water  pro- 
duced by  the  combination  of  the  gases  remains  in  the  state  of 
vapour  instead  of  at  once  condensing  to  the  liquid  form.    It  is 
then  seen  that  the  three  volumes  of  mixed  gas  are  reduced  after 
the  explosion  to  two  volumes.* 

Water  seldom  or  never  occurs  in  nature  in  a  state  of  perfect 
purity :  even  the  rain  which  falls  in  the  open  country  contains  a 
trace  of  ammoniacal  salt,  while  rivers  and  springs  are  invariably 
contaminated  to  a  greater  or  less  extent  with  soluble  matters,  saline 
and  organic.  Simple  filtration  through  a  porous  stone  or  a  bed  of 
sand  wdl  separate  suspended  impurities,  but  distillation  alone  will 
free  the  liquid  from  those  which  are  dissolved.  In  the  prepara- 
tion of  distilled  water,  which  is  an  article  of  large  consumption  in 
the  scientific  laboratory,  it  is  proper  to  reject  the  first  portions 
which  pass  over,  and  to  avoid  carrying  the  distillation  to  dryness. 
The  process  may  be  conducted  in  a  metal  still  furnished  with  a 
worm  or  condenser  of  silver  or  tin ;  lead  must  not  be  used. 

The  ocean  is  the  great  recipient  of  the  saline  matter  carried 
down  by  the  rivers  which  drain  the  land :  hence  the  vast  accumu- 
lation of  salts.  The  following  table  wdl  serve  to  convey  an  idea 
of  the  ordinary  composition  of  sea-water ;  the  analysis  is  by  Dr 
Schweitzer,t  of  Brighton,  the  water  being  that  of  the  British 
Channel : — 

*  For  a  description  of  the  apparatus,  see  Hofm  ami's  "  Modem  Chemis- 
try" (1865),  p.  51. 

f  Philosophical  Magazine,  July,  1839. 
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1000  "rains  contained — 
Water,  . 

Sodium  chloride,  . 
Potassium  chloride, 
Magnesium  chloride, 
Magnesium  bromide, 
Magnesium  sidphate, 
Calcium  sidphate, 
Calcium  carbonate, 
Traces  of  Iodine  and  Anrmoinacal 
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alt. 


964-745 
27-059 
0-766 
3-666 

0-  029 
2-296 

1-  406 
0-033 


1000-000 

Its  specific  gravity  was  found  to  be  1-0274  at  15-5°  C.  (60°  F  ) 
aea^water  is  liable  to  variations  of  density  and  composition  'bv 
the  influence  of  local  causes,  such  as  the  proximity  of  lar«e  rivers 
or  masses  of  meltmg  ice,  and  other  circumstances. 

Natural  springs  are  often  impregnated  to  a  great  extent  with 
soluble  susbtances  derived  from  the  rocks  they  traverse ;  such  are 
the  various  mineral  waters  scattered  over  the  whole  earth,  and  to 
which  medicinal  virtues  are  attributed.  Some  of  these  hold 
ferrous  oxide  in  solution,  and  are  effervescent  from  carbonic  acid 
gas  ;  others  are  .alkaline,  probably  from  traversing  rocks  of  vol- 
camc  ongin  ;  some  contain  a  very  notable  quantity  of  iodine  or 
bromine.  Their  temperatures,  also,  are  as  variable  as  then-  chemical 
nature. 

Water  enters  into  direct  combination  with  other  bodies,  fomiiuo- 
a  class  of  compounds  called  hydrates;  the  action  is  often  very 
energetic,  much  heat  being  evolved,  as  in  the  case  of  the  slaking 
01  lime,  which  is  really  the  production  of  a  hydrate  of  that  base! 
Retimes  the  attraction  between  the  water  and  the  second  body 
»  bp  great  that  the  compound  is  not  decomposable  by  any  heat 

SpaLted  1C         '  the  Water  caimot  Le  th"s 

W;,i  ,r  rery  frequently  combines  with  saline  substances  in  a  less 
"  1  '  -nanm-r  than  that  above  described,  constituting  what  is 
auiecr water  of  crystallisation,  from  its  connection  with  the  geomet- 
ScaS  ;i  In  thi«  —  ^  ia  "*7  driven  off  by  the 

r^ily,  the  solvent  properties  of  wain-  far  exceed  those  of  any 

Xhlp  fn  ™Vn-  ,Amon8  saItR  «  very  large  proportion  are 
JHUble  to  a  greater  or  less  extent,  the  solubility  usually  increasing 

"l  r  temperature  so  that  a  hot  saturated  solution  depositi 
crystals  on  cooling.  There  are  a  few  exceptions  to  this  law,  one 
i  le  in,«t  remarkable  of  which  is  common  salt,  the  solubility  of 

111,11  'a  nearly  the  same  at  all  temperatures:  the  hydrate  and 
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certain  organic  salts  of  calcium,  also,  dissolve  more  freely  in  cold 
Solubility  of  Salts  in  100  parts  of  Water. 

Fig.  83. 


0'  10°  20° 
32°   50°  68° 


40°    50°    60°    70°  80° 
104°  122°  140°  158°  176' 
Temperature. 


90° 
191° 


100a  no0  C. 
212°  230°  F. 


bility  increases  directly  with  the  increment  of  tern]  eratnre  m 
others  a-ain,  like  potassium  nitrate  or  potassium  chlorate  the 
sSity  augments  much  more  rapidly  than  the  temperature^ 
The  fferences  in  the  deportment  of  these  different  salts are 
shown  very  conspicuously,  by  a  straight  lmrizontal  line  J 
S  inclined  line,  and  lastly  by  curves,  the  convexity  of  which 
ia  turned  towards  the  lower  horizontal  line. 

Tl  e   ohibilitV  of  a  salt  is  usually  represented  by  the  quant  ,t> 
of  m  Z  2  dissolved  by  100  parts'  of  water.    It  is  obvious, 
?      S  tVit  salts  containing  water  of  hydration  or  water  of 
c^ItSation  Sot,  within  certain  limit/  of  temperature,  chs- 
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solve  in  water  in  the  anhydrous  state,  but  must  be  dissolved 
as  hydrates.    The  solubility  of  a  hydrated  salt  frequently  differs 
very  considerably  from  that  of  the  same  salt  in  the  anhydrous 
state.    Again,  many  salts  form  more  than  one  hydrate ;  and  these 
several  hydrates  may  also  differ  in  their  solubility.  Sodium 
sulphate  forms  a  peculiar  hydrate,  consisting,  in  100  parts  of 
53  parts  of  anhydrous  salt  and  47  parts  of  water,  which  is 
obtained  in  crystals,  when  a  solution  of  sodium  sulphate  satu- 
rated at  100°  C,  is  cooled  out  of  contact  with  the  air:  this 
hydrate  is  much  more  soluble  than  Glauber's  salt,  the  other 
hydrate  of  sodium  sulphate,  which  differs  from  the  former  one 
m  its  crystalline  form,  and  consists,  in  100  parts,  of  44-2  parts  of 
anhydrous  salt  and  55  -8  parts  of  water.   When  a  solution  of  sodium 
sulphate  is  saturated  at  the  boiling  point  of  water,  and  cooled  to 
the  common  temperature  without  depositing  any  crystals,  the  salt 
exists  in  the  form  of  the  more  soluble  hydrate.    This  salt  when 
coming  m  contact  with  the  dust  of  the  air,  or  with  a  small  crystal 
of  common  Glauber's  salt,  is  suddenly  transformed  into  the  less 
soluble  hydrate,  part  of  which  separates  from  the  solution  in  the 
form  of  Glauber's  salt.    From  0°  to  33°  C.  (32°  to  91°  F.)  'sodium 
sulphate  dissolves  as  Glauber's  salt,  the  solubility  of  which  in- 
creases with  the  temperature :  hence  the  rapid  rise  of  the  curve 
representing  the  solubility  of  the  salt.    Above  33°  C.  (91°  F  )  the 
hydrate  of  sodium  sulphate  is  decomposed,  even  in  solution,  being 
more  and  more  thoroughly  converted  into  the  anhydrous  salt  as 
the  temperature  increases.    Sodium  sulphate  appears,  however, 
far  less  soluble  in  the  anhydrous  state,  and  hence  the  diminution 
/oio°iu     ^  of  the  salt  when  its  solution  is  heated  above  33°  C. 

Liquid  Diffusion.  Dialysis.— When  a  solution  having  a  sp  gr 
greater  than  water  is  introduced  into  a  cylindrical  glass  vessel! 

™nt"ter  very  cautiously  poured  upon  it,  in  such  a  man- 
ner that  the  two  layers  of  liquid  remain  unmoved,  the  substance 
STr  f  ?  th«  lower  tynid  wil1  gradually  pass  into  the  super- 
natant water  though  the  vessel  may  have  been  left  undis- 
JIS  T  *e  temperature  remain  unchanged.  This  gradual 
K  ?  a  ^olved  suhstance  from  its  original  solution  into 
SSw^V.  \ng  Pkce,  notwithstanding  the  higher  specific 
TSEL  Sr  au7ljsta™e  whlch  0PP08es  this  passage,  is  called  the 
e kl  aZf  qU,'h-  T^e  Phenomena  of  this  diffusion  have  been 
nor w  7  nVe8tttd  h*  0raham>  who  has  ai'rived  at  very  im- 
!  rl  ltH:-  Dlfferent  substances,  when  in  solution  of  the 
with  t°nCentratlon'  and  nnder  other  similar  circumstances,  diffuse 

.  very  unequal  velocity.  Hydrochloric  acid,  for  instance, 
chWw  Wlth  neater  rapidity  than  potassium  chloride,  potassium 
mm-  W  r<Tdly  than  sodium  chloride,  and  the  latter,  again, 
ear-nn,  i  lvY  D  magnesium  sulphate;  gelatin,  albumin,  and 
caramel  diffuse  very  slowly.    Diffusion  is  generally  found  to  take 
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place  more  rapidly  at  high  than  at  low  temperatures.  Diffusion 
morenarticularly  rapid  with  crystallised  substances,  though  not 
^S^iSfSf^ditorio  acid  and  alcohol  are  among  the 
SSnSusive  bodies.    Diffusion  is  s  ow  with  non-crystalhne 
fidiel,  which,  like  gelatin,  are  capable  off^f  aj^£ 
though  even  here  exceptions  are  met  with.   Graham  calls  tne  bud 
stances  of  great  diflusibility  crystalloids,  the  substances  of  low 
dSbihtv  co lloids.    The  unequal  power  of  diftusion  with  which 
S£fS  are  endowed  frequently 
of  separating  them.    When  water  is  poured  with  caution  so  as 
to  Svent  mixing,  upon  a  solution  containing  equal  quantities  of 
potasshun  cB  and  sodium  chloride,  the  more  diffusible  potas- 
£n  Xide  travels  more  rapidly  upwards  than  the  less  diffwhle 
anfliTiTTi  chloride   and  very  considerable  portions  of  potassium 
£3e  Shave Reached  the  upper  layers  of  the  water  before 
"odium  chloride  has  arrived  there  in  appreciable  quantity. 
The  separation  of  rapidly  diffusible  crystalloids  and  slowly  dif- 
fusible  colloids  succeeds  still  better. 

A  mor  perfect  separation  of  crystalloids  and  colloids j  may 
be  accomplished  in  tile  following  manner  :-Grah am  made  the 
important  observation,  that  certain  membranes  and  .&  so  parch 
ment  paper,  when  in  contact,  on  the  one  surface  with  a  solu- 
Son  coVaiiffng  a  mixture  of  crystalloidal  and  zoRM  sutoj, 
and,  on  the  other  surface,  with  pine  water  will  P™*^8^ 
to  the  water  of  the  crystalloids,  but  not  oi  the  colloids.    To  cany 


Fig.  84. 


Fig.  SG. 


out  this  important  mode  of  separation,  which  is  designated  hj  tos 
SmdfoSS  the  lower  mouth  of  a  glass  vessel,  open  on  both  sides 
ft.?  S % >  £ tied  over  with  parchment  paper  placed  upon  an  appro- 
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priate  support  (fig  85),  and  transferred,  together  with  the  latter 
into  a  larger  vessel  filled  with  water  (fig.  86);  or  the  vessel  may 
he  suspended,  as  shown  m  fig.  87.  The  liquid  containing  the  dif- 
ferent substances  m  solution  is  then  poured  into  the  inner  vessel 
so  as  to  form  a  layer  of  about  half  an  inch  in  height  upon  "the 
parchment  paper.  The  ciystaUoidal  substances  gradually  pass 
through  the  parchment  paper  into  the  outer  water,  which  may  be 
renewed  from  tune  to  time:  the  colloidal  substances  are  almost 
entirely  retained  by  the  liquid  in  the  inner  vessel.  In  this 
maimer  Graham  prepared  several  colloids,  free  from  crystal- 
loids; he  showed,  moreover,  that  poisonous  crystalloids,  such  as 
arsemous  acid  or  strychnine,  even  when  mixed  with  very  large 
proportions  of  colloidal  substances,  pass  over  into  the  water  of  the 
dm  yser  in  such  a  state  of  purity  that  their  presence  may  be  estab- 
lished by  re-agents  with  the  utmost  facility 

Osmose.-Wken  two  different  liquids  are  separated  by  a  porous 
S  1'-  f°£  mStanCe'  ^  a  membrane,  ^d  the  liquicls  nS 

Welt^  ^T1'  • 18  f0Und  that  *  m08t  cases  the  quantSS 
travelling  in  opposite  directions  are  unequal.     Suppose  three 
cyhnders,  the  lower  mouths  of  which  are  tied  over  wit?  hladS 
filled  respectively  with  concentrated  solutions  of  copper  sulpha te 
sodium  chloride,  and  alcohol,  and  let  them  be  immeSed  in  yes  els 

t0lf  ad6ptVhat  tte  ^ds  Me  and  ouSe 
£il  £  I  8'  }'  6r  S°me  tme  the  U(lmcl  wtKn  the  tube  is 
found  to  have  risen  appreciably  above  the  level  of  the  water  (fig 
89).  On  the  other  hand,  if  the  cylinder  filled  with  pure  water  be 
nnmersed  in  a  solution  of  copper  Sulphate,  or  oTsoclfrmi  cSoride! 


Fie.  88. 


Fig.  89. 


Fig.  90. 


ZeiX)kllfr  the  CyHnder  is  seen  t0  ^minisl,  after 
the  bladder  1?'   i  ^    ge,r  1uantlty  of  water  passes  through 
n  o  the  solution  of  copper  sulphate,  of  sodium  chlorile, 

wl,,r  ,     Z  i     Vu  T,ount  of  eiU,er  *  these  three  liquids 
n   .  s  1,  I  r'"'',  ]w  U!Mev  int0  the  water.    The  mixing  of 
^  8u,,stance8  through  a  porous  diaphragm  is  called  o.vwse. 
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The  passage  in  larger  proportion  of  one  liquid  into  another  is 
designated  by  the  term  exosrmse  tion  whioh  the  two  liquids 

These  phenomena  are  due  ^^^0^X  attraction  Ixer- 
have  for  each  other,  and  to  the  llf  el^dg  Bladder  takes  up  a 
cised  by  the  diaphragm  upon  these  kqmds     *«a  l 

Tt^ST^J  only -e  ^145?SS™  dia- 
alcohol.  Veiy  laieiy _oniy unequal  strength  move  in 
phragm ;  generally  two  currents  o :       q         an°animal  mem- 

tion  ot  water  to  tnese  ^  ,     '        over  into  the  water. 


tion  of  water  to  tnese  u^nCl  also  nasses  over  into  the  water, 
hydrochloric  acid  anc in  concentrated 
In  some  cases,  howevei,  wnen  d     ter  on  the  other, 


passing  through  to  the  water.  ,  ,       f         in  water  (or 

m^mm 


Bunation  of  this  subject,  different  sases 

Water  dissolves  very  imequal  quantities  ol  the  drttei e™  *  _ 
and  very  unequal  quantities  of  the  same  gas  ^  ^eieut  tonpew 
toes     1  vol.  of  water  absorbs,  at  the  temperatures  stated  m  the 
Se  and  under  the  pressure  of  30  ^^^^Sb 
ing  volumes  of  different  gases,  measured  at  0  U  ana  <$u  u 

pressure : — 


0°  C.  . 
10° 

20°  • 


0°  C. 
10° 
20° 
30° 
40° 


Oxygen. 

0-041 
0-033 
0-028 

Chlorine. 

2-59 
2-16 
1-75 
1-37 


Nitrogen. 

Hydrogen. 

0-020 

0-019 

0-016 

0-019 

0-014 

0-019 

Hydrogen 

Sulphurous 

Sulphide. 

Oxide. 

4-37 

53-9 

3-59 

36-4 

2-91 

27-3 

2-33 

20-4 

1-86 

156 

Nitrogen 

Carbon 

Monoxide. 

Dioxide, 

1-31 

1-80 

0-92 

1-1S 

0-67 

0-90 

Hydrochlo- 

Ammo- 

ric Acid. 

nia. 
1180 

505 

472 

898 

441 

6S0 

412 

536 

387 

444 

When  the  pressure  increases,  a  larger  quantity  of  the  gases  s 
, Wied  GaL  moderately  soluble  in  water  follow  m  their  solu- 
Sv  the  law  of  Henry  and  Dalton,  according  to  which  the  quan- 
tityof 4  dissolved  is  proportional  to  the  pressure .  At  10  C 
\  vol  of  water  absorbs  under  a  pressure  of  1  atmosphere  3 18  voL 
7  l  nVdioxide  measured  at  0°  and  under  a  pressure  of  30  mcnes 
of  carbon  of  earbon  dioxide  Solved  under  a  pres- 

SS^fj  atoOBpheres,  W  measured  under  conditions  precisely 
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similar  to  those  of  the  previous  experiments,  equals  2-36  vols 
Again,  1  vol.  of  water  dissolves  under  a  pressure  of  \  atmosphere' 
0-59  vol.  of  carbon  dioxide  also  measured  at  0°  and  under  30  inches 
oi  mercury.  Gases  which  are  exceedingly  soluble  in  water  do  not 
obey  this  aw  except  at  higher  temperatures,  when  the  solubilitv 
iias  been  already  considerably  diminished. 

It  deserves,  however,  to  be  noticed,  that  the  pressure  which 
determines  the  rate  of  absorption  of  a  gas  is  by  no  means  the 
general  pressure  to  which  the  absorbing  liquid  is  exposed,  but  that 
pressure  which  the  gas  under  consideration  would  exert  if  it  were 
alone  present  m  the  space  with  which  the  absorbing  liquid  is  in 
contact    Thus,  supposing  water  to  be  in  contact  with  a  mixture 

nf  \  f     U  £ 0X1(16  and  3  Tls"  0f  IlitroSen>  under  a  Pressure 

oi  4  atmospheres,  the  amount  of  carbon  dioxide  dissolved  by  the 

water  wdl  be  by  no  means  equal  to  that  which  the  water  would 

have  absorbed  if  it  had  been,  at  the  same  pressure  of  4  atmospheres 

m  contact  with  pure  carbon  dioxide.    In  a  mixture  of  carbon 

dioxide  and  nitrogen  in  the  stated  proportions,  the  carbon  dioxide 

exercises  only  |,  the  nitrogen  only  £  of  the  total  pressure  Ttht 

gaseous  mixture  (4  atmospheres);  the  partial  pressure  due  to  he 

carbon  dioxide  is  in  this  case  1  atmosphere,  that  due  to  the  nitro! 

gen  3  atmospheres;  and  water,  though  exposed  to  a  pressure  of 

4  atmospheres,  cannot,  under  these  circumstances,  absorb  more 

carbon dioxide  than  it  would  if  it  were  in  contact  with  puSe  carbon 

dioxide  under  a  pressure  of  1  atmosphere 

the  air  XITI°  biai'itfliS  *  °rder  t0  ^erstand  why 

toe  air  wluch  is  absorbed  by  water  out  of  the  atmosphere  differs 

nea T&T^  *T  atmos^  The  latter  cLsi  ts  vet 
2  whil  I  J  °,  °Xygen  and  79  V0ls-  of  ni^ogen.  In  atmospheric 
an  which  acts  under  a  pressure  of  1  atmosphere,  the  oxygen  exerts 
a  partial  pressure  of  #t,  the  nitrogen  a  partial  pressme  o7S! 
Jtoosphere  At  10°  C.  1  vol.  of  water  (see  the  above  tabM  absorbs 
0  033  vol.  of  oxygen,  and  0-016  vol.  of  nitrogen,  supposing  these 

canno     l1'  ^  ^'em  Just  ^dicated.  water  of  10°  C 

?Y  nt°rbnT  ,than  *  X  0-033  =  0-007  of  oxygen  and 
K°  016  =  CIS  vol.  of  nitrogen.    In  0-007  +  0-13  =  0(E0  vo 

0  0 miXtlire  ibS01'bed  by  Wat6r  the^  are  -nsequ  i^t t 
SmSure  °'°13  a-  °f  nitrogen'  01  in  20  vols,  of 

vols  '  °f  oxygen,  and  13  vols,  of  nitrogen,  or  in  100 

SLen  ST  ]'"fXtUn7  f  uVGk  °f  "Wn  and  69  vols,  of 
-  has  M  J  fa at C^med  t  ^  «™n  temperature  in  water 
atmospheric  a£  7  mUch  nchei  m  oxygen  than  ordinary 

<>^Z'^uT  \t3  in  f°lution'  when  exposed  in  a  vacuum 
escape  nil  (.1       ^another  gas,  allows  the  gas  absorbed  to 

the  pre   m     ,*  '|Ua""ty  ,;eta,,,<!'1  responds  with  tho  share  of 
Pleasure  belonging  to  the  gas  evolved,    [f  the  latter  be  con- 
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stantly  removed  by  a  powerful  absorbent tTffi 
it  i8  in  niost  cases  easy  to  separate  eve y  tojce  dtg^  & 
water.  The  same  result  is  obtaineLl  ^  rommrativeiy  infinite  size 
in  solution  is  exposed  m  ^pace  of  ^JP^^J  monoxide  is 
filled  with  another  gas  Water  in  whxeh  mtog^  tQ  ^  ^ 
dissolved  loses  the  latter  enm  wy  y  foment,  exert  more 

sphere,  and  the  gas  evolved  cannot  %f  water  be  freed 

than  an  section defends  partly  upon  the 

theSoiria"TXh'are  absorbed  in  large  cities,  «JLj 
fectly  expelled  eithei  by  me  juu  .  ^  udl  cases  the 

Imical  combination. in  ^^ASt 
SStXSffi:  witi^K^of  a  solid  hydrate  of 

CHP°vS  w^^sol™  gases  more  copiously  than  water 
conSg  -fid  bodied  in  solutiSn  (salt  water,  * 
in  some  few  cases  exceptions  are  ^  ,  ^3,3 
appear  to  depend  upon  the  formation  "el^b^S^S  is 

S  so  to  thin  by  pure  water  may  perhaps  le  explained  m  this 

mThen  water  is  heated  in  a  strong  vessel  to  a  temperature ^  above 
rtn  of Me  ordinary  boiling-point,  its  solvent  powers  are  still 
?5w  Wreased     Dr.  Turner  enclosed  in  the  upper  part  oi  a 

!S  leu*  to  "lustete  the  changes  which  may  he  produce*  hj 
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the  action  of  water  at  a  high  temperature  in  the  interior  of  the 
earth  upon  felspathic  and  other  rocks.  The  phenomenon  is 
mamiest  in  the  Geyser  springs  of  Iceland,  which  deposit  siliceous 
sinter 


_  Hydrogen  Dioxide,  H202l,  sometimes  called  oxygenated  water 
is  an  exceedingly  interesting  substance,  but  very  difficult  of  pre- 
•  paration.  It  is  formed  by  dissolving  barium  dioxide  in  dilute 
hydrochloric  acid  carefully  cooled  by  ice,  and  then  precipitating  the 
barium  by  sulphuric  acid;  the  excess  of  oxygen  of  the  dioxide 
instead  oi  being  disengaged  as  gas,  unites  with  a  portion  of  the 
water  and  converts  it  into  hydrogen  dioxide.  This  treatment  is 
repeated  with  the  same  solution  and  fresh  portions  of  the  barium 
dioxide,  until  a  considerable  quantity  of  the  latter  has  been  con- 
sumed, and  a  corresponding  amount  of  hydrogen  dioxide  formed. 
1  he  liquid  yet  contains  hydrochloric  acid,  to  get  rid  of  which  it  is 
treated  in  succession  with  silver  sidphate  and  baryta-water  The 
whole  process  requires  the  utmost  care  and  attention.  The  barium 
dioxide  itself  is  prepared  by  exposing  pure  baryta,  contained  in  a 
red-hot  porcelain  tube,  to  a  stream  of  oxygen.  The  solution  of 
hydrogen  dioxide  may  be  concentrated  under  the  air-pump  re- 

rt  presents  the  aspect  of  a  colourless,  transparent,  inodorous  liquid, 
possessing  remarkable  bleaching  powers?  It  is  very  prone  to 
decomposition;  the  least  elevation  of  temperature  causes  effer- 

Ee  Tt T  1TC  V1°lenCe-  Hycb'°gen  dioxide  contains  exactly 
twice  as  much  oxygen  as  water,  0^16  parts  to  1  part  of  hydrogen. 

NITROGEN. 

Atomic  weight,  14 ;  symbol,  N. 

^Mo\C°^te-  ?h°f  fol?:fiMlS  of  the  atmosphere,  and 
enters  into  a  great  variety  of  combinations.    It  may  be  prepared 

^VoXTot"3-  ^  f  th&S^t  of  these  fs  to  fiTout 
S  SjSogeT  ^  P°rtl0n  °f  ak  *  ^hovus,  or  by  a 

maticSlfe^  Cap^  is  1°ated  011  the  water  of  the  pneu- 
Ab-  rl  V  ■  P16CJ  "  P^orusisplacedinit  and  set  on  fire, 
the  she  f  oF  S  0VCT  the  who'e>  ^  suffered  to  rest  on 

St  the  hit  ,  roUgh'  S°  M. t0  P5°ject  a  little  0VC1'  its  edge.  At 
bubbhs  r!  caus?s,exPans10n  of  the  air  of  the  jar,  and  a  few 
cobles  are  expelled,  after  which  the  level  of  tie  water  rises 

^■e.,  Generator  of  nitre;  also  called  Azote,  from  a,  privative,  and 
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Fig.  91. 


considerably  When  the  V^^ec^^^j 
exhaustion  of  the  oxygen,  and  tune  bu^ been  grv  ^  ^ 

divided  snow-like  phosphoric 
oxide  which  floats  in  the  resi- 
dual gas,  the  nitrogen  may  be 
transferred  into  another  vessel, 
and  its  properties  examined. 

Prepared  by  the  foregoing 
process,  nitrogen  is  contami- 
nated with  a  little  vapour  of 
phosphorus,  which  communi- 
cates its  peculiar  odour.  A 
preferable  method  is  to  fill  a 
porcelain  tube  with  turnings 
of  copper,  or,  still  better,  with 
the  spongy  metal  obtained  by 
reducing  the  oxide  with  hydro- 
gen ;  to  heat  this  tube  to  red- 
ness- and  then  pass  through  it  a  slow  stream  of  atmospheric  air, 
the  oxygen  of  which  is  entirely  removed  during  its  progress  by 
the  heated  copper.  .  1ott„. 

If  chlorine  gas  be  passed  into  solution  of  ammonia,  the  latter 
substance,  which  is  a  compound  of  nitrogen  with  hydrogen,  is 
decomposed ;  the  chlorine  combines  with  the  hydrogen,  and  the 
nitroo-en  is  set  free  with  effervescence.    In  this  manner  very  pure 
nitrogen  can  be  obtained.     In  making  this  experiment  it  is  neces- 
sary to  stop  short  of  saturating  or  decomposing  the  whole  ot  the 
ammonia ;  otherwise  there  will  be  great  risk  of  accident  irom  the 
formation  of  an  exceedingly  dangerous  explosive  compound,  pro- 
duced by  the  contact  of  chlorine  with  an  ammomacal  salt. 
"  Another  very  easy  and  perfectly  safe  method  of  obtaining  pure 
nitroo-en  is  to  decompose  a  solution  of  potassium  mtrite  witn 
ammoniiun  chloride  (sal-ammoniac).     The  potassium  nitrite  is 
prepared  by  passing  the  red  vapours  of  nitrous  acid  obtained  dj 
heating  dilute  nitric  acid  with  starch  into  a  solution  ol  caustic 
potash!    On  boiling  the  resulting  solution  with  sal-arnmomaCj 
nitrogen  gas  is  evolved,  while  potassium  chloride  remains  m  solu- 
tion.0 The  reaction  is  represented  by  the  equation, 


KNO,    +    NH4C1    =    KC1  + 


Potassium 
nitrite. 


Ammonium 
chloride. 


Potassium 
chloride. 


2H20 

Water. 


+  Ns 


Nitrogen 
gas. 


Nitrogen  is  destitute  of  colour,  taste,  and  odour ;  it  is  a  little 
liohtei  than  air,  its  density  being  0-972.  A  litre  of  the  gas  at  0  u 
and  760  mm.  barometric  pressure  weighs  1  -25658  gram.  100  cubic 
Sies  at  60°  F.  and  30  inches  barometer,  weigh  3014  grams. 
Nitrogen  is  incapable  of  sustaining  combustion  or  animal  existence, 
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although,  like  hydrogen,  it  has  no  positive  poisonous  properties  • 
neither  is  it  soluble  to  any  notable  extent  in  water  or  in  caustic 
amili ;  it  is,  m  iact,  best  characterised  by  negative  properties. 

Atmospheric  Air.— The  exact  composition  of  the  atmosphere  has 
repeatedly  been  made  the  subject  of  experimental  research  Besides 
nitrogen  and  oxygen,  the  air  contains  a  little  carbon  dioxide  (car- 
bonic acid),  a  very  variable  proportion  of  aqueous  vapour,  a  trace  of 
ammonia,  and,  perhaps,  a  little  carburetted  hydrogen.   The  oxv°en 
and  nitrogen  are  in  a  state  of  mixture,  not  of  combination,  yet  their 
ratio  is  always  uniform.    Ah-  has  been  brought  from  lofty  Alpine 
heights,  and  compared  with  that  from  the  plains  of  Egypt  ■  it  has 
been  brought  from  an  elevation  of  21,000  feet  by  the  aid  of  a 
balloon;  it  has  been  collected  and  examined  in  London  and  Paris 
and  many  other  places ;  still  the  proportion  of  oxygen  and  nitrogen 
J11™??  the  diffusive  energy  of  the  gas'es  being  adequate 
to  maintain  this  perfect  uniformity  of  mixture.    The  carbon 
dioxide,  on  the  contrary,  being  much  influenced  by  local  causes 
vanes  considerably.    In  the  following  table  the  proportions  of 
oxygen  and  nitrogen  are  given  on  the  authority  of  Dumas,  and 

overv  n°fn  "V***  °J  B&  the  the  dis- 

HlW?   rm  atmospheric  air  is  due  to  Liebig,  is  too  small 
m  quantity  for  direct  estimation. 

Composition  of  the  Atmosphere. 

VP.  By  weight.  By  measure. 

Nitrogen,  77  parts  79-19 

0xreen>     •       •  •       -     _23    „  20-81 

100  100-00 
Carbon  dioxide,  from  3-7  measures  to  6-2  measures  in  10  000 

measures  of  air.  ' 
Aqueous  vapour  variable,  depending  much  upon  the  tempera- 
Ammonia,  a  trace. 

the^alK  of  haS  ^DalyStd  SamPles  of  air  taken  by  bimself  in 

Grand  sSi ?L,    Tw'n*  the  8Ummit  °f  Mont  Blanc>  and  at  the 
wands  Mulets.    The  following  are  the  results  of  his  analyses :- 

r,i  .  ,  Carbon  dioxide.  Oxytrcn. 

ChaTnoum  .3000  feet),     .       .       0-063  20-894 

MWW  e^(11'Tfeet)>  •  0,111  20-802 
Mont  Blanc  (15,732  feet),  0-061  20-963 

1  -2^fifief  °f  pUre  aml  dl7 air  at  °°  °-  ancl  760 mm.  pressure  weighs 

ieS te1    J00  cubic  inches  at  60°  F.  and  30  inches  barom. 
b"  w  y.i&  gramg .  hence  a  cubi(,  foot  weig]lfl  53G.g6  gl,ainS) 
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Fig.  92. 


which  is  A  of  the  weight  ot  a  eubia  foot  of  water  at  the  same 

hausted  "lass  globe,  also  previously  weighed 
The  increase  oi  weight  after  the  experiment 
o-ives  the  information  sought. 

An  easier,  hut  less  accurate  method,  consist* 
introducing  into  a  graduated  tube  Btendmg 
0Ver  water,  a  known  quantity  of the ,bb to  be 
examined,  and  then  passing  into  the  latter  a 
stick  of  phosphorus  affixed  to  the  end  of  a  wire. 
The  whole  is  left  about  twenty-four  horn,, 
during  which  the  oxygen  is  slowly  but  corn- 
Ely  absorbed,  after  which  the  phosphorus  is 
withdrawn,  and  the  residual  gas  read  oft. 

Liebig  has  proposed  to  use  an  alkaline  solu- 
tion of  pyrogallic  acid  (a  substance  which 
be  described0  in  the  department  of  organic 
chemistry)  for  the  absorption  of  oxygen,  Ihe 

absorptive  power  of  suc/i  ^^^32 
on  corning  m  contact  with  the  oxygen,^is  ve^y  ^ 

(Treat  accuracy  with  unusual 
rapidity  and  facility  of  exe- 
cution. 

Another  plan  is  to  mix 
the  air  with  hydrogen  and 
pass  an  electric  spark 
through  the  mixture :  after 
explosion  the  volume  of  gas 
is  read  off  and  compared 
with  that  of  the  air  em- 
ployed. Since  the  analysis 
of  gaseous  bodies  by  explo- 
sion is  an  operation  of  great 
importance,  it  may  be  worth 
while  to  describe  the  pro- 
cess in  detail,  as  it  is  ap- 
plicable, with  certain  ob- 
vious variations,  to  a  num- 
ber of  analogous  cases. 

Instruments  for  this  pur- 
pose,  are   called  eudio- 
meters. The  simplest,  and, 
on  the  whole,  the  most  convenient  consists  of  a  straight  graduated 
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glass  tube  (fig.  93)  closed  at  the  top,  and  having  platinum  wires 
inserted  near  the  closed  end,  to  give  passage  to  an  electric  spark. 
This  tube  is  filled  with  rnerciuy,  and  inverted  in  a  mercurial 
pneumatic  trough. 

For  the  analysis  of  air,  a  quantity  sufficient  to  fill  about 
one-sixth  of  the  tube  is  introduced,  and  its  volume  accurately 
ascertained  by  reading  off  with  a  telescope  the  number  of  divi- 
sions on  the  tube  to  which  the  mercury  reaches,  whilst  the  height 
of  the  column  of  mercury  in  the  tube  above  the  trough,  together 
with  that  of  the  barometer,  and  the  temperature  of  the  air,  are 
also  read  off.  A  quantity  of  pure  hydrogen  gas  is  now  added, 
more  than  sufficient  to  unite  with  all  the  oxygen  present  (about 
half  the  volume  of  the  air) ;  and  the  volume  of  the  gas  and  the 
pressure  exerted  upon  it,  are  determined  as  before.  An  electric 
spark  is  now  passed  through  the  mixture,  care  being  taken  to 
prevent  any  escape,  by  pressing  the  open  end  of  the  eudiometer 
against  a  piece  of  sheet  caoutchouc  under  the  mercury  in  the 
trough.  After  the  explosion,  the  volume  is  again  determined,  and 
is  found  to  be  less  than  that  before  the  explosion.  The  volume 
of  gas  read  off  must  in  each  case  be  reduced  to  standard  pressure 
and  temperature  by  the  method  already  given  (p.  27). 

Now,  since  the  hydrogen  is  in  excess,  and  2  volumes  of  that  gas 
unite  with  1  volume  of  oxygen  to  form  water,  one-third  of  the 
diminution  must  be  the  volume  of  the  oxygen  contained  in  the 
air  introduced.    An  example  will  render  this  clear : — 

Air  introduced,  100  measures. 


Air  and  hydrogen,  ....  160 
Volume  after  explosion,        ...  97 

Diminution,  63 

63 

-g-  =  21  =  oxygen  in  the  100  measures. 


Compounds  of  Nitrogen  and  Oxygen. 

There  are  five  distinct  compounds  of  nitrogen  and  oxygen,  thus 
named  and  constituted  :— 


Composition. 


Ky  weight.  By  volume. 

■,,  Formula.     Nitrogen.  Oxygen. 

Monoxide,      .    .       K.n  oa  i« 

Dioxide,  . 
Trioxide,  or  Nitrous  ) 

oxide,  .  .  ( 
Tetroxide,  .  .  ' 
Pentoxide,  or  Nitric 

oxide,    .    ,  , 


N20 

28 

16 

2 

1 

N202  or  NO 

28 

32 

2 

2 

N203 

28 

48 

2 

3 

N304orN02 

28 

64 

2 

4 

NsOB 

28 

80 

2 

5 

H2O.N203  or  HNO, 
K2O.N203  or  KNO, 

H,O.N205  or  HN03 
K;O.Nj05  or  KN03 
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A  comparison  of  these  numbers  will  show  that ;  the  quantities  of 
oxygen  which  unite  with  a  given  quantity  of  nitrogen  are  to  one 
another  in  the  ratio  of  the  numbers  1,  2,  3,  4,  5. 

The  first,  third,  and  fifth  of  the  compounds  in  the  table  are 
capable  of  taking  up  the  elements  of  water  and  of  metallic  oxides 
to  form  salts  (p  116),  called  respectively  hypomtn  es 
nitrites,  and  nitrates,  the  hydrogen  salts  being  also  called 
hvnonitrous,  nitrous,  and  nitric  acid. 

yThe !  composition  of  these  acids  and  of  their  potassium  salts  is 
represented  by  the  following  formultE  :— 

Hydrogen  Hyponitrite,  or  Hyponitrous  acid,  H2O.N20  or  HNO 
Potassium  Hyponitrite, .       .       •  „2^„2^ 
Hydrogen  Nitrite,  or  Nitrous  acid, 
Potassium  Nitrite, 
Hydrogen  Nitrate,  or  Nitric  acid, 
Potassium  Nitrate, 

The  dioxide  and  tetroxide  of  nitrogen  do  not  form  salts. 

It  will  be  convenient  to  commence  the  description  of  these  com- 
pounds with  the  last  on  the  list,  viz.,  the  pentoxide,  as  its  salts, 
thXates,  are  the  sources  from  which  all  the  other  compounds 
in  the  series  are  obtained. 

Nitrogen  Pentoxide,  or  Nitric  Oxide,  NA  (also  called  ^n- 
hydrous  Nitric  Acid,  or  Nitric  Anhydride).-This  compound  was 
discovered  in  1849  by  Deville,  who  obtained  it  by  em 
nitrate  to  the  action  of  chlorine  gas  Chlorine  and  silver  then 
combine,  forming  silver  chloride,  which  remains  in  the  apparatus, 
while  oxygen  and  nitrogen  pentoxide  separate : 

Ag2O.N205    +    Cl2    =    AgCl    +  N205. 

The  latter  is  a  colourless  substance,  crystallising  in  six-sided 
prisms,  which  melt  at  30°  and  boil  between  45°  and  50°,  when 
thev  be°in  to  decompose.  Nitrogen  pentoxide  sometimes  explodes 
spontaneously.  It  dissolves  in  water  with  great  rise  of  tempera- 
ture, forming  hydrogen  nitrate  or  nitric  acid. 

Nitrates— Nitric  Acid.— In  certain  parts  of  India  and  in 
other  hot  dry  climates  where  rain  is  rare,  the  surface  ot  the  soil  is 
occasionally  covered  by  a  saline  efflorescence,  bke  that  sometimes 
SSoi  newly  plastered  walls;  this  substance  collected  dis- 
Sed  in  hot  water,  and  crystallised  from  the  filtered  solution, 
fntnishes  the  highly  important  salt  known  in  commerce  as  nitre  01 
sXeto  and  —ting  of  potassium  nitrate.  To  obtain  mine 
acid P  equal  weights  of  powdered  nitre  and  strong  sulphuric  acid  axe 
h  roduced  into  a  glass  retort,  and  heat  is  applied  by  means  of 
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an  Argand  gas-lamp  or  charcoal  chauffer.  A  flask,  cooled  by  a 
wet  cloth,  is  adapted  to  the  retort  to  serve  for  a  receiver.  No 
luting  of  any  kind  must  be  used. 

As  the  distillation  advances,  the  red  fumes  which  first  arise 
disappear,  but  towards  the  end  of  the  process  they  again  become 
manifest.  When  this  happens,  and  very  little  liquid  passes  over, 
while  the  greater  part  of  the  saline  matter  of  the  retort  is  in  a 
state  of  tranquil  fusion,  the  operation  may  be  stopped ;  and  when 
the  retort  is  quite  cold,  water  may  be  introduced  to  dissolve  out 
the  saliue  residue.  The  reaction  consists  in  an  interchange  between 
the  potassium  of  the  nitre  and  half  the  hydrogen  of  the  sulphuric 
acid  (hydrogen  sulphate),  whereby  there  are  formed  hydrogen 
nitrate  which  distils  over,  and  hydrogen  and  potassium  sidphate 
which  remains  in  the  retort. 


KN03    +    H2S04   =   HNO3    +  HKS04 

Potassium  Hydrogen         Hydrogen        Hydrogen  and 

nitrate.  sulphate.  nitrate.      potassium  sulphate. 

■  In  the  manufacture  of  nitric  acid  on  the  large  scale,  the  glass 
retort  is  replaced  by  a  cast-iron  cylinder,  and  the  receiver  by  a 
series  of  earthen  condensing  vessels  connected  by  tubes.  Sodium 
nitrate,  found  native  in  Peru,  is  now  generally  substituted  for 
potassiimi  nitrate. 

Nitric  acid  thus  obtained  has  a  specific  gravity  of  from  1-6  to 
1'52;  it  has  a  golden-yellow  colour,  due  to  nitrogen  trioxide,  or 
tetroxide,  which  is  held  in  solution,  and,  when  the  acid  is  diluted 
with  water,  gives  rise  by  its  decomposition  to  a  disengagement  of 
nitric  oxide.  Nitric  acid  is  exceedingly  corrosive,  staining  the 
skin  deep  yellow,  and  causing  total  disorganisation.  Poured  upon 
red-hot  powdered  charcoal,  it  causes  brilliant  combustion;  and 
when  added  to  warm  oil  of  turpentine,  acts  upon  that  substance 
so  energetically  as  to  set  it  on  fire. 

Pure  nitric  acid,  in  its  most  concentrated  form,  is  obtained  by 
mixing  the  above  with  about  an  equal  quantity  of  strong  sulphuric 
acid,  redistilling,  collecting  apart  the  first  portion  which  comes 
over,  and  exposing  it  in  a  vessel  slightly  warmed  and  sheltered 
™m  the  light,  to  a  current  of  dry  aix  made  to  bubble  through  it, 
winch  completely  removes  the  nitrous  acid.  In  this  state  the 
?«ao  ^  \s  a.?  colour]ess  as  water;  it  has  the  sp.  gr.  1-517  at  15-5° 
l«>  a.) ,  boils  at  84-5°  (184°  P.),  and  consists  of  54  parts  nitrogen 
pentoxide  and  9  parts  water.  Although  nitric  acid  in  a  more 
unute  term  acts  very  violently  upon  many  metals,  and  upon 
'T^'iic  substances  generally,  this  is  not  the  case  with  the  most 
cracentrated  acid  :  even  at  a  boiling  heat,  it  refuses  to  attack  iron 
>r  tin  ;  ami  its  mode  of  action  on  lignin,  starch,  and  similar  sub- 
sunccs,  is  quite  peculiar,  and  very  much  less  energetic  than  that 
01  an  acid  containing  more  water. 
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On  toiling  nitric  acid  of  different  degrees  of  concentration,  at 
the  ordinary  atmospheric  pressure,  a  residue  is  left,  boiling  at 
120-5°  and  29  inches  barometer,  and  having  the  sp.  gr.  1-414  at 
15-5°  This  acid  was  formerly  supposed  to  he  a  definite  compound 
of  nitric  acid  with  water;  hut  Roscoe  has  recently  proved  this 
assumption  to  he  incorrect,  the  composition  of  the  acid  varying 
according  to  the  pressure  under  which  the  liquid  boils. 

The  nitrates  form  a  very  extensive  and  important  group  oi 
salts,  which  are  remarkable  for  being  all  soluble  m  water. 
Hydrogen  nitrate  is  of  great  use  in  the  laboratory,  and  in  many 
branches  of  industry.  .  .    .  „on 

The  acid  prepared  in  the  way  described  is  apt  to  contain  traces 
of  chlorine  from  common  salt  in  the  nitre,  and  sometimes  of 
sulphate  from  accidental  splashing  of  the  pasty  mass  in  the  retort. 
To  discover  these  impurities,  a  portion  is  diluted  with  four  or  five 
times  its  bulk  of  distilled  water,  and  divided  between  two  glasses 
Solution  of  silver  nitrate  is  dropped  into  the  one,  and  solution  ol 
barium  nitrate  into  the  ether;  if  no  change  ensue  m  either  case, 
the  acid  is  free  from  the  impurities  mentioned. 

Nitric  acid  has  been  formed  in  small  quantity  by  a  very  curious 
process —namely,  by  passing  a  series  of  electric  sparks  through  a 
portion  of  air  in  contact  with  water  or  an  alkaline  solution,  lhe 
amount  of  acid  so  formed  after  many  hours  is  very  minute ;  still 
it  is  not  impossible  that  powerful  discharges  of  atmosphene  elec- 
tricity may  sometimes  occasion  a  trifling  production  ot  nitric  acid 
in  the  air.  A  very  minute  quantity  of  nitric  acid  is  produced  by 
the  combustion  of  hydrogen  and  other  substances  in  the  atmo- 
sphere ;  it  is  also  formed  by  the  oxidation  of  ammonia. 

Nitric  acid  is  not  so  easily  detected  in  solution  m  small  quan- 
tities as  many  other  acids.  Owing  to  the  solubility  of  all  its 
compounds,  no  precipitant  can  be  found  for  this  substance.  An 
excellent  mode  of  testing  it  is  based  upon  its  power  of  bleaching 
a  solution  of  indigo  in  sulphuric  acid  when  boiled  with  that 
liquid  The  absence  of  chlorine  must  be  insured  m  this  experi- 
ment by  means  which  will  hereafter  be  described;  otherwise  the 

result  is  equivocal.  „    .  .       •  ,  •    ^  f„i 

The  best  method  for  the  detection  of  nitric  acid  is  the  ioi- 
lowmo. :— The  substance  to  be  examined  is  boiled  with  a  small 
quantity  of  water,  and  the  solution  cautiously  mixed  with  an 
equal  volume  of  concentrated  sulphuric  acid ;  the  liquid  is  then 
allowed  to  cool,  and  a  strong  solution  of  ferrous  sulphate  carefully 
poured  upon  it,  so  as  to  form  a  separate  layer.  If  large  quantities 
of  nitric  acid  are  present,  the  surface  of  contact  first,  and  then 
the  whole  of  the  liquid,  becomes  black.  If  but  small  quantities 
of  nitric  acid  are  present,  the  liquid  becomes  reddish-brown  or 
nurple  The  ferrous  sulphate  reduces  the  nitric  acid  to  nitrogen 
dioxide,  which,  dissolving  in  the  solution  of  ferrous  sulphate, 
imparts  to  it  a  dark  colour. 
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Fig.  94. 


Nitrogen  Monoxide,  N,0  (sometimes  called  Nitrous  Oxide; 
also  Laughing  Gas). — When  solid  ammonium  nitrate  is  heated  in 
a  retort  or  flask*  (fig.  94),  furnished  with  a  perforated  cork  and 
Lent  tube,  it  is  resolved  into  water  and  nitrogen  monoxide 
NH4.N03  =  H20+]Sr20. 

No  particular  precaution  is  required  in  the  operation,  save  due 
regulation  of  the  heat,  and  the  avoidance 
of  tumultuous  disengagement  of  the  gas. 

Nitrogen  monoxide  is  a  colourless,  trans- 
parent, and  almost  inodorous  gas,  of  dis- 
tinctly sweet  taste.  Its  specific  gravity  is 
1-525;  a  litre  of  it  weighs  1-97172  gram; 
100  cubic  inches  weigh  47-29  grains.  It 
supports  the  combustion  of  a  taper  or  a 
piece  of  phosphorus  with  almost  as  much 
energy  as  pure  oxygen :  it  is  easily  distin- 
guished, however,  from  that  gas  by  its  solu- 
bibty  in  cold  water,  which  dissolves  nearly 
its  own  volume :  hence  it  is  necessary  to 
use  tepid  water  in  the  pneumatic  trough  or 
gas-holder,  otherwise  great  loss  of  gas  will 
ensue.  Nitrogen  monoxide  has  been  lique- 
fied, but  with  difficulty;  it  requires,  at  45°  F. 
(7-2  C),  a  pressure  of  50  atmospheres :  the 
liquid,  when  exposed  under  the  bell-glass 
of  the  air-pump,  is  rapidly  converted  into  a  snow-like  solid. 
When  mixed  with  an  equal  volume  of  hydrogen,  and  fired  by  the 
electric  spark  in  the  eudiometer,  it  explodes  with  violence,  and 
liberates  its  own  measure  of  nitrogen.  Every  two  volumes  of  the 
gas  must  consequently  contain  two  volumes  of  nitrogen  and  one 
volume  of  oxygen,  the  whole  being  condensed  or  contracted  one- 

rriT~a  constltutlon  resembling  that  of  vapour  of  water. 

Ihe  most  remarkable  property  of  this  gas  is  its  intoxicating 
power  upon  the  animal  system.  If  quite  pure,  or  merely  mixed 
w  Htt  atmospheric  air,  it  may  be  respired  for  a  short  time  without 
wager  or  inconvenience.  The  effect  is  very  transient,  and  is  not 
rauowed  by  depression.  The  gas  is  now  much  used  as  an  anres- 
tnetic  in  dental  surgery. 

JkZ°™^?VIA^>  N2O.H20,  or  HNO.-When  a  solution  of 
BOttium  nitrate,  NaN03,  or  ammonium  nitrate,  NH4.  N03,  is  treated 

C0M«t°n+r°!  oiI-fJil,k1s'  which  mav  l3e  purchased  at  a  very  trifling  sum, 
nra«»fe f cfedingly  uaeful  vessels  for  chemical  purposes,  and  often 
"other  expensive  apparatus.  They  are  rendered  still 
inl  I  n  1  «  hy  cllttlnS  the  neck  smoothly  round  with  a  hot  iron,  soften- 
ed*,! clYAe  ,ame  of Sood  Argand  gas-lamp,  and  then  turning  over  the 

tin" r„rC     h    T  '•  ,1,p  or  Wler-    The  neck  wil1  tuea  hear  a  tightly-llt- 
wng  cork  without  risk  of  splitting 
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with  sodium  amalgam  (a  compound  of  sodium  and  mercury)  the 
nitrate  gives  up  2  atoms  of  oxygen  to  the  sodium,  and  ^reduced to 
hyponitrite,  NaNO.  On  neutralising  the  excess  of  alkali  in  the 
limiid,  by  adding  acetic  acid  till  the  solution  no  longer  gives  a 
brow  01W  precipitate  (of  silver  oxide)  with  ^  ^<f.» 
solution  of  sodium  hyponitrite  is  obtained,  which  is  alkaline  to 
test-paper  and  gives  with  silver  nitrate  a  yellow  precipitate  of 
S^^oSSiE  AgNO.  When  the  original  alkaline  hquid  is 
acidified  with  acetic  acid,  and  heated,  the  hyponitrous  acid  is 
resolved  into  water  and  nitrogen  monoxide,  which  escapes  as  gas, 
2HNO  =  H20  +  N20* 

Nitrogen  Dioxide,  N202  or  NO  (sometimes  called  Nitric 
nrifn\  —Cuppings  or  turnings  of  copper  are  put  into  the  appa- 
rato  employed  for  preparing  hydi-ogen  (p  123),  togethei -  with  , 
little  water,  and  nitric  acid  is  added  by  the  funnel  until  bri  k 
effervescence  is  excited.  The  gas  may  be  collected  over  cold 
water,  as  it  is  not  sensibly  soluble.  ...      >t.  •-, 

The  reaction  is  a  simple  deoxidation  of  some  of  the  nitric  acid 
bv  the  copper :  the  metal  is  oxidised,  and  the  oxide  so  formed  is 
dissolved  by  another  portion  of  the  acid,  forming  copper  nitrate. 
Nitric  acid  is  very  prone  to  act  thus  upon  certain  metals  :— 

8HN03  +  Cu3  =  N202  +  3Cu(N03)2  +  4H20. 

Nitric  acid.  Copper  nitrate. 

The  gas  obtained  in  this  manner  is  colourless  and  transparent: 
in  contact  with  air  or  oxygen  gas  it  produces  deep  red  tumes 
which  are  readily  absorbed  by  water:  this  character  is  sufficient 
to  clistinguish  it  from  aU  other  gaseous  bodies.  A  lighted  taper 
plunged  into  the  gas  is  extinguished;  lighted  phosphorus,  how- 
ever burns  in  it  with  great  brilliancy. 

"  The  specific  gravity  of  nitrogen  dioxide  is  1-039 ;  a  htre weighs 
1-34343  grams.  It  contains  equal  measures  of  oxygen  and  nitro- 
gen gases  united  without  condensation.  When  this  gas  is  passed 
hito  the  solution  of  a  ferrous  salt,  it  is  absorbed  in  large  quantity, 
and  a  deep  brown,  or  nearly  black  liquid  produced,  which  seems 
to  be  a  definite  compound  of  the  two  substances  (p.  152).  me 
compound  is  again  decomposed  by  boiling. 

'  Nitrogen  Trioxide,  or  Nitrous  Oxide,  N203.— When  four 
measures  of  nitrogen  dioxide  are  mixed  with  one  measure  01 
oxygen,  and  the  gases,  perfectly  dry,  are  exposed  to  a  temperature 
of  -18°,  they  condense  to  a  thin  mobile  blue  liquid,  which  emits 
orange-red  vapours.  .         .  , 

Nitrous  oxide,  sufficiently  pure  for  most  purposes,  is  obtained 

*  Divers.    Proceedings  of  the  Royal  Society,  xix.  425 ;  Chem.  Soc. 
Journ.  [2]  ix.  484. 
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by  pouring  concentrated  nitric  acid  on  lumps  of  arsenious  acid 
and  gently  warming  the  mixture,  in  order  to  start  the  reaction.' 
Nitrous  oxide  is  then  evolved  as  an  orange-red  gas,  arsenic  acid 
remaining  behind. 

Nitrous  oxide  is  decomposed  by  water,  being  converted  into 
nitric  acid  and  nitrogen  dioxide :  3N203  +  H20  =  2HN03  -f  2N20„ 
For  this  reason  it  cannot  be  made  to  unite  directly  with  metallic 
oxides;  potassium  nitrite  may,  however,  be  prepared  by  fusing 
potassium  nitrate,  whereby  part  of  its  oxygen  is  driven  off ;  and 
many  other  salts  of  nitrous  acid  may  be  obtained  by  indirect 
means.  Thus  a  solution  of  potassium  or  sodium  nitrite  may  be 
prepared  by  passing  the  vapour  of  nitrogen  trioxide,  obtained  as 
above  by  heating  nitric  acid  with  arsenious  acid  (or  with  starch), 
into  a  solution  of  caustic  potash  or  soda. 

Nitrogen  Tetroxide,  N204  or  N02  (also  called  Nitric  Per- 
oxide).— This  is  the  principal  constituent  of  the  deep  red  fumes 
always  produced  when  nitrogen  dioxide  escapes  into  the  air. 

When  carefully  dried  lead  nitrate  is  exposed  to  heat  in  a  retort 
of  hard  glass,  it  is  decomposed,  lead  oxide  remaining  behind,  while 
a  mixture  of  oxygen  and  nitrogen  tetroxide  is  evolved.  By  sur- 
rounding the  receiver  with  a  very  powerful  freezing  mixture,  the 
latter  is  condensed  in  transparent  crystals,  or  if  the  slightest  trace 
oi  moisture  is  present,  as  a  colourless  liquid,  which  acquires  a 
ZZ  £W-  T1-  ^^^ty  a  red  tint>  as  the  temperature  rises.  At 
J \  Xt  !      '  off  its  well-known  red  vapour,  the  intensity 

ot  the  colour  of  which  is  greatly  augmented  by  elevation  of  tem- 
perature. Its  vapour  is  absorbed  by  strong  nitric  acid,  which 
thereby  acquires  a  yellow  or  red  tint,  passing  into  green,  then  into 
blue,  and  afterwards  disappearing  altogether  on  the  addition  of 
successive  portions  of  water.  The  deep  red  fuming  acid  of  com- 
merce, called  nitrous  acid,  is  simply  nitric  acid  impregnated  with 
nitrogen  tetroxide. 

Nitrogen  tetroxide  is  decomposed  by  water  at  very  low  tem- 
peratiires  in  such  a  manner  as  to  yield  nitric  and  nitrous  acids, 

t  +  H»0  =  HN03  +  HN02;  but  when  added  to  excess  of 
water  at  ordinary  temperatures  it  yields  nitric  acid,  and  the  pro- 
tracts ot  decomposition  of  nitrous  acid,  namely,  nitric  acid  and 
nitrogen  dioxide.  In  like  manner,  when  passed  into  alkaline 
solutions,  it  forms  a  nitrate  and  a  nitrite  of  the  alkali-metal;  but 
qJ-T^o  beT*lso  B«PPosed  to  unite  directly,  under  certain  circum- 
■mbwm,  with  metallic  oxides— lead  oxide,  for  example— forming 
em  te  crystalline  salts,  and  has  hence  been  called  hyponitric  acid; 

and  nitrites   e1^  ^  the86  SdtS  are  comPounds  of  llitrates 

2(PbO.N204)  =  Pb(N03)2  +  Pb(N02), 

Load  hyponitratc.       Lead  nitrate.       Load  nitrite. 
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Nitrogen  appears  to  combine,  under  favourable  circumstances 

when  ammonia  is  passed  over  copper  oxide  heated  to  300  water 
2  fern  d  and  a  soft  brown  powder  produced,  winch,  when  heated 
farther,  evolves  nitrogen,  and  ^  ^ebJhc  ~P^.^ 
effect  is  produced  by  the  contact  of  strong  acids.  _  A  similar  com 
pound  of  chromium  with  nitrogen  appears  to  exist. 

NITROGEN  AND  HYDROGEN  J  AMMONIA,  NH3- 

When  powdered  sal-ammoniac  is  mixed  with  moist  calcium 
hydrate  (slaked  lime),  and. gently  heated 

quantity  of  gaseous  matter  is  disengaged,  which  must  be >  collected 
over  mercury,  or  by  displacement,  advantage  being  taken  of  its 

10lZ°o^^us  obtained  is  colourless;  it  has  a  strong  pun- 
gent odour,  ami  possesses  in  an  eminent  degree  those  properties  to 
winch  the' term1  alkaline  is  applied;  that  is  to  say  it  urns  the 
yellow  colour  of  turmeric  to  brown,  that  of  reddened  htmus  to 
blue,  and  combines  readily  with  acids,  neutralising  them  com- 
pletely ;  by  these  reactions  it  is  easily  distinguished  from  all  other 
todies  possessing  the  same  physical  characters.  Under a  W 
of  6-5  atmospheres  at  15-5°,  ammonia  condenses  to  the  liquid  loirn 
Water  dissolves  about  700  times  its  volume  of  this  gas,  forming  a 
solution  which  hi  a  more  dilute  state  has  long  been  known  under 
the  name  of  liquor  ammonicc;  by  heat  a  great  part  is  again  expelled. 
The  solution  is  decomposed  by  chlorine,  sal-ammoniac  being  lormed, 

and  nitrogen  set  free.  . 

Ammonia  has  a  density  of  0-589;  a  litre  weighs  0-/ 62/1  gnu. 
It  cannot  be  formed  by  the  direct  union  of  its  elements,  although 
it  is  sometimes  produced  under  rather  remarkable  circumstances 

*  A.  concentrated  solution  of  ammonia  has  recently  teen  applied  by  M. 
firre  for  producing  intense  cold  (for  the  manufacture  of  ice.)  Hie  appa 
ratus  nsedfor  this  purpose  consists  of  two  strong  iron  cylinders  connected 
Z  tubes  the  one  cylinder  containing  the  solution  of  ammonia  the  other 
K  emrtyTand  the  whole  apparatus  being  perfectly  air-tight.  The  empty 
cyrKfnow  cooled  with  water,  and  the  other  cylinder  is  y  — d. 
The  ammonia  escapes  from  the  solution,  and  is  condensed  by  its  own 
pressure  in  the  cooled  cylinder.  If  the  source  of  heat  be  now  amoved  the 
|™S  ammonia  is  again  absorbed  by  the  water,  and  the  heat  necessary 
•n  its  ttS nation  Into  vapour  being  taken  from  the  iron .vessel ,  the 
water  surrounding  it  is  converted  into  ice :  by  this  process  the  temperature 
may  be  reduced  to -15  C.  (+  5  F.) 
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by  the  cleoxidation  of  nitric  acid*  The  great  sources  of  ammonia 
are  the  feebly  compounded  azotised  principles  of  the  animal  and 
vegetable  kingdoms,  which,  when  left  to  putrefactive  change,  or 
subjected  to  destructive  distillation,  almost  invariably  give  rise  to 
an  abundant  production  of  this  substance. 

The  analysis  of  ammonia  gas  is  easily  effected.  When  a  portion 
is  confined  in  a  graduated  tube  over  mercury,  and  electric  sparks  are 
passed  through  it  for  a  considerable  time,  the  volume  of  the  eras 
gradually  increases  until  it  becomes  doubled.  On  examination 
the  tube  is  found  to  contain  a  mixture  of  3  measures  of  hydrogen 
gas  and  1  measure  of  nitrogen.  Every  two  volumes  of  the  ammonia, 
therefore,  contained  three  volumes  of  hydrogen  and  one  of  nitrogen' 
the  whole  being  condensed  to  one  half.  The  weight  of  the  two  con- 
stituents is  in  the  proportion  of  3  parts  hydrogen  to  14  parts  nitrogen, 
Ammonia  may  also  be  decomposed  into  its  elements  by  trans- 
mission through  a  red-hot  tube. 

Solution  of  ammonia  is  a  very  valuable  reagent,  and  is  employed 
in  a  great  number  of  chemical  operations,  for  some  of  which  it  is 
necessary  to  have  it  perfectly  pure.  The  best  mode  of  preparation 
is  the  following : — 

Equal  weights  of  sal-ammoniac  (NH4C1),  and  qmcklime  (CaO) 
are  taken ;  the  lime  is  slaked  in  a  covered  basin,  and  the  salt 
reduced  to  powder.  These  are  mixed  and  introduced  into  a 
large  flask  connected  with  a  wash-bottle  and  a  receiver  contain- 
ing water,  m  the  manner  which  will  be  described  in  connection 
with  hydrochloric  acid.f  A  little  water  is  added  to  the  mixture 
just  enough  to  damp  it  and  cause  it  to  aggregate  into  lumps.  On 
cautiously  applying  heat  to  the  flask,  ammonia  is  disengaged  verv 
regularly  and  uniformly,  and  condenses  in  the  water  of  the 
receiver  Calcium  chloride  (CaCl2),  with  excess  of  calcium  hy- 
drate (slaked  lime)  remains  in  the  flask. 
The  decomposition  of  the  salt  is  represented  by  the  equation:— 
2NH4C1  +  CaO  =  2NH3  +  CaCl2  +  H20. 

Solution  of  ammonia  should  be  perfectly  colourless,  leave  no 
resume  on  evaporation,  and  when  supersaturated  by  nitric  acid 
pve  no  cloud  or  mudcliness  with  silver  nitrate.  Its  density 
a£Tn5f7rW1S  ltS  f^?^  that  of  the  most  concentrated  being 
JrZi?  «  f  i  the/alue  m  al]5ali  of  an7  sample  of  liquor  ammonia 
frr,™  X  7  "!{erre£»  n?t  from  a  knowledge  of  its  density,  but 
torn  the  quantity  of  acid  a  given  amount  will  saturate.  The 
g       cxPeriment  ^  oe  found  described  under 

When  solution  of  ammonia  is  mixed  with  acids  of  various  kinds, 
liTo  wrp' „i™  cofnvertin.g  the  nitrogen  of  the  atmosphere  into  ammonia, 
Cnn  !T!„rf  of  chemical  operations,  will  be  noticed  in  connection  with 
vyanogen,  uruler  Organic  Chemistry. 

t  bee  fig.  109,  p.  181.  3 
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salts  are  generated,  which  resemble  in  the  most  complete  manner 
Se  correfpoXg  potassium  and  sodium  compounds:  they  are  best 
discw  KSctionmth  the  latter    The  ammoma  salts  may 

bearded  .^J^^^^^j^^ 
^^ofZ^%T^t^l  NH.  .calledPa— iur* 
Sichnr  tMs  sense  is  a  compound  metal,  chemically  equivalent  to 
potassium,  sodium,  silver,  &c.    Ihus  :— 

.  ■,    t     n    •  io  "NTH  TTOl    =    NH,. CI  Ammonium  chloride. 
A—  =   |H>0        „  nitra^ 

"       sulphate  (NH3)2.H2S04    =  (NHJ2.S04     „  sulphate. 

The  formulae  in  the  second  column  are  exactly  analogous  to 
those  of  the  potassium  salts,  KL1,  KJNU3,  n2&w4. 

Any  amniomacal  salt  can  at  once  be  recognised  by  ^  ™lnj£ 
of  ammonia  which  takes  place  when  it  is  heated  with  slaked  lime, 
or  solution  of  potash  or  soda. 

CARBON. 

Atomic  weight,  12;  symbol  C. 
This  substance  occurs  in  a  state  of  purity  and  crystallised,  in  two 
distinct  and  very  dissimilar  forms-namely,  as  diamond,  and  as 
SaSte  or  plumbago.  It  constitutes  a  large  proportion  of  all 
fSc  structures,  animal  and  vegetable:  when  these  latter  are 
Ced  to  destructive  distillation  in  close  vessels,  a  great  part of 
S  carbon  remains,  obstinately  retaining  some  of  he  hydrogen 
and  oxygen,  and  associated  with  the  earthy  and  alkaline  matter  of 
the  tissue  -iving  rise  to  the  many  varieties  of  charcoal,  coke,  &c. 
TMs  rSS^hen  perfectly  separated  from  foreign  matter,  con- 
stitutes  a  third  variety  of  carbon. 

The  diamond  is  one  of  the  most  renjarkable  substances  known 
Ion-  prized  on  account  of  its  brilliancy  as  an  ornamental  gem,  he 
discovery  of  its  curious  chemical  nature  confers  upon  it  a  ngh 
fearee  of  scientific  interest.    Several  localities  m  India,  the  shnd 
of  Borneo  South  Africa,  and  Brazil,  furnish  this  beautiful  sub- 
stance   It  is  always  distinctly  crystallised,  often  quite  transparent 
and  colourless,  but  now  and  then  having  a  shade  of  yellow,  pink 
orblu The  origin  and  true  geological  position  of  the  diamond 
are  imknown ;  it  is  always  found  embedded  in  gravel  and  tran* 
ported  materials  whose  history  cannot  be  traced     The  crystalline 
W  of  the  diamond  is  that  of  the  regular  octahedron  or  cube,  or 
*nTe  figure  geometrically  connected  with  these.    Many  of  the 
octahedral  crystals  exhibit  a  very  peculiar  appearance  arismg  tn 
Jhe  feces  being  curved  or  rounded,  which  gives  to  the  crystal  an 

^gaSdifffiible  and  unalterable  even  by  a  very  intend 
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heat,  provided  air  be  excluded;  but  when  heated,  thus  protected 
between  the  poles  of  a  strong  galvanic  battery,  it  is  converted  into 
coke  or  graphite ;  heated  to  whiteness  in  a  vessel  of  oxveen  it 
burns  with  facility,  yielding  carbonic  acid  gas.  ' 


Fig.  95. 


The  diamond  is  the  hardest  substance  known :  it  admits  of  beino- 
split  or  cloven  without  difficulty  in  certain  particular  directions0 
but  can  only  be  cut  or  abraded  by  a  second  portion  of  the  same 
material ;  the  powder  rubbed  off  in  this  process  serves  for  polishino- 
the  new  faces,  and  is  also  highly  useful  to  the  lapidary  and  seal- 
engraver  One  very  curious  and  useful  application  of  the  diamond 
is  made  by  the  glazier :  a  fragment  of  this  mineral,  like  a  bit  of 
flint,  or  any  other  hard  substance,  scratches  the  surface  of  the  °lass  • 
&  crystal  of  diamond,  having  the  rounded  octahedral  figure  spoken 
oi,  held  in  one  particular  position  on  the  glass— namely,  with  an 
edge  formed  by  the  meeting  of  two  adjacent  faces  presented  to  the 
surface— and  then  drawn  along  with  gentle  pressure,  causes  a  split 
or  cut,  which  penetrates  to  a  considerable  depth  into  the  glass  and 
cleternunes  its  fracture  with  perfect  certainty. 

Graphite  or  plumbago  appears  to  consist  essentially  of  pure 
carbon,  although  most  specimens  contain  iron,  the  quantity  of 

°m  a  T16  UP  t0  five  Per  cent  Graphite  is  a 
somew  hat  rare  mineral ;  the  finest  and  most  valuable  for  pencils 
was ,  formerly  obtained  from  Borrowdale,  in  Cumberland,  where  a 
flS Trbl^?8? I6™  18  f°-md  traversiDg  the  ancient  slate  beds  of 
tities  of  "?  '  S?  he  mme  18  nr,  Uearly  exhausted.  Large  quan- 
tities of  graphite  are  imported  from  Germany,  the  East  Indies 
and  the  United  States*    Crystals  are  not  JnWon    when they 

HraiEwStv6  ,Whit  "J"  be,directlyc«t  for  pencils  occurring  only  in 
ttSS^StJ'n£t2^xP^»b^  from  the  ^rior  varieties  of 
nica  S „r  ,  f  l>ently  oonsoliclated  for  this  purpose.    The  mecha- 

K£ ffitt^  considerable  difficulties,  which  may  be 
Brodio  anSfih J5  °'  "g  a  °  lemical  pr0CeSa  su?gested  by  Sir  Benjamin 
and  s  berhu  SLJ^tv'  °n'y  t0  C°™n  varieties>  8Uoh  as  Ceylon 
powdered F^S$T  pr°.0eSS  C0Mists  m  Educing  the  coarsely 

fflto  iS&Pr8T°,ufly  "lixed  With  *  °f  its  weight  of  potassiui 
" ■£  hath  n °f  ™"centratei1  sulphuric  acid,  which  is  heated  in  a 
remove  ft  w,  "  f'f.t.on  of  acid  fumes  ceases.  The  acid  is  then 
•lEKSffi V™  th<:  Kraphite  driod-    T1'"'s  PrePared' ™a  substance, 


.  red-heat,  swells  up  to  a  bulky 
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occur  they  have  the  figure  of  a  short  six-sided  prism-a  form 
So no  geometric  relation  to  that  of  the  diamond. 

Shitels  often  formed  artificially  in  certain  metallurgy  oper- 
ations the  brilliant  scales  which  sometimes  separate  from  melted 
SScm  on  Sokg,  caUed  hy  the  workmen  "kish,"  consist  of 

graphite.  -produced  hy  the  imperfect  comhustion  of 

rf^STXuring  matters  from  organic  solutions ;  i ;u .used 
t  tMs  purpose  by  the  sugar-refiners  to  a  ^^^0^ 

ft  is  "aid  to  abs°orb  not  less  than  ninety  times  its ^  volume  wlrfte  of 
hvdro^en  it  takes  up  less  than  twice  its  own  bulk,  the  <*™*™7 
S  apparently  connected  with  the  property  in  the  gas  of  sufier- 
L^eLtiom  This  property  of  absorbing  g^^^j 
decolorising  power,  no  doubt  depends  m  some  way  upon  the  same 
JSESlSi  of  surface  so  ren/arkable  in  the  case  o platmuni  m 
a  mixture  of  oxygen  and  hydrogen.  The  absorbing  po\m  1^, 
mS  consideiA^ 

of  plat  num,  and  subsequently  ignitmgit,  so  as  to  coat  the  charcoal 
3  a  thin  film  of  platinum.    Dr.  Stenhouse,  who  jested .0* 
plan,  finds  that  the  gases  thus  absorbed  undergo  a  kind  ot  oxicl 
ation  within  the  pores  of  the  charcoal. 


Compounds  of  Carbon  and  Oxygen. 

There  are  two  direct  inorganic  compounds  of  carbon  and  oxygen, 
called  Son  monoxide  and  carbon  dioxide;  their  composition 
may  be  thus  stated: 

Carbon.  Oxygen. 
Carbon  monoxide,  CO        .       .       12  16 
Carbon  dioxide,     C02  .       12  U 
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Carbon  Dioxide,  or  Carbonic  Oxide  (commonly  called  Gar 
borne  Acid),  is  always  produced  when  charcoal  burns  in  air  or 
oxygen  gas:  it  is  most  conveniently  obtained,  however  by  de 
composing  a  carbonate  with  one  of  the  stronger  acids  For 
purpose  the  apparatus  for  generating  hydrogen  may  again  be  em 
ployed ;  fragments  of  marble  are  put  into  the  bottle  w°ith  enough 
water  to  cover  the  extremity  of  the  funnel-tube,  and  hydrochloric 
or  nitnc  acid  is  added  by  the  latter,  until  the  gas  is  freely  disen- 
gaged    Chalk-powder  and  dilute  sulphuric  acid  may  be  used 
instead.     The  gas  may  be  collected  over  water,  although  S 
some  loss ;  or  very  conveniently  by  displacement/if  it  be  required 
dry,  as  shown  in  fig.  96.     The  long  dryina-tube  is  filled  wS? 
fragments  of  calcium  chloride,  and  the  hLvy  gas  is  onductJd to 
the  bottom  of  the  vessel  in  which  it  is  to  be  received  the mnnfh 
of  the  latter  being  lightly  closed  *  received,  the  mouth 

Carbon  dioxide  is  a  colourless  gas;  it  has  an  agreeable  pungent 
teste  and  odour,  but  cannot  be  respired  for  a  minute  without  m°sen 

1  96664  grams,  and  100  cubic  inches  weighing  47-26  crainT  °  § 
This  gas  M  very  hurtful  to  animal  life,  even  when  largely  ffluted 
with  air;  it  acts  as  a  narcotic  poison.  Hence  the  danSXS 
from  imperfect  ventilation,  the  use  of  fire-places  and  S^L  of  all 
kmds  unprovided  with  proper  chimneys,  and  the  crowding  together 


Fig.  96. 


f|l»'in-  thTfroce^f  I       ^  dl°v.X1^e  13  co™tantly  disengaged 
™g  but  a  process  of  slow  combustion.    This  gas  is  sonie- 

«»««^?W^?S^S^I!  f°i  conveyin^  gases  or  cold  liquids,  not 
Nerce,  wvervs  r  Sr  ,?''^1?10'  which  uro  now  Nicies  of  com- 
mrfHamp.  and  when  t!,1!C8  are  easUy  be,lt  »>  the  flame  of  a 

asunder.  V'      '  when  ne°essftry,  cut  by  scratching  with  a  file  and  broken 
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times  emitted  in  We  ^^"^^^S 
„d  it  is  constantly  generated  where ^ or  am c 

'Tthted  taper  — o^Xf^enBS&S; 
grdsied  even  to  the  redmot  81  ™;  'a\fe  '  r  a  ertingmBh- 
Etee  times  i«  -  ^T-  Xgen,  which  J,  S» 

SelttSm  the^p— "j  mloS  iinm  carbonate  is 

very  characteristic.  T0lume  o£  carton  dioxide, 

Cold  water  dissolves  about its  own  vu  cor,tact 
whatever  be  the  density  °f  f3OT^/redde„s  linnus  paper, 
(comp.  p.  143)1  the  so Into  '^^^  ejamples  may 
£  SX£SS&*£  driven  boHing  water  absorbs 

1  ? SSSaSng  l*~WbS!  * reSfShl 
carbon  dioxide  have  ta  ^ * ^ '  JvX^d  oxid. 
purpose  a  pressure  of  38  ^  atospheres  ai  u  I  moM 

&  coloiirlessmdlmp^hghtei  thmwate^ana^ 

expansible  than  air;  it  raij  ^dPXn  disulphide,  and 
-bnffM  f  "tionft  does  not 

SETS  ^r  ab^S  ht 

retaining  the  carbon  and  expeUi ng the  ^e^J.     P         ft  . 
liaht  is  essential  to  this  effect,  but  ot  tne  manuei 
produced  we  are  yet  ignorant.  n-llir)0rtant  <rroup  of 

P  The  carbonates  form  a  very  large  and  ^P^J.gYthe 
salts,  some  of  which  occur  in  nature  ^fj^lXn^ 
carbonates  of  calcium  and  magnesium.  Ihey  contain  f 
nf  carbon  dioxide  and  a  metallic  oxide:  calcium  caibonatc  10 
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plants,  and  is  manufactured  on  a  very  laroe  sole  i 
sodinm  sulphate  with  lime  and  coal.  These  carhSt.™  ?'^6 
m  water.    The  other  metallic  rtifKffi 

nitrate  and  sodnvnr  S£5i  S'mSi  ^C^TLlI  S3 

ECS form  01  a  Thite      *5?«S  " n^S;  if 

-1  taSSS^r££*  «■»  ■»«  talent  of 

pound  is  not  brown  in  the  sepati  sta^l^Xueot  X 

or  six  times  as  much  2"     fS'  "1  Xt  ^ 

^osZs^ij^^A^t9e,^-m  %\4™ its 

posed,  yielding  i  mn  t  3  ,     ,    e  salt  1S  entu-ely  deoom- 

The  frSl^S?  ^  USUal  — 

2H5L  +  ^°  +  g6?f°<  =  6CO  +  2K2S04  + 

<*«i«le.  S,1^«nc  Potassium 


3(NH4)2S04  +  FeS04. 

Ammonium  Ferrous 
sulphate.  sulphate. 


sulphate. 


Iiq  uefierl    Tf  „   7  SeVer'u;nS  carbon  dioxide.    It  has  never  been 
roisonot-rnnni;        leSS'     I  ^  liUle  odour,  and  is  extremely 
Jsonous-mu.cn  more  so  than  carbon  dioxide.     Mixed  with 
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Carbon  dioride  contains  ite  o  ™  ™™  01  oSmea.ure  of  carta, 
ing  no  change  oi  bulk  by  itt  c™™™°»'  {  0„geB  and  exploded, 
fee  StTS  £gi3EK:  hen/Aarbon  — 

contains  half  its  \f™%?L°%^chlovme  under  the  influence  of 
Carbon  monoxide  unites ^^J^^  possesSing  acid 
light,  forming  a  pungent  ^ocatm    c     I  C0C1     It  1S 

properties,  called  phosgene ^  <*  £*JJ  monoxide  and  chloxme, 

^^.I^5^<SSng  the  mixture  to  sunshine:  the 
both  perfectly  c  ry,  and  the  vomme  becomes 

ga^s  unxte  qmetly,  the  wl^^      ,     method  of  Feparmg 

3SS  —  S'pasiinr^on  monoxide  through  antimony 
penta'hloride.    It  is  decomposed  by  water. 

Compounds  of  Garhon  and  Hydrogen. 

The  compounds  of  carbon  ^^t^t^Z  S 

^^/^^■J^  Sy^ofXtl  very  few 
domain  of  organic  ^ennstry  ^  tne y  c        ,       i  ^ 

cases,  be  formed  by  the  ^ot  ° *  w^dy  0f  organic  origin, 

arise'fromthe  decomposition  of  ^g^0^  °de8C5be  three  of 
It  will  be  found  ^Y^^f^^^O-  illustrate  the 
oi  —  of  flame. 

Methane,  or  Marsh  Gas;  Light  Carburetted  H^roge^ 

SSt  carWted  hydrogen  and  carbon  dnmde :  the  latter  .3 

artificial  means  ,  .      h       our  0f  alcohol  through  a 

SSS^T^mtf  oilier  substances  which  hardly  admit  of 
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separation;  but  Dumas  has  discovered  a  method  by  which  that 
gas  can  be  produced  perfectly  pure,  and  in  any  quantity. 

A  mixture  is  made  of  40  parts  crystallised  sodium  acetate,  40 
parts  solid  sodium  hydrate,  and  60  parts  quicklime  in  powder. 
This  mixture  is  transferred  to  a  flask  or  retort,  and  strongly  heated; 
the  gas  is  disengaged  in  great  abundance,  and  may  be  collected 
over  water,  while  sodium  carbonate  remains  behind.  The  reaction 
is  represented  by  the  equation — 

NaC2H302  +  NaHO  =  CH4  +  Na2C03 

Sodium  Sodium        Marsh  Sodium 

acetate.  hydrate.         gas.  carbonate. 

The  use  of  the  lime  is  merely  to  prevent  the  sodium  hydrate  from 
fusing  and  attacking  the  glass. 

Methane  is  a  colourless  and  nearly  inodorous  gas,  which  does 
not  affect  vegetable  colours.  It  burns  with  a  yellow  flame,  gene- 
rating carbon  dioxide  and  water.  It  is  not  poisonous,  and  may  be 
respired  to  a  great  extent  without  apparent  injury.  The  density 
of  this  compound  is  about  0-559,  a  litre  weighing  0-71558  grams, 
and  100  cubic  inches  weighing  17-41  grains ;  it  contains  carbon 
and  hydrogen  associated  in  the  proportion  of  12  parts  by  weight 
of  the  former  to  4  of  the  latter. 

When  100  measures  of  this  gas  are  mixed  with  200  of  pure 
oxygen  in  the  eudiometer,  and  the  mixture  exploded  by  the  elec- 
tric spark,  100  measures  of  gas  remain,  which  are  entirely  absorb- 
able by  a  little  solution  of  caustic  potash.  Now,  carbon  dioxide 
contains  its  own  volume  of  oxygen :  hence  one-half  the  oxygen 
added—that  is,  100  measures— must  have  been  consumed  in  unit- 
ing with  the  hydrogen.  Consequently,  the  gas  must  contain  twice 
its  own  measure  of  hydrogen,  and  enough  carbon  to  produce,  when 
completely  burned,  an  equal  quantity  of  carbon  dioxide. 

When  chlorine  is  mixed  with  marsh  gas  over  water,  no  change 
follows,  provided  light  be  excluded.  The  presence  of  light,  how- 
ever, brings  about  decomposition,  hydrochloric  acid,  carbon  di- 
oxide, ftnd  other  products,  being  formed.  It  is  important  to 
remember  that  this  gas  is  not  acted  upon  by  chlorine  in  the  dark. 

Ethenf  or  Olefiant  Gas,  C2H4.— Strong  spirit  of  wine  is 
n. y  d  with  five  or  six  times  its  weight  of  oil  of  vitriol  in  a  glass 
ask  the  tube  of  which  passes  into  a  wash-bottle  containing  caust  ic 
l,\  ,A  "'T"1"1  w™'i-hottle,  partly  filled  with  oil  of  vitriol,  is 
connected  w,th  the  first,  and  furnished  with  a  tube  dipping  into 
hpof  f  ";  Pneumatic  trough.    On  the  first  application  of 

neat  to  the  contents  of  the  flask,  alcohol,  and  afterwards  ether, 
uaKe  their  appearance;  but,  as  the  temperature  rises,  and  the 
'■Mure  [darkens,  the  ether-vapour  diminishes  in  quantity,and  its 
J''"'"  becomes  in  great  part  supplied  by  a  permanent  inflammable 
B«w,  carbon  dioxide  and  sulphurous  oxide  are  also  generated  at  the 
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same  time,  "besides  traces  of  other  products.  The  two  last-men- 
tioned gases  are  absorbed  by  the  alkali  in  the  first  bottle,  and  the 
ether-vapour  by  the  acid  in  the  second,  so  that  the  olefiant  gas  is 
delivered  tolerably  pure.  The  entire  reaction  is  too  complex  to  be 
discussed  at  the  present  moment ;  it  will  be  found  fully  described 
in  another  part  of  the  volume;  but  the  ethene  may  be  regarded 
as  resulting  from  a  simple  dehydration  of  the  alcohol  by  the  oil  of 
vitriol. 

C,H60     =     C2H4     +  H20 

Alcohol.  Ethene.  Water. 

Olefiant  gas  thus  produced  is  colourless,  neutral,  and  but  slightly 
soluble  in  water.  Alcohol,  ether,  oil  of  turpentine  and  even 
olive  oil,  dissolve  it  to  a  considerable  extent.  It  has  a  laint 
odour  of  garlic.  On  the  approach  of  a  kindled  taper  it  takes 
fire,  and  burns  with  a  splendid  white  light,  far  surpassing  m 
brilliancy  that  produced  by  marsh  gas.  This  gas,  when  mixed 
with  oxygen  and  fired,  explodes  with  extreme  violence.  Its  density 
is  0-981 ;  a  litre  weighs  1-25194  grams;  100  cubic  inches  weigh 

30-57  grains.  .  ,  , 

By  the  use  of  the  eudiometer,  as  already  described  it  has  been 
found  that  each  measure  of  ethene  requires  for  complete  combus- 
tion exactly  three  of  oxygen,  and  produces  under  these  circum- 
stances two  measures  of  carbon  dioxide ;  whence  it  is  evident  tliat 
it  contains  twice  its  own  volume  of  hydrogen  combined  with  twice 
as  much  carbon  as  in  methane. 

By  weight,  these  proportions  will  be  24  parts  carbon  and  4  parts 
hydrogen.  ,       ,  , 

Ethene  is  decomposed  by  passing  it  through  a  tube  Heated  to 
bright  redness;  a  deposit  of  charcoal  and  tar  takes  place,  and  tlie 
gas  becomes  converted  into  marsh  gas,  or  even  into  free  hydrogen, 
if  the  temperature  be  very  high.  This  latter  change  is,  of  course, 
attended  by  increase  of  volume. 

Chlorine  acts  upon  ethene  in  a  very  remarkable  manner.  W  Uen 
the  two  bodies  are  mixed,  even  in  the  dark,  they  combine  in  equal 
measures,  and  give  rise  to  a  heavy  oily  liquid,  of  sweetish  taste  ana 
ethereal  odour,  to  which  the  name  of  ethene  chloride,  or  Dutcli 
liquid,  C2H4C12,  is  given.  It  is  from  this  peculiarity  that  the  term 
olefiant  gas  is  derived.  ,  J 

A  pleasing  and  instructive  experiment  may  also  be  made  dj 
mixino- in  a  tall  jar  two  measures  of  chlorine  and  one  of  ethane, 
and  then  quickly  applying  a  light  to  the  mouth  of  the  vessel,  i  nj 
chlorine  and  hydrogen  unite  with  flame,  which  passes  quiekn 
down  the  jar,  while  the  whole  of  the  carbon  is  set  free  m  the  form 
of  a  thick' black  smoke. 

Ethine,  or  Acetylene.  C2H2.— This  hydro-carbon  is  formed  by 
the  direct  union  of  its  elements.    Hydrogen  and  carbon  do  not 
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combine  at  ordinary  temperatures,  or  even  under  the  influence  of 
the  most  intense  heat;  but  when  an  electric  arc  from  a  very 
powerful  voltaic  battery  is  passed  between  carbon  poles  in  a  current 
of  hydrogen,  the  carbon  and  hydrogen  unite  to  form  acetylene. 
Tins  compound  is  carried  forward  by  the  stream  of  hydrogen,  and 
on  passing  the  mixed  gases  into  a  solution  of  cuprous  chloride 
the  acetylene  is  separated  in  the  form  of  a  red  solid  copper  com- 
pound, which,  when  decomposed  by  hydrochloric  acid,  yields  pure 
acetylene. 

Acetylene  is  a  colourless  gas  of  specific  gravity  0-92.  It  burns 
in  the  air  with  a  bright  smoky  flame,  and,  when  mixed  with 
chloride,  detonates  almost  instantly,  even  in  diffused  daylight,  with 
separation  of  carbon. 

Acetylene  is  one  of  the  constituents  of  coal-gas,  and  is  produced 
in  the  imperfect  combustion  of  various  bodies  containing  carbon 
and  hydrogen.  The  modes  of  formation,  reactions,  and  deriva- 
tives of  this  compound  will  be  further  considered  under  Organic 
Chemistry. 

Coal  and  Oil  Gases. — The  manufacture  of  coal  gas  is  a  branch 
of  industry  of  great  interest  and  importance  in  several  points  of  view. 
The  process  is  one  of  great  simplicity  of  principle,  but  requires,  in 
practice,  some  delicacy  in  management  to  yield  a  good  result. 

When  pit-coal  is  subjected  to  destructive  distillation,  a  variety 
of  products  show  themselves— permanent  gases,  steam,  and  volatile 
oils,  besides  a  not  inconsiderable  quantity  of  ammonia  from  the 
nitrogen  always  present  in  the  coal.  These  substances  vary  very 
much  in  their  proportions  with  the  temperature  at  which  the  pro- 
cess is  conducted,  the  permanent  gases  becoming  more  abundant 
with  increased  heat,  but,  at  the  same  time,  losing  much  of  their 
value  lor  the  purposes  of  illumination. 

The  coal  is  distilled  in  cast-iron  retorts,  maintained  at  a  bright- 
red  heat,  and  the  volatilised  product  is  conducted  into  a  long  hori- 
zontal pipe  of  large  dimensions,  always  half  filled  with  liquid,  into 
wnicn  the  extremity  of  each  separate  tube  dips:  this  is  called  the 

yftnuihc  mam.  The  gas  and  its  accompanying  vapours  are  next 
~?e, t0  ^'averse  a  refrigerator— usually  a  series  of  iron  pipes, 
cooie<t  cm  the  outside  by  a  stream  of  water;  here  the  condensation 

l  tne  tar  and  the  ammomacal  liquid  becomes  complete,  and  the 
^Proceeds  onwards  to  another  part  of  the  apparatus,  in  which  it 

,  i'-I'uv.mI  .,1  tne  sulphuretted  hydrogen  and  carbonic  acid  gases 
always  present  in  the  crude  product.    This  was  formerly  effected 

3  laKeclirme,  which  readily  absorbs  the  compounds  in  question, 
"f  use  of  Irme,  however,  has  been  almost,  superseded  by  that  of 
•  i  mure  of  sawdust,  and  iron  oxide.    This  mixture,  after  having 
^employed,  is  exposed  for  some  time  to  the  atmosphere,  and 
'nj-.ii  h     or  use  a  second  time.    The  purifiers  are  large  iron 

esseis,  filled  either  with  slaked  lime  or  with  the  iron  oxide  mix- 
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ture.  The  gas  is  admitted  at  the  bottom  of  the  vessel  and  made 
to  pass  over  a  large  surface  of  the  purifying  agents.  The  last  part 
of  the  operation,  which,  indeed,  is  often  omitted,  consists  m  pass- 
ing the  gas  through  dilute  sulphuric  acid,  in  order  to  remove 
ammonia?  The  quantity  thus  separated  is  very  small,  relatively 
to  the  bulk  of  the  gas,  but,  in  an  extensive  work,  becomes  an  object 

°f  Sl-glTthus  manufactured  and  purified  is  preserved  for  use  in 
immense  cylindrical  receivers,  closed  at  the  top,  suspended  m  tanks 
of  water  by  chains  to  which  counterpoises  are  attached  so  that  the 
gas-holder!  rise  and  sink  in  the  liquid  as  they  become  filled  from  the 
purifiers  or  emptied  by  the  mains.  These  latter  are  made  of  large 
5ifliheter,  to  diminish  as  much  as  possible  the  resistance  expenenced 
by  the  gas  in  passing  through  such  a  length  of  pipe.  The  joints 
of  these  mains  are  still  made  in  so  imperfect  a  manner  that  im- 
mense loss  is  experienced  by  leakage  when  the  pressure  upon  the 
aas  exceeds  that  exerted  by  a  column  of  water  an  inch  m 
height  * 

^Coal-gas  varies  very  much  in  composition  judging  from  its 
variable  density  and  illuminating  powers  and  from  the  analyses 
which  have  been  made.  The  difficulties  of  such  investigations  aie 
very  great,  and  unless  particular  precaution  be  taken  the  results 
are  merely  approximative.  The  purified  gas  is  believed  to  contain 
the  following  substances,  of  which  the  first  is  the  most  abundant, 
and  the  second  the  most  valuable : — 

Methane,  or  Marsh  gas. 
Ethene,  or  Olefiant  gas. 
Ethine,  or  Acetylene. 
Hydrogen. 
Carbon  Monoxide. 
Nitrogen. 

Vapours  of  volatile  liquid  Hydrocarbons.t 
Vapour  of  Carbon  Bisulphide. 

*  It  may  give  some  idea  of  the  extent  of  this  species  of  manufacture,  to 
mention  that  in  the  year  1838,  for  lighting  London  and  the  suburbs  alone 
Sere  were  eighteen  public  gas-workf,  and  £2,800,000  invested  in  pipes  and 
apparXs  The  yearly  revenue  amounted  to  £450,000,  and  the  consump- 
tion of  coal  in  the ^me  period  to  180,000  tons,  1460  millions  of  cubic  feet  of 
«u Tbeincr  made  in  the  year.  There  were  134,300  private  lights  and  30  400 
ftaet  Tan>ps  890  tons  of  coals  were  used  in  the  retorts  in  the  space  of 
twenty /Jr  hours  at  mid-winter,  and  7,120,000  cubic  feet  of  gas  consumed 
in  the  longest  night.—  Ure,  Dictionary  of  Arts  and  Manufactures. 

Suice  ttTa  time,  the  production  of  gas  has  been  enormously  .ncreas ad. 
The  amou.it  of  coal  used  in  London  for°  gas-making  in  tbe  year  ending  June 
km  is  estimated  at  408,000  tons,  which  on  an  average  would  yield  about 
So  mOUrnis  of  cubic  feet  of  gas.  In  the  year  1857  the  mams  in  the 
Son  streets  had  reached  the  extraordinary  length  of  2000  miles 

t  These  bodies  increase  the  illuminating  power,  and  confer  on  the  gas  its 
peculiar  odour. 
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Separated  by  Condensation  and  by  the  Purifiers. 
Tar  and  Volatile  Oils. 

Ammonium  Sulphate,  Chloride,  and  Sulphide. 
Hydrogen  Sulphide. 
Carbon  Dioxide. 

Hydrocyanic  acid,  or  Ammonium  Cyanide. 
Sulphocyanic  acid,  or  Ammonium  Sulphocyanate. 

A  far  better  illuminating  gas  may  be  prepared  from  oil  by 
dropping  it  into  a  red-hot  iron  retort  filled  with  coke  ;  the  liquid 
is  m  great  part  decomposed  and  converted  into  permanent  gas 
which  requires  no  purification,  as  it  is  quite  free  from  the  ammonia- 
cal  and  sulphur  compounds  which  vitiate  gas  from  coal.  Many 
years  ago  this  article  was  prepared  in  London ;  it  was  compressed 
lor  the  use  of  the  consumer,  into  strong  iron  vessels,  to  the  extent 
ot  30  atmospheres ;  these  were  furnished  with  a  screw-valve  of 
peculiar  construction,  and  exchanged  for  others  when  exhausted 
1  he  comparative  high  price  of  the  material,  and  other  circumstances, 
led  to  the  abandomnent  of  the  undertaking.    On  the  Continent 
gas  is  now  extensively  prepared  from  wood. 


Combustion,  and  the  Structure  of  Flame. 

When  any  solid  substance  capable  of  bearing  the  fire  is  heated 
to  a  certain  point,  it  emits  light,  the  character  of  which  depends 
upon  the  temperature.  Thus,  a  bar  of  platinum  or  a  piece  of 
porcelain  raised  to  a  particular  temperature,  becomes  what  is 
called  red-hot,  or  emissive  of  red  light:  at  a  higher  degree  of  heat, 
Mis  light  becomes  whiter  and  more  intense,  and  when  urged  to  the 
utmost  as  m  the  case  of  a  piece  of  lime  placed  in  the  flame  of  the 
oxynydrogen  blow-pipe,  the  Hght  becomes  exceedingly  powerful 
and  acquires  a  tint  of  violet.  Bodies  in  these  states  are  said  to  be 
incandescent  or  ignited. 

mn^'a  lhe  -uT  exPeriment  be  made  on  a  piece  of  charcoal, 
•  e|eCtS™U  he  observed;  but  something  in  addition;  for 
™l!iS  tnePlatumm  and  porcelain,  when  removed  from  the  fire, 
am  PrniM6  mn  5he  b.lo,wT>ipe  flame,  begin  immediately  to  cool, 
ami  emit  less  and  less  hght,  until  they  become  completely  obscure 
UiiliS  fl  maintains  to  a  great  extent  its  high  temperature, 
eit  Pr%  -°^er  bodies,  too,  winch  suffer  no  change  whatever, 
«ner  at  weight  or  substance,  the  charcoal  gradually  wastes  away 
W ^it  disappears.  This  is  what  is  called  combustion,  in  contra- 
il •  >  M  ion  to  mere  ignition  ;  the  charcoal  bums,  and  its  temperature 
of  the  air    J  lt  evolved  in  the  act  of  union  with  the  oxygen 

in  th/'1!,6  lmf  general  sense>  a  b°dy  in  a  state  of  combustion  is  one 
iriir.n    i        ^dergorng  intense,  chemical  action:  any  chemical 
n  Wuatsoever,  if  its  energy  rise  sufficiently  high,  may  produce 
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the  phenomenon  of  combustion,  by  heating  the  body  to  such  an 
extent  that  it  becomes  luminous.  ,  .  tl 

In  all  ordinary  cases  of  combustion,  the  action  kes  between  the 
burnin-  body  and  the  oxygen  of  the  air;  and  since  the  materials 
empWed  Jthe  economical  production  of  heat  and  hght  consist 
oTcarbon  chiefly,  or  that  substance  conjoined  with  a  certain  pro- 
hvdi-oaen  and  oxygen,  all  common  effects  of  this  nature 

lw  thp  lid  of  the  free  oxygen  of  the  au\  1  lie  heat  must  oe  reieneu 
to^t  acTof  chenScal  union,  and  the  hght  to  the  eleyated  tern- 

^jfyThis  principle,  it  is  easy  to  understand  the  means  which  must 
be  adopted  to  increase  the  heat  of  ordinary  fires  to  the  point 
necessary  to  melt  refractory  metals,  and  to  bring  about  certain 
dSSKtB  of  chemical  decomposition.    If  the  rate  of  consump- 
tion of  the  fuel  can  be  increased  by  a  more  ra pid  m  Ruction  of 
ah-  into  the  burning  mass,  the  ^tensity  of  the  heat  wiU  of  necessity 
rise  in  the  same  ratio,  the  quantity  of  heat  evolved  being  fixed  and 
definite  for  the  same  constant  quantity  of  chemical  action,  lnis 
Screased  supply  of  ah  may  be  effected  by  two  distinct  methods, 
h  may  be  forced  into  the  fire  by  bellows  or  blowing-machines, a. 
in  the  common  forge  and  in  the  blast  and  cupola-furnaces  of  the 
hon  worker,  or  it  may  be  drawn  through  the  burning  materials  by 
tiie  help  of  a  tall  clhmney,  the  Replace  being  closed  on  all  sides, 
and  noentrance  of  air  allowed,  save  between  the  bars  of  the  grate 
Such  is  the  kind  of  furnace  generally  employed  by  the  scientific 
chemist  in  assaying  and  hi  the  reduction  of  mf^c°^b(J 
charcoal:  the  principle  will  be  at  once  understood  by  the  aid  ot 
Se  sectional  drawing  (fig.  97),  in  which  a  crucible  is  represented 
arranged  in  the  fire  for  an  operation  of  the  land  mentioned. 

The  "reverberatory"  furnace  (fig.  98)  is  one  very  much  used  in 
the  arts  when  substances  are  to  be  exposed  to  \eat  without 
contact  with  the  fuel.  The  fire-chamber  is  separated  from  the  bed 
or  hearth  of  the  furnace  by  a  low  wall  or  bridge  of  ^nc^  oik,  ana 
the  flame  and  heated  ah  are  reflected  downwards  by  the  arched 
form  of  the  roof.  Any  degree  of  heat  can  be  obtained  m  a  furnace 
of  this  kind— from  the  temperature  of  dull  redness  to  that  ™<l™iea 
to  melt  very  large  quantities  of  cast-iron.  The  fire  is  urged  b>  a 
chhnney  provided  with  a  sliding-plate,  or  damper,  to  regulate  tne 

^Sohds  and  liquids,  as  melted  metal,  possess,  when  mffifiteriM 
heated,  the  faculty  of  emitting  light :  the  same  power  is  exhibited 
by  ga  eons  bodies,  but  the  temperature  required  to  render  * 
Ss  luminous  is  incomparably  higher  than  m  the  cases  alread| 
described  Gas  or  vapour  in  this  condition  constitutes  flame,  be 
aSlemperature  of  which  generally  exceeds  that  ot  the  white 

%?Ug£t\Sd  from  pure  flame  is  often  exceedingly  feeble ; 
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but  the  illuminating  power  may  be  immensely  increased  bv  the 
presence  of  solid  matter.  The  flame  of  hydrogen,  or  of  the  mixed 
gases,  is  scarcely  visible  in  full  daylight ;  in  a  dusty  atmosphere 
however,  it  becomes  much  more  luminous  by  igniting  to  intense 
whiteness  the  floating  particles  with  which  it  conies  in  contact 
The  piece  of  lime  in  the  blow-pipe  flame  cannot  have  a  higher 
temperature  than  that  of  the  flame  itself,  yet  the  light  it  throws 
on  is  infinitely  greater. 

On  the  other  hand,  it  is  possible,  as  recently  pointed  out  by  Dr 
-brankland,  to  produce  very  bright  flames  in  which  no  solid  par- 


Fig.  97. 


Fig.  98. 


produces  K  ■  ? '    Met«^cJ*senic  W  in  a  stream  of  oxygen 

and  STnS^?T*  Whlti  flame'  althou^h  both  the  metal  ^ 
the  tem«  co^U8tion  (arsenious  oxide)  are  gaseous  at 

So3£e  °f  ,the  ^ame-  The  c°^™tion  of  a  mixture  of 
i  ,a»    ™rl>™  bisulphide  also  produces  a  dazzling 

Tir  f  any  seParation  of  solid  matter. 

hi»h temT  m°?  TvniUd  t0  luminosity  in  a  flame  are  a 

fitesim^  gaaesor  v:""",,s"r '  - 

weater  L;  ?i  r  y'   /  ,    elfect  of  lunr1'  temperature  is  seen  in  the 
SuK?tne¥  01  I  '1"  flame  °f  sulphur,  pnosphoru8,and  indeed 
;1S«es)f when  burnt  m  pure  oxygen,  as  compared  with  that 
results  from  their  combustion  in  common  air  ;  in  the  former 
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case  the  whole  of  the  substances  present  take  part  in  the  combus- 
tion, and  generate  heat,  whereas  in  the  latter  the  temperature  is 
lowered  by  the  presence  of  a  large  quantity  of  nitrogen,  which 
contributes  nothing  to  the  effect.  The  relation 
luminosity  of  a  flame  and  the  vapour-densities  of  its .  con stituents 
may  be  seen  from  the  following  table,  m  which  the  vapour-densi- 
ties are  referred  to  that  of  hydrogen  as  unity. 

Melative  Densities  of  Gases  and  Vapours. 

Arsenious  chloride,        .    90 1 


Hydrogen, 
Water,  . 

Hydrochloric  acid, 
Carbon  dioxide, 
Sulphur  dioxide, 


131 

22 

32 


Phosphoric  oxide,  71,  or  142° 
Metallic  arsenic,  .  •  150 
Arsenious  oxide,    .       •  198 


1  comparison  of  these  numbers  shows  that  the  brightest  flames 
are  those  which  contain  the  densest  vapours.    Hydrogen  burning 
in  chlorine  produces  a  vapour  more  than  twice  as  heavy  as  ha 
resulting  from  its  combustion  in  oxygen  and  accor dingly  the  light 
produced  in  the  former  case  is  stronger  than  in  the  latter  carbon 
and  sulphur-  burning  in  oxygen  produce  vapours  of  st ill  gr eater 
density,  namely,  carbon  dioxide  and  sulphur  dioxide,  and  their 
combustion  gives  a  still  brighter  light ;  lastly,  P^8^5'^ 
has  a  very  dense  vapour,  and  likewise  yields  a  product  of  great 
vapom-density,  bums  in'  oxygen  with  a  brilliancy  which  the :  eye 
can  scarcely  endure.     Moreover,  the  luminosity  of  a  flame 
increased  by  condensing  the  surrounding  gaseous  atmosphere,  and 
diminished  by  rarefying  it.    The  flame  of  arsenic  burning  m  oxy- 
gen may  be  rendered  quite  feeble  by  rarefying  the  oxygen;  and 
on  the  contrary,  the  faint  flame  of  an  ordinary  spirit-lamp  becomes 
very  bright  when  placed  under  the  receiver  of  a  condensmg-pump. 
Frankland  has  also  found  that  candles  give  much  less  light  when, 
burning  on  the  top  of  the  Mont  Blanc  than  m  the  valley  below 
although  the  rate  of  combustion  in  the  two  cases  is  nearly  tne 
same    The  effect  of  condensation  in  increasing  the  brightness  oi 
a  flame  is  also  strikingly  seen  in  the  combustion  o  a  mixture  o 
oxygen  and  hydrogen,  which  gives  but  a  feeble  light  when  burnt 
under  the  ordinary  atmospheric  pressure,  as  m  the  oxy-hydiogen 
blow-pipe,  but  a  very  bright  flash  when  exploded  m  the  Caven- 
dish eudiometer  (p.  134),  in  which  the  water-vapour  produced  by 
the  combustion  is  prevented  from  expanding.  _ 

Flames  burning  in  the  air,  and  not  supplied  with  oxygen  horn 
another  source,  are,  as  already  stated,  hollow,  the  chemical  action 
bein^necessarily  confined  to  the  spot  where  the  two  bodies  unite. 
That  of  a  lamp  or  candle,  when  carefully  examined,  is  seen  to 
consist  of  three  separate  portions.  The  dark  central  part, jasuy 
Sered  evident  by  depressing  upon  the  flame  a  piece  of  fine 
wn-P  amze  consists  of  combustible  matter  drawn  up  by  the  capu 
IS?  oT  tiie  wick,  and  volatilised  by  the  heat.    This  is  sur- 
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Fig.  100. 


rounded  by  a  highly  luminous  cone  or  envelope,  which,  in  contact 
with  a  cold  body,  deposits  soot.     On  the  outside,  a 
second  cone  is  to  be  traced,  feeble  in  its  light-giving       Fig.  99. 
power,  but  having  an  exceedingly  high  temperature. 
The  most  probable  explanation  of  these  appearances  A 
is  as  follows :— Carbon  and  hydrogen  are  very  unequal  /M 
in  their  attraction  for  oxygen,  the  latter  greatly  ex-  ((|§J 
ceeding  the  former  in  this  respect :  consequently,  when 
both  are  present,  and  the  supply  of  oxygen  is  limited, 
the  hydrogen  takes  up  the  greater  portion  of  the  oxy- 
gen, to  the  exclusion  of  a  great  part  of  the  carbon. 
Now,  this  happens,  in  the  case  under  consideration, 
at  some  little  distance  within  the  outer  surface  of  the 
flame— namely,  in  the  luminous  portion;  the  little 
oxygen  which  has  penetrated  thus  far  inwards  is 
mostly  consumed  by  the  hydrogen,  and  hydro-carbons 
are  separated,  rich  in  carbon  and  of  great  density  in  the  state  of 
vapour  (naphthalene,  chrysene,  pyrene,  &c).  These  hydro- carbons, 
which  would  form  smoke  if  they  were  cooler,  and  are  deposited 
on  a  cold  body  held  in  the  flame  in  the  form 
of  soot*  become  intensely  ignited  by  the 
burning  hydrogen,  and  evolve  a  light  whose 
whiteness  marks  a  very  elevated  tempera- 
ture.   In  the  exterior  and  scarcely  visible 
cone,  these  hydro-carbons  undergo  combus- 
tion. 

A  jet  of  coal-gas  exhibits  the  same  pheno- 
mena ;  but,  if  the  gas  be  previously  mingled 
with  air,  or  if  air  be  forcibly  mixed  with, 
or  driven  into,  the  flame,  no  such  separation 
oi  carbon  occurs;  the  hydrogen  and  carbon 
burn  together,  forming  vapours  of  much  lower 
density,  and  the  illuminating  power  almost 
disappears. 

,  The  common  mouth  blow-pipe  is  a  little 
instrument  of  great  utility;  it  is  merely  a 
brass  tube  fitted  with  an  ivory  mouth-piece, 
and  terminated  by  a  jet  having  a  smaU  aper- 
ture, by  which  a  current  of  air  is  driven 
across  the  flame  of  a  candle.  The  best  form 
is  perhaps  that  contrived  by  Mr.  Pepys  and 
Jowi.  b  fig.  100.  The  flame  so  JSSedS 
veiy  peculiar. 

scriCw  °f  ,the  d°uble  enveloPe  Just 
'wh  r   i    n       "  P?mted  conea  aru  observed  (fig.  101),  which, 
are         U'T\T  ,s  «ood'  and  the  aperture  smooth  and  round, 
very  well  defined,  the  outer  cone  being  yellowish,  and  the 
Soot  is  not  pure  carbon,  but  a  mixture  of  heavy  hydro-carbons. 
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Fig.  101. 


inner  Hue.  A  double  combustion  is,  in  fact,  going  on,  by  the  blast 
in  the  inside,  and  by  the  external  air.  The  space  between  the 
inner  and  outer  cones  is  filled  with  exceedingly  hot  combustible 
matter,  possessing  strong  reducing  or  deoxidising  powers;  while 
the  highly  heated  air  just  beyond  the  point  of  the  exterior  cone 
oxidises  with  great  facility.  A  small  portion  of  matter,  supported 
on  a  piece  of  charcoal,  or  fixed  in  a  ring  at  the  end  of  a  fine  plati- 
num wire,  can  thus  in  an  instant  be  exposed  to  a  very  high  degree 
of  heat  under  these  contrasted  circumstances,  and  ohseryations 
of  <*reat  value  made  in  a  very  short  time.    The  use  of  the  lnstru- 

ment  requires  an  even  and  uninter- 
rupted blast  of  some  duration,  by 
a  method  easily  acquired  with  a 
little  patience:  it  consists  in  em- 
ploying for  the  purpose  the  muscles 
of  the  cheeks  alone,  respiration 
being  conducted  through  the  nos- 
trils, and  the  mouth  from  time  to 
time  replenished  with  air,  without 
intermission  of  the  blast. 

The  Argand  lamp,  adapted  to  bum 
either  oil  or  spirit,  but  especially 
the  latter,  is  a  very  useful  piece  of 
chemical  apparatus  In  this  lamp  the  wick  is  cylindrical,  the 
flame  being  supplied  with  air  both  inside  and  outside :  the  com- 
bustion is  greatly  aided  by  the  chimney,  which  is  made  of  copper 
when  the  lamp  is  used  as  a  source  of  heat. 

Fig.  102  exhibits,  in  section,  an  excellent  lamp  of  this  kind  lor 
Fig.  102.  Fig.  103. 


burning  alcohol  or  wood-spirit.  It  is  constructed  of  thin  copper, 
and  furnished  with  ground  caps  to  the  wick-holder  and  aperture, 
by  which  the  spirit  is  introduced,  in  order  to  prevent  loss  when 
*  When  in  use,  this  aperture  must  always  be  open,  otherwise  an  accident 
is  sure  to  happen  ;  the  heat  expands  the  air  in  the  lamp,  and  the  spirit  is 
forced  out  in  a  state  of  inflammation. 


Fig.  104. 
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the  lamp  is  not  in  use.  Glass  spirit-lamps  (fig.  103),  fitted  with 
caps  to  prevent  evaporation,  are  very  convenient  for  occasional 
use,  being  always  ready  and  in  order. 

In  London,  and  other  large  towns  where  coal-gas  is  to  be  had 
it  is  constantly  used  with  the  greatest  economy  and  advantage  in 
every  respect  as  a  source  of  heat.    Retorts,  " 
flasks,  capsules,  and  other  vessels,  can  be  thus 
exposed  to  an  easily  regulated  and  invariable 
temperature  for  many  successive  hours.  Small 
platinum  crucibles  may  be  ignited  to  redness 
by  placing  them  over  the  flame  on  a  little 
wire  triangle.    The  arrangement  shown  in 
fig.  104,  consisting  of  a  common  Argand  gas- 
burner  fixed  on  a  heavy  and  low  foot,  and 
connected  with  a  flexible  tube  of  caoutchouc 
or  other  material,  is  very  convenient. 

A  higher  temperature,  and  perfectly  smoke- 
less flame,  is,  however,  obtained  by  burning 
the  gas  previously  mixed  with  air.  Such  a 
flame  is  easily  produced  by  placing  a  cap  of 
wire-gauze  on  the  chimney  of  the  Argand  burner  just  described 
and  setting  fire  to  the  gas  above  the  wire-gauze.    The  flame  does 

SiSS     mxture  bums  above  the  cap with  a  Uue> 

Another  kind  of  burner  for  producing  a  smokeless  flame  hn 
been  contrived  by  Professor  Bunsen,  and 
is  now  very  generally  used  in  chemical 
laboratories.  In  this  burner  (fig.  105) 
the  gas  supplied  by  a  flexible  tube  L 
Passes  through  a  set  of  small  holes  into 

Z.  I  at  a'  m  which  it;  mixes  with 
atmospheric  air  entering  freely  by  a 
number  of  holes  near  the  top  of  the  box. 
ibe  gaseous  mixture  passes  up  the  tube 
o,  and  is  inflamed  at  the  top,  where  it 
turns  with  a  tall,  blue,  smokeless  flame, 
giving  very  little  light,  but  much  heat. 

contSTS  °\m0re  ^Ch  ,tlibeS'  fetter  with  an  air-box 
4^^?el     mmber  °f  h0les>  ^ery  powerful  burner 

ciple  pow7rf,,^  ?'  Wh°  ha8«ralso  constnicted,  on  the  same  prin- 

copper  or  ron  *    Tl,am  • ^  °f  c^siderable  quantities  of 
•  See  tl  Principle  of  burning  a  mixture  of  gas  and 

of  Chemistry/M^  782!  Gas"burners  and  Furnaces  in  Watts's  "  Dictionary 


Fig.  105. 
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air  is  also  applied  in  Hermann's  gas-furnace  for  organic  analyst, 
which  will  be  described  under  Organic  Chemistry. 

The  Mndlin-point,  or  temperature  at  which  combustion  com- 
mences is  ve?y  Afferent  witt  different  substances:  phosphorus 
~metime7tat  fire  in  the  hand; 

tnre  exceeding  that  of  boiling  water ;  charcoal  must  be  heated  to 
S  ri  ,  gaseous  bodies  the  same  fact  is  observed:  hydro- 
genis  iiifkmed0by  a  red-hot  wire;  light  carburetted  hydrogen 
fenu  resTwhTe  heat  to  effect  the  same  thing. 
coo  ed  by  any  means  below  the  temperature  at  which  the  rapid 
S Mi  tie  combustible  gas  occurs it  is  at 
Upon  this  depends  the  principle  of  Sir  H.  Davy's  invaluable 

Mentimfhas  already  been  made  of  the  frequent  disengagement 
of  area!  quantities  of  light  carburetted  hydrogen  gas  in  coal  mines. 
H  fas^  mSed  with  seven  or  eight  times  its  volume  of  atmo- 
Iherfc  ah becomes  highly  explosive,  taking  fire  at  a  light  and 
btni.'vith  a  pale-blue  flame!  and  many  fearful,  accidents  have 
occmTe°d  from  the  ignition  of  large  quantities  of  mixed  gas  and  air 
occupy!^  the  extensive  galleries  and  workings  of  a  mine.    Sir  H 
Xv^indertook  an  investigation  with  a  view  to  discovei ^som 
remedy  for  this  constantly  occurring  calamity:  his  labours  re 
Id  in  some  exceedingly  important  f-covenes  resp ecting 
flame,  which  led  to  the  construction  of  the  lamp  which  bears 
his  name.  ,  1 

When  two  vessels  filled  with  a  gaseous  explo- 
sive mixture  are  connected  by  a  narrow  tube  and 
the  contents  of  one  fired  by  the  electric  spark  or 
otherwise,  the  flame  is  not  communicated  to  the 
other,  provided  the  diameter  of  the  tube  its 
length,  and  the  conducting  power  for  heat  ot  its 
material,  bear  a  certain  proportion  to  each  other; 
the  flame  is  extinguished  by  cooling,  and  its  trans- 
mission rendered  impossible.  _ 

In  this  experiment,  high  conducting  power  and 
diminished  diameter  compensate  lor  diminution 
in  length ;  and  to  such  an  extent  can  this  be  car- 
ried, that  metallic  gauze,  which  may  be  looked 
upon  as  a  series  of  very  short  square  tubes  ar- 
ranged side  by  side,  when  of  sufficient  degree  01 
fineness,  arrests  in  the  most  complete  manner  tne 
passage  of  flame  in  explosive  mixtures  dependin0 
upon  the  inflammability  of  the  gas.    Now  the 
fire-damp  mixture  has  an  exceedingly  high  land- 
ling-point;  a  red  heat  does  not  cause  liiilamma- 
tion ;  consequently,  the  gauze  will  be  safe  ior  tins 
miTwtnnce  when  flame  would  pass  in  almost  any  other  case. 
ThTmi'B  safety-lamp  is  merely  an  ordinary  oil-lamp,  the 


Fig.  106. 
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flame  of  which  is  enclosed  in  a  cage  of  wire-gauze,  made  double 
at  fte  upper  part  containing  about  400  apertures  to  the  square 
inch  The  tube  for  supplying  oil  to  the  reservoir  reaches  nearly 
to  the  bottom  of  the  latter,  while  the  wick  admits  of  bS 
rimmed  by  a  tent  we  passing  with  friction  through  a  small 
tube  m  he  body  of  the  lamp ;  the  flame  can  thus  be  kept  burS 
ior  any  length  of  time,  without  the  necesssity  of  unscrewing 

,Cuf    l^ifV^i  kmp  1Sntak6n  mto  an  plosive  atmosphere 
although  the  fire-damp  may  burn  within  the  cage  with  such  energy 
as  sometimes  to  heat  the  metallic  tissue  to  dull  redness,  the  flame 
is  not  communicated  to  the  mixture  on  the  outside 
These  effects  may  be  conveniently  studied  by  suspending  the 

T?  Po  ffl  ,^ge  §t%  Jf '  Td  gra?UaUy  admittiflg  «*UM  below 
The  oil-flame  is  at  first  elongated,  and  then,  as  the  proportion  of 

gas  increases,  extinguished,  while  the  interior  of  the  gLfcyUnder 
becomes  filled  with  the  burning  mixture  of  gas  and  air?  T  he 
atmosphere  becomes  purer,  the  wick  is  once  more  related 
These  appearances  are  so  remarkable  that  the  lamp  becomes  an  5 
imrable  indicator of  the  state  of  the  air  indifferent  parSofTh iSne * 
The  same  great  prmciple  has  been  ingeniously  applied  iTSr 
Hemming  to  the  construction  of  the  oxy-         1P  7 
hydrogen  safety-jet  before  mentioned.    This  Fig.  107 

is  a  tube  of  brass  about  four  inches  long  filled 
with  straight  pieces  of  fine  brass  wire,  the 
whole  being  tightly  wedged  together  by  a 
pointed  rod  forcibly  driven  into  the  centre 
ot  the  bundle.  The  arrangement  thus  pre- 
sents a  series  of  metallic  tubes,  very  lono-  in 
proportion  to  their  diameter,  the  cooling 
powers  of  which  are  so  great  as  to  prevent 
the  possibility  of  the  passage  of  flame,  even 
nth  oxygen  and  hydrogen.  The  jet  may  be 
20  8  be!°/e  mentioned,  with  a  common 
bladder,  without  the  chance  of  explosion. 

in^p?Jamental  fact  of  flame  being  extin- 
g£jed  by  contact  with  a  cold  body,  may  be 

28T2^frai^ twisting  a  C°P3er  ™e 

and  th        Pm>l1'  about  0-1  inch  m  diameter, 

wax  SSf"^  ?  CM  °Ver  the  flarae  of  » 
wax  candle  ;  the  latter  is  extinguished  If 

SttSS  Le  ?T  heated  t0  Alness  by  a 
«  TbS'tw    6  eXPerimenfc  reP^ted,  no  such  effect  follows. 

«uperintenrtentw[t"ri,°kto1l,i!a,:ll>  fna,lle1^.  to  V^mit  the  viewer  or 
every  part  of  the  •  n  V+  "T  f'  to  examine  the  state  of  the  air  in 
™  atmosphere  Zh1h,?n ,  °,  6  workmc»  to  continue  their  labours 
"^n^^K^SP^^B^™,  which  must  be  unfit  for  human 
coal-mines  shm.iri  t„  V,  ?ne.??a  niay  be  slow  to  appear.  0  wncrs  of 
tu"h  or  to  lo  e  lrl-in°TPr  h  •  *,ither  to  efficient  means  of  ventila- 

ciose  workings  of  tins  dangerous  character  altogether. 

M 


jr-g  CARBON. 

Compound  of  Carbon  and  Nitrogen.  Cyanogen. 

When  a  stream  of  a* ■  i. •T»**™\ ^Z^S*-* 

potassium  carbonate  ^,a*  ap^^  fciS  ■  °omVmd  ^ 
unites  with  the  carbon  ^cUhe  potassnm,^ ?       *        &  of  carbon, 

2KCN    +    H20    +    HgO    =    2KHO  + 

Potassium  Water.         *T  ™™  cyanide. 

Cw^en  dry  rr^«SS  anS\« 

sphts  up,  like  the  oxide,  in  to  metalh — 7,  ^ 
hPody  called  .cyanogen ^  Rnnula  CN.    It  must 
aud  H  of  nitrogen,  and  reP^sentea  uv  d  ^  water. 

becoUectedovermerciiry  as  it  iB  rapidg  aDs  ^  ^ 

Cyanogen  is  a  co  ourless  gas  having  a  P    -     lg.  sed 
peciOiar  odoiir,  remotely  resemhlmg  that  otpeac       &         ^  of 

while  at  the  temperature  of  45  col>wiesS)  transparent 

3-6  atmospheres  it  inc  enses  to^  ^  c^eaut^  Jpie  or 
liquid.  It  is  mflanimabl ^Ce  derating  carbon  dioiide  and 
peach-blossom-coloured  flame,  referred  to  air,  or. 

Wing  nitrogen     Its  sPe^a%Ve  voile  of  it  exploded 
26  referred  to  hydrogen  as  runty.  Unevo 
with  2  vols,  oxygen,  yields  *  ™^m£j^e ^f  cyanogen,  nitro- 

26  cyanogen  -  12  caiton  +  14  nitrogen  „en  ™  and 

wlta'Wes  4  or  5  tnneS  il 1™  °  ^^^eB, 
^r^nlX» r^tSleUer,  and  otne, 

'^fogen  nnites^oagn  not  «g-W^*3?T*SS 

sac  £  ^PTrSa  ssjjfi 
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Atomic  weight,  35-5 ;  symbol,  CI. 
This  substance  is  a  member  of  a  verv  inmorHnt  mt„„, 
containing  also  iodine,  bromine,  and  i™£     So  S I  £££ 
of  resemblance  exists  between  these  bodies  in  all then-  ch  S 
relataons,  especially  between  chlorine,  bromine,  and  iodine  ThS 

££27t£  Z  ^  »  f-  ^e^tio'nt 

exisSombiatio'riiSr  ^mn^  T™*  "f  54 
l?Dgaiese  (Mn02),  contained  m  a  retort  or  flask  (fia  lom  and 

assist  x:^77  yeUw  ^  -  *™ 

It  may  be  collected  over  warm  water,  or  by  displacement  •  tT.* 

watrSe  oCf1'ntIleM0^gen  with  the  h^^Sfe^ 

Mn02   +    4HC1    =    2H20    +    MnC]2    +    CI,  & 

ilJKCZSs  nrod,^Sl°W  gaT1S  h°dy'  0f  ^tolerably 
when  ^^^S^^^St  t  ^flT1 

the  gaa.  When  thH']^  9<1Umilg  ^  C°hm  mi  odour  of 
ehanapfl  i     i  .soIution  is  exposed  to  light  it  is  qlnwlv 

'•onsist.  o  a  defini  o  !I?  '/ ^  ^tals  are  formed,  which 
3'17&ln?^^flepf+C  graVity  °f  2'4^  «  litre  of  it  weighs 

^ss^'^fiasrsas of  about  w  atmosph^ 

'  From  vLbaS    n*  J?8  for  it.  chemical 

rom  xx«„0,,  yell0wl3h-gl.een,  the  name  given  to  ft  by  Sir  H.  Davy. 
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energiea  being  ^J^J^S*^ 
metals.   A  lighted  two  Wff'S  fid  emits  a  large 


Fig.  108. 


f  d^red  li^bt?  id  emit,  a  large 
rStSy S smotrthehydrogeB  of  the  wax 
C  alone  consumed,  and  the  carhop separ- 
ated0 K  a  piece  of  paper  he  wetted Jith oA 
of  turpenti/e,  and  thrust  into  a  bottle >  filled 
VwMnrine   the  chemical  action  ot  tne 
Ttr  iSon  Idle  hydrogen  is  so  violent  as  to 
lau   Xan^atiS  accompanied  by  a  copious 
rCosHf  soot.    Chlorine  may,  by  indirect 
Sn   be  made  to  combine  with  carbon;  but 
Combination  never  occurs  under  the  cir- 

CX?PhoSiSSC£  fire  spontaneously  in 
pospnoiL  ^  feeUy 

S--al  o?  the  metals,  as 
cSrTaf  powdered  antimony,  and  arsenic 
under"  o  combustion  in  the  same  manner.  A 
S  of  equal  measures  of  chlorine  and 
SdrSn  explodes  with  violence  on  the  pas- 
saC  of  an  electric  spark,  or  on  the  apphca- 
?io°n  of  a  lifted  taper,  hydrochloric  acid  gas 

explosion.  -nmnertv  of  chlorine  is  its  bleaching 

'The  most  characteristic  Prolf/£  C  priliciples  are  instantly 
power ;  the  most  stable  o'^  ^ffi  ^ent :  indigo,  for 
decomposed  and  destroyed  by  _this  jmaxKa       0  .g  ^ 

example,  which  resists        action  of  stron    ou  ,  ^ 

verJ  by  chlorine  into  ^^l^^Zl  is  essential  to 
"or  Jht  gidin  a^atH^t  dryness  is  incapable 

cotton  goods,  rags  for  the  "-^Sto  S^Ss  somethneS 

purposel,  it  is  employed,  Bom«  the  s ate  ol  , 

in  that  of  solution  m  water  but  moie  iie^em  y - 

with  lime,  forming  the  substance  called  1     ^  sli„lvtiy 

MaO,  +  SMI  +  SH.SO,  -  2HaO  +  Na,SOl  +  MnSO,  +  CV 
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Chlorine  is  one  of  the  best  and  most  potent  substances  that  can 
be  used  for  the  purpose  of  disinfection,  but  its  employment 
requires  care.  Bleaching-powder  mixed  with  water,  and  exposed 
to  the  air  in  shallow  vessels,  becomes  slowly  decomposed  by  the 
carbonic  acid  of  the  atmosphere,  and  the  chlorine  is  evolved :  if  a 
more  rapid  disengagement  be  wished,  a  little  acid  of  any  kind  may 
be  added.  In  the  absence  of  bleaching-powder,  either  of  the 
methods  for  the  production  of  the  gas  described  may  be  had 
recourse  to,  always  taking  care  to  avoid  an  excess  of  acid. 


Hydrogen  Chloride  ;  Hydrochloric,  Chlorhydric  or 
Muriatic  Acid  (HC1).— This  substance,  in  a  state  of  solution  in 
water  has  been  long  known.  The  gas  is  prepared  with  the  utmost 
ease  by  heating,  m  a  flask  fitted  with  a  cork  and  bent  tube,  a 
mixture  of  common  salt  and  oil  of  vitriol  diluted  with  a  small 
quantity  of  water ;  it  must  be  collected  by  displacement,  or  over 
mercury.  It  is  a  colourless  gas,  which  fumes  strongly  in  the  air 
lrom  condensing  the  atmospheric  moisture;  it  has  an  acid,  suffo- 
cating odour,  but  is  much  less  offensive  than  chlorine.  Exposed 
to  a  pressure  of  40  atmospheres,  it  liquefies. 

Hydrochloric  acid  gas  has  a  density  of  1-269  compared  with  air 
or  18-25  compared  with  hydrogen  as  unity.  It  is  exceedingly 
soluble  in  water,  that  liquid  taking  up  at  the  temperature  of  the 

acid I       418  tbneS  itS  bulk'    The  gaS  and  solutio11  are  powerfully 

The  action  of  sulphuric  acid  on  common  salt,  or  any  analogous 
substance,  is  explained  by  the  equation, 

2NaCl  +  H2S04  =  Na2S04  +  2HC1. 

The  composition  of  hydrochloric  acid  may  be  determined  by 
symtiesis :  when  a  measure  of  chlorine  and  a  measure  of  hydrogen 
are  tired  by  the  electric  spark,  two  measures  of  hydrochloric  acid 
vnlmneS  b  •  combination  being  unattended  by  change  of 
of  llydrocren  ™        *  contains  35-5  parts  of  chlorine  and  1  part 

Solution  of  hydrochloric  acid,  the  liquid  acid  of  commerce, 
ml M17  ™P°?"tailt  Preparation,  and  of  extensive  use  in  chemi- 
£en£-U        lfc  18  bGSt  PrePared  hJ  t]ie  following  arrange- 

fittV^i  flask,  containing  a  quantity  of  common  salt,  is 
note  l  with  a  cork  and  bent  tube,  in  the  manner  represented  in 
into  o  -  i  tlV,e  Passes  through  and  below  a  second  short  tube 
the  <  ,neCve'1  1jottle>  containing  a  little  water,  into  wind. 
,  open  tube  dips.  A  bent  tube  is  adapted  to  another  hole  in 
a  nu-'.V  "'.^ash-bottle,  so  as  to  convey  the  purified  gas  into 
inantity  of  distilled  water,  by  which  it'  is  instantly  absorbed : 
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the  joints  are  made  aix-tight  by  melting  a  Utile  yellow  wax  over 

tkAq?antity  of  sulphuric  acid,  about  equal  in  weight  to  the  salt 
is  tnen  slowly  introduced  by  the  funnel ;  the  disengaged  gas  is  at 
fir  t  whoUy  absorbed  by  the  water  in  the  wash-bottle  but  when 
thS  becomes  saturated,  it  passes  into  the  second  vessel  and  there 
Solves  When  all  the  acid  has  been  added,  heat  may  be  applied 
to  the  flask  by  a  charcoal  chauffer,  until  its  contents  appear  nearly 
iv^d  "he  evolution  of  gas  almost  ceases  when  the  process  may 
Estopped.  As  much  he'at  is  given  out  during  the  condensation 
of  thegas,  it  is  necessary  to  surround  the  condensing  vessel  with 
cold  water. 


Fig.  109. 


The  simple  wash-bottle,  shown  in  the  last  figure  will  be  found 
an  exceeSly  useful  contrivance  in  a  great  number  of  chemical 
derations    It  serves  in  the  present,  and  in  many  similar  ca^s, 
tJretem.  any  Uquid  or  solid  matter  mechanically  carried  over  v> 
L  tTS  it  may  be  always  employed  when  a  gas  of  any  kmd 

tngSn?ssed  through  an  alkaline  or  other  solution    The  open 
S,£Sd5SKS  the  liquid  prevents  the  possibdity  of  absorpt.on 
S  2  a  partial  vacuum  wWdbe  occasioned  and  the  b*md  of 
the  second  vessel  lost  by  being  driven  into  the  first. 
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The  arrangement  by  which  the  acid  is  introduced  also  deserves 
a  moment's  notice.  The  tube  is  bent  twice  upon  itself, 
and  a  bulb  blown  in  one  portion :  the  liquid  poured  into  Kg.  no. 
the  funnel  rises  upon  the  opposite  side  of  the  first  bend 
until  it  reaches  the  second ;  it  then  flows  over  and  runs  into 
the  flask.  Any  quantity  can  then  be  got  into  the  latter 
without  the  introduction  of  ah-,  and  without  the  escape  of 
gas  from  the  interior.  The  funnel  acts  also  as  a  kind  of 
safety-valve,  and  in  both  directions ;  for  if  by  any  chance 
the  delivery  tube  should  be  stopped,  and  the  issue  of  gas 
prevented,  its  increased  elastic  force  soon  drives  the  little 
column  of  liquid  out  of  the  tube,  the  gas  escapes,  and  the 
vessel  is  saved.  On  the  other  hand,  any  absorption 
withm  is  quickly  compensated  by  the  entrance  of  air 
through  the  liquid  in  the  bulb. 

The  plan  employed  on  the  large  scale  by  the  manu- 
facturer is  the  same  in  principle  as  that  described;  he 
merely  substitutes  a  large  iron  cylinder,  or  apparatus 
made  of  lead,  for  the  flask,  and  vessels  of  stoneware  for 
those  of  glass. 

On  distilling  an  aqueous  solution  of  hydrochloric  acid,  an  acid 
is  produced  boiling  at  110°  which  contains  20"22  per  cent,  of 
anhydrous  hydrochloric  acid :  a  more  concentrated  solution  when 
heated  gives  off  hydrochloric  acid  gas;  a  weaker  solution  loses 
water.    Koscoe  and  Dittmar  have  proved  that  the  composition  of 

he  distillate  vanes  with  the  atmospheric  pressure;  it  cannot, 
therefore,  be  viewed  as  a  chemical  compound. 

Pure  solution  of  hydrochloric  acid  is  transparent  and  colourless : 
when  strong  it  fumes  in  the  air  by  evolving  a  little  gas.  It  leaves 
Qo  residue  on  evaporation,  and  gives  no  precipitate  or  opacity  with 
diluted  solution  of  barium  chloride.  When  saturated  with  the 
gas,  it  has  a  specific  .gravity  of  1-21,  and  contains  about  42  per 
cent,  oi  real  acid.    The  commercial  acid,  which  is  obtained  in 

nmense  quantity  as  a  secondary  product  in  the  manufacture  of 
sodiUm  sulphate  by  the  action  of  sulphuric  acid  upon  common 
saw,  has  usually  a  yellow  colour,  and  is  very  impure,  containing 
salts  sunburn-  acid,  chloride  of  iron,  and  organic  matter.    It  may 

hel, T     sufficiently  pure  for  most  purposes  by  diluting  it  to 
Tf£   y  i  ,', '  wh,ch  haPPen«  when  the  strong  acid  is  mixed 
retort  f!  "™im}k  ™  rather  less  of  water,  and  then  distilling  it  in  a 
"tort  furnished  with  a  Liebig>s  condenser. 

un<w'ffh'm  d  r"-T"'  aml  kjdiochloric  acids  has  long  been  known 
Wh,  n  fi  na?ne  aqua  rcVia>  from  ils  property  of  dissolving  gold. 
diwmmV  substances  are  heated  together,  they  both  undergo 
Tht  T, 7'  mtT0&n  tetroxide  and  chlorine  being  evolved, 
certain  V  i  appears  tobe  the  Anal  result  of  the  action:  at  a 
1  stage,  however,  two  peculiar  substances,  consisting  of  nitro- 
'»  oxygen,  and  chlorine  (chloronitric  acid  gas,-  N0C12,  and 
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cliloronitrcms  gas,  NOC1),  appear  to  be  formed.  It  is  only  the 
chlorine  which  attacks  the  metal.  „-ui^^jq 
The  presence  of  hydrochloric  acid,  or  any  other  soluble  chlonde, 
is  eS  detected  bj  solution  of  silver  nitrate  A  white  curdy 
predplte  is  produced,  insoluble  in  nitric  acid,  freely  soluble  m 
ammonia,  and  subject  to  blacken  by  exposure  to  light 

Oxides  and  Oxacids  of  Chlorine. 
There  are  four  oxacids  of  chlorine,  which  may  be  regarded  as 

oxides  of  hydrochloric  acid ;  thus — 

J  Composition  by  weight, 

Formula.  'Hydrogen.  Chlorine.  Oxygen. 

Hydrochloric  acid,    HC1  1       +  85-5 

Hypochlorous  acid,    HCIO  1       +       35  5  +  lb 

Chlorous  acid,     .     HC102  1       +       35  5  +  32 

Chloric  acid,  .    .     HC103  1       +       35  5  +  48 

Perchloric  acid,  .     HC104  1       +       35  5  + 

The  anhydrous  chlorine  oxides  corresponding  to  hypochlorous 
and  chlorous  acids  are  known,  namely — 

Chlorine.  Chlorine.  Oxygen. 

Chlorine  monoxide,  or  Hypo-  |       35-5      +      35  "5      +  16 

chlorous  oxide,  Cl-jO,  .    .  \ 
Chlorine  trioxide,  or  Chlorous  j       35-5      +      35-5      +  48 

oxide,  C1203,  j 

Also  an  oxide  to  which  there  is  no  corresponding  acid,  namely— 

Chlorine.  Oxygen. 
Chlorine  tetroxide,   Cla04      .    .      2  x  35  5       +  64 
The  oxides  corresponding  to  chloric  and  perchloric  acid  have  not 

teeHyp"ous  and  chloric  acids  are  produced  by  the  action  of 
chlorine  on  certain  metallic  oxides  in  presence  ol  water;  hypoj 
ch  orous  and  chlorous  acids  also  by  direct  oxidation  of  tydrochlon| 
acid.  Perchloric  acid  and  chlorine  tetroxide  result  tiom  the 
decomposition  of  chloric  acid. 

Hypochlorous  Oxide,  Acid,  and  Salts.— -The  oxide  is  best 
prepared  by  the  action  of  chlorine  gas  upon  dry ^ercimc  oude. 
This  oxide,  prepared  by  precipitation,  and  dried  by  expo,  ure Ac a 
strong  heat,  is  introduced  into  a  glass  tube  kept  cool,  and  we 
wished  dry  chlorine  gas  is  slowly  passed  over  it  Mercu ^ 
Thlor  de  HgCl,)  and  hypocHorous  oxide  are  thereby  formed ;  he 
uitter  is  collected  by  displacement.  The  reaction  by  which  it  is 
produced  is  represented  by  the  equation, 

2HgO  +  Cl4  =  C1,0  +  HgCl2. 
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The  mercuric  chloride,  however,  does  not  remain  as  such  •  it 
combines  with  another  portion  of  the  oxide  when  the  latter  is  in 
excess,  forming  a  peculiar  brown  compound,  an  oxychloride  of 
mercury  HgCl2.HgO.  It  is  remarkable  that  the  crystalline  mer- 
curic oxide  prepared  by  calcining  the  nitrate,  or  by  the  direct 
oxidation  of  the  metal,  is  scarcely  acted  upon  by  chlorine  under 
the  circumstances  described. 

Hypochlorous  oxide  is  a  pale-yellow  gaseous  body,  containing,  in 
every  two  measures,  two  measures  of  chlorine  and  one  of  oxygen, 
and  is  therefore  analogous  in  constitution  to  water.  It  explodes' 
although  with  no  great  violence,  by  slight  elevation  of  tempera- 
ture. Its  odour  is  peculiar,  and  quite  different  from  that  of 
chlorine.  When  the  flask  or  bottle  in  which  the  gas  is  received 
is  exposed  to  artificial  cold  by  the  aid  of  a  mixture  of  ice  and  salt, 
the  hypochlorous  oxide  condenses  to  a  deep-red  liquid,  slowly 
soluble  in  water,  and  very  subject  to  explosion. 

Hypochlorous  acid  is  produced  by  the  solution  of  hypochlorous 
oxide  in  water :  also  by  passing  air  saturated  with  hydrochloric 
acid  gas  through  a  solution  of  potassium  permanganate  acidulated 
with  hydrochloric  acid  and  heated  in  a  water-bath  :  the  distillate 
is  a  solution  of  hypochlorous  acid,  formed  by  oxidation  of  the 
hydrochloric  acid;  thirdly,  by  decomposing  a  metallic  hypo- 
chlorite with  sulphuric  acid  or  other  oxacid ;  fourthly,  by  passing 
chlorine  gas  into  water  holding  in  suspension  a  solution  contain- 
mg  metallic  oxides,  hydrates,  carbonates,  sidphates,  phosphates, 
«c,  the  most  advantageous  for  the  purpose  being  mercuric  oxide, 
or  calcium  carbonate  (chalk),  CaC03,  the  products  in  this  case 
being  carbon  dioxide,  calcium  chloride,  and  hypochlorous  acid : 

CaC03  +  H20  +  Cl4  =  C02  +  CaCl2  +  2HC10 . 

The  aqueous  solution  of  hypochlorous  acid  has  a  yellowish 
colour,  an  acid  taste,  and  a  characteristic  sweetish  smell.  The 
strong  acid  decomposes  rapidly  even  when  kept  in  ice.  The 
cuiute  acid  is  more  stable,  but  is  decomposed  by  long  boiling 
into  chloric  acid,  water,  chlorine,  and  oxygen.  Hydrochloric  acid 
decomposes  it,  with  formation  of  chlorine : 

HCIO  -f  HC1  =  H20  +  Cl2. 

m«  %^Poweriul  bleaching  and  oxidising  agent,  converting 
many  ot  the  elements— iodine,  selenium,  and  arsenic,  for  example— 

M  >n-  f  ,  oxides'  and  at  tbe  same  time  liberating  chlorine. 
™«w  hypochlorites  may  be  obtained  in  the  pure  state  by 
neutralising  hypochlorous  acid  with  metallic  hydrates,  such  as 
m»i  l  Bodl}Fa>  calcium,  copper,  &c. ;  but  they  arc  usually  pre- 
pwreci  by  passing  chlorine  gas  into  solutions  of  alkalis  or  alkaline 
■  n.onates,  or  over  the  dry  hydrates  of  the  earth  metals.  In  this 
yiocess  a  metallic  chloride  is  formed  at  the  same  time.    With  dry 
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slaked  lime,  for  example,  which  is  a  hydrate  of  calcium,  CaH20,, 
the  products  are  calcium  hypochlorite,  CaCl202,  calcium  chloride, 
and  water : 

2CaH202  +  Cl4  =  CaCl202  +  CaCl2  +  2H20 . 

The  salts  thus  obtained  constitute  the  bleaching  and  disinfecting 
salts  of  commerce.  They  will  be  more  fully  described  under  the 
head  of  Calcium  Salts. 

Chlorous  Oxide,  Acid,  and  Salts.— The  oxide  is  prepared 
by  heating  in  a  flask  filled  to  the  neck,  a  mixture  of  four  parts  ot 
potassium  chlorate  and  3  parts  of  arsenious  acid,  or  oxide,  with  12 
parts  of  nitric  acid  previously  diluted  with  4  parts  ot  water. 
During  the  operation,  which  must  be  performed  m  a  water-bath, 
a  areenish-yellow  gas  is  evolved,  which  is  permanent  in  a  freezing 
mixture  of  ice  and  salt,  but  liquefiable  by  extreme  cold.  It  dis- 
solves freely  in  water  and  in  alkaline  solutions,  forming  chlorous 
acid  and  metallic  chlorites.  The  reaction  by  which  chlorous  oxide 
is  formed  is  somewhat  complicated.  The  arsenious  acid  deprives 
the  nitric  acid  of  part  of  its  oxygen,  reducing  it  to  nitrous  acid, 
which  is  then  reoxidised  at  the  expense  of  the  chloric  acid,  reducing 
it  to  chlorous  oxide : 


2HC103    +    2HNO,    =    2HNO3    +    H20    +  C1203. 

Chloric  Nitrous  Nitric  Chlorous 

acid.  acid.  acid.  oxide. 


Clilorous  Acid  may  be  prepared  by  condensing  chlorous  oxide  m 
water,  or  by  decomposing  a  metallic  chlorite  with  dilute  sulphuric 
or  phosphoric  acid.  Its  concentrated  solution  is  a  greenish-yellow 
liquid  having  strong  bleaching  and  oxidising  properties.  It  does 
not  decompose  carbonates,  but  acts  staongly  with  caustic  alkabes 
and  earths  to  form  chlorites. 

Chlorine  Tetroxide,  C1204.  —  When  potassium  chlorate  is 
made  into  a  paste  with  concentrated  sulphuric  acid,  and  cooled, 
and  this  paste  is  very  cautiously  heated  by  warm  water  in  a  small 
glass  retort,  a  deep  yellow  gas  is  evolved,  which  is  the  body  m 
question ;  it  can  be  collected  only  by  displacement,  since  mercury 
decomposes  and  water  absorbs  it.  _ 

Chlorine  tetroxide  has  a  powerful  odour,  quite  different  from 
that  of  the  preceding  compounds,  and  of  chlorine  itsel£_  It  is 
exceedingly  explosive,  being  resolved  with  violence  into  its  ele- 
ments by  a  temperature  short  of  the  boiling  point  of  water.  Its 
preparation  is,  therefore,  always  attended  with  danger,  and  should 
be  performed  only  on  a  small  scale.  It  is  composed  by  measure  ot 
one  volume  of  chlorine  and  two  volumes  of  oxygen,  condensed  into 
two  volumes.  It  may  be  liquefied  by  cold.  'The  solution  of  the 
gas  in  water  bleaches. 
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The  euchlorim  of  Davy,  prepared  by  gently  heating  potassium 
chlorate  with  dilute  hydrochloric  acid,  is  probably  a  mixture  of 
chlorine  tetroxide  and  free  chlorine. 

The  production  of  chlorine  tetroxide  from  potassium  chlorate 
and  sulphuric  acid  depends  upon  the  spontaneous  splitting  of  the 
chloric  acid  into  chlorine  tetroxide  and  perchloric  acid,  which 
latter  remains  as  a  potassium  salt. 

6KCIO3  +  3H2S04  =  2C1204  +  2HC104  +  3K2S04  +  2H20 . 

Potassium        Hydrogen  Hydrogen  Potassium 

chlorate.  sulphate.  perchlorate.  sulphate. 

When  a  mixture  of  potassium  chlorate  and  sugar  is  touched 
with  a  drop  of  oil  of  vitriol,  it  is  instantly  set  on  fire,  the  chlorine 
tetroxide  disengaged  being  decomposed  by  the  combustible  sub- 
stance with  such  violence  as  to  cause  inflammation.  If  crystals  of 
potassium  chlorate  be  thrown  into  a  glass  of  water,  a  few  small 
fragments  of  phosphorus  added,  and  then  oil  of  vitriol  poured 
down  a  narrow  funnel  reaching  to  the  bottom  of  the  glass,  the 
phosphorus  will  burn  beneath  the  surface  of  the  water,  by  the 
assistance  of  the  oxygen  of  the  chlorine  tetroxide  disengaged. 
The  liquid  at  the  same  time  becomes  yellow,  and  acquires  the 
odour  of  that  gas. 


Chloric  Acid,  HC103. — This  is  the  most  important  compound 
of  the  series.  When  chlorine  is  passed  to  saturation  into  a 
moderately  strong  hot  solution  of  potassium  hydrate  or  car- 
bonate, and  the  liquid  concentrated  by  evaporation,  it  yields, 
on  cooling,  flat  tabular  crystals  of  a  colourless  salt,  consisting 
of  potassium  chlorate.  The  mother-liquor  contains  potassium 
chloride : 

3K20    +    Cl0    =    5KC1    +  KCIO3. 
Potassinm  Potassium  Potassium 

oxide.  chloride.  chlorate. 

From  potassium  chlorate,  chloric  acid  may  be  obtained  by  boil- 
ing the  salt  with  a  solution  of  hydrofluosihcic  acid,  which  forms  an 
almost  insoluble  potassium  salt,  decanting  the  clear  liquid,  and 
digesting  it  with  a  little  silica,  which  removes  the  excess  of 
the  hydroHuosilicic  acid.  Filtration  through  paper  must  be 
avoided.  0  11 

By  cautious  evaporation,  the  acid  may  be  so  far  concentrated  as 
to  assume  a  syrupy  consistence ;  it  is  then  very  easily  decomposed, 
it  sometimes  sets  fire  to  paper,  or  other  dry  organic  matter,  in 
eonsequence  of  the  facility  with  which  it  is  deoxidised  by  com- 
bustile  bodies. 

The  chlorates  are  easily  recognised;  they  give  no  precipitate 
when  in  solution  with  silver  nitrate;  they  evolve  pure  oxygen 
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when  heated,  passing  thereby  into  chlorides;  and  they  afford, 
when  treated  with  sulphuric  acid,  the  characteristic  explosive 
yellow  gas  already  described.  The  dilute  solution  of  the  acid  has 
no  bleaching  power. 

Perchloric  Acid,  HC104.-When  powdered  potassium  chlorate 
is  thrown  by  small  portions  at  a  time  into  hot  nitric  acid,  a  change 
takes  place  of  the  same  description  as  that  which  happens  when 
sulphuric  acid  is  used,  but  with  this  important  difference,  that 
the  chlorine  and  oxygen,  instead  of  being  evolved  m  a  dangerous 
state  of  combination,  are  emitted  m  a  state  of  mixture,  lhe 
result  of  the  reaction  is  a  mixture  of  potassium  nitrate  and  per- 
forate, which  may  be  readily  separated  by  their  difference  oi 

S°  PerSric  acid  is  obtained  by  distilling  potassium  perchlorate 
with  sulphuric  acid.  Pure  perchloric  acid  is  a  colourless  liquid, 
of  1-782  sp.  gr.  at  15-5°,  not  solidifying  at  -35° ;  it  soon  becomes 
coloured,  even  if  kept  in  the  dark,  and  after  a  few  weeks  decom- 
poses with  explosion.  The  vapour  of  perchloric  acid  is  trans- 
parent and  colourless :  in  contact  with  moist  air,  it  produces  dense 
white  fumes.  The  acid,  when  cautiously  mixed  with  a ,  small 
quantity  of  water,  solidifies  to  a  crystalline  mass,  which  is  a 
compound  of  perchloric  acid  with  one  molecule  of  water, 
HC104  +  H20.  When  brought  in  contact  with  carbon,  ether,  or 
other  organic  substances,  perchloric  acid  explodes  with  nearly  as 
much  violence  as  chloride  of  nitrogen. 

Compound  of  Chlorine  and  Nitrogen,  NC13.— When  sal- 
ammoniac  or  ammonia  nitrate  is  dissolved  m  water  and  a  jar  oi 
chlorine  inverted  in  the  solution,  the  gas  is  absorbed,  and  a  deep 
yellow  oily  liquid  is  observed  to  collect  upon  the  surface  oi  tne 
solution,  ultimately  sinking  in  globules  to  the  bottom  1ms 
is  nitrogen  chloride,  the  most  dangerously  explosive  substance 
known.  The  following  is  the  safest  method  of  conducting  the 
experiment: — 

A  somewhat  dilute  and  tepid  solution  of  pure  sal-ammoniac  m 
distilled  water  is  poured  into  a  clean  basin,  and  a  bottle  of  chlorine, 
the  neck  of  which  is  quite  free  from  grease,  inverted  into  it.  A 
shallow  and  heavy  leaden  cup  is  placed  beneath  the  mouth  of  tlie 
bottle  to  collect  the  product.  When  enough  has  been  obtained, 
the  leaden  vessel  may  be  withdrawn  with  its  dangerous  contents, 
the  chloride  remaining  covered  with  a  stratum  of  water.  the 
operator  should  protect  his  face  with  a  strong  wire-gauze  mask 
when  experimenting  upon  this  substance. 

The  change  may  be  explained  by  the  equation — 

NH4C1  +  6C1  =  NC13  +  4HC1. 
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Nitrogen  chloride  is  very  volatile  and  its  vapour  is  exceed- 
ingly irritating  to  the  eyes.  It  has  a  specific  gravity  of  1-653. 
It  may  be  distilled  at  71°,  although  the  experiment  is  attended 
with  great  danger.  Between  93°  and  105°  it  explodes  with  the 
most  fearful  violence.  Contact  with  almost  any  combustible  mat- 
ter, as  oil  or  fat  of  any  kind,  determines  the  explosion  at  common 
temperatures :  a  vessel  of  porcelain,  glass,  or  even  of  cast-iron,  is 
broken  to  pieces,  and  the  leaden  cup  receives  a  deep  indentation. 
This  body  has  usually  been  supposed  to  contain  nitrogen  and 
chlorine  in  the  proportion  of  14  parts  of  the  former  to  106  "5  parts 
of  the  latter,  but  recent  experiments  upon  the  corresponding 
iodine  compound  (p.  193)  induce  a  belief  that  it  contains 
hydrogen.* 

Chlorine  and  Carbon. — Several  compounds  of  chlorine  and 
carbon  are  known,  namely,  C2C12,  C2C14,  C2C16,  and  CC14.  They 
are  obtained  indirectly  by  the  action  of  chlorine  upon  certain 
organic  compounds,  and  will  be  described  under  Organic  Chemistry. 


BROMINE. 

Atomic  weight,  80  ;  symbol,  Br. 

Bromine  t  was  discovered  by  Balard  in  1826.  It  is  found  in  sea- 
water  and  is  a  frequent  constituent  of  saline  springs,  chiefly  as 
magnesium  bromide :  a  celebrated  spring  of  the  kind  exists  near 
Kreuznach,  in  Prussia.  Bromine  may  be  obtained  pure  by  the 
following  process,  which  depends  upon  the  fact  that  ether,  agitated 
with  an  aqueous  solution  of  bromine,  removes  the  greater  part  of 
that  substance. 

The  mother-liquor,  from  which  the  less  soluble  salts  have 
separated  by  crystallisation,  is  exposed  to  a  stream  of  chlorine 
and  then  shaken  up  with  ether ;  the  chlorine  decomposes  the 
magnesium  bromide,  and  the  ether  dissolves  the  bromine  thus  set 
nee.  On  standing,  the  ethereal  solution,  having  a  fine  red  colour, 
SSf^  i  m^  ^e  removed  D7  a  fuimel  or  pipette.  Caustic 
WT*18*  ac-ded  m  excess'  aild  heat  applied;  bromide  and 
romate  oi  potassium  are  formed.    The  solution  is  evaporated  to 

r^  tl'  v  he  sabne  matter>  aftei'  ignition  to  redness  to  decom- 
f&p  TTl6'  ?  heated  in  a  8ma11  retort  with  manganese 
SK  *i  su]I>llunc  acid  diluted  with  a  little  water,  the  neck  of 
we  retort  being  plunged  into  cold  water.    The  bromine  volatilises 

beneath  thTlkJuid  Yapour'  which  C01ldeuses  into  drops 

t  °-f  NC1"  h  may  in  reality  be  NTIC12,  or  NH.Cl . 

I  rrom  /J/xo/io?,  a  noisome  smell ;  a  very  appropriate  term. 
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Bromine  is  at  common  temperatures  a .  red  thin  liquid  of  an 
exceedingly  intense  colour-,  and  very  volatile;  it  freezes  at  about 
-7°  and  boils  at  63°.  The  density  of  the  liquid  is  2-9/6,  and 
that  of  the  vapour  5-54  compared  with  air,  ^d  80  compared jth 
hvdrogen.  The  odour  of  bromine  is  very  suffocating  and  offen- 
sive much  resembling  that  of  iodine,  but  more  disagreeable.  It 
is  sChtly  soluble  in  water,  more  freely  in  alcohol,  and  most 
abundantly  in  ether.    The  aqueous  solution  bleaches. 

Hydrogen  Bromide,  or  Htdrobromic  Acid,  HBr  -This  sub- 
stance bears  the  closest  resemblance  to  hydriodic  acid:  it  has  the 
same  constitution  by  volume,  very  nearly  the  same  properties 
and  may  be  prepared  by  means  exactly  similar,  substituting  the 
one  body  for  the  other  (see  page  192).  The  solution  of  hydro- 
bromic  acid  has  also  the  power  of  dissolving  a  large  quantity  of 
Srine,  thereby  acquiring  a  red  tint.  Hydrobromic  acid  contains 
by  weight  80  parts  bromine  and  1  part  hydrogen. 

Bromic  Acid,  HBr03.-Canstic  alkalies  in  presence  of  broiuine 
undei-o  the  same  change  as  with  chlorine,  a  metallic  bromide  and 
Tomato  being  produced:  these  may  often  be  separated  by  the 
inferior  solubility  of  the  latter  Bromic  acid  obtained  from 
barium  bromate,  closely  resembles  chloric  acid ;  it  is  easily 
decomposed.  _  The  bromates,  when  heated,  lose  oxygen  and 
become  bromides.  , ..  . ,  . 

A  hypobromous  acid  corresponding  to  hypochlorous  acid  is 

likewise  known. 
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Atomic  weight,  127 ;  symbol,  I. 

This  element  was  first  noticed  in  1812  by  M.  Courtois,  of  Paris. 
Minute  traces  are  found  in  combination  with  sodium  or  potassium 
in  sea-water,  and  occasionally  a  much  larger  proportion  in  that  ot 
certain  mineral  springs.    It  seems  to  be  in  some  way  heneficial  to 
inanv  marine  plants,  as  these  latter  have  the  power  of  abstracting 
it  from  the  surrounding  water,  and  accumulatmg  it  in  their  tissues. 
Ib  is  from  this  source  that  all  the  iodine  of  commerce  is  derived. 
It  has  lately  been  found  in  minute  quantity  in  some  aluminous 
elites  of  Sweden,  and  in  several  varieties  of  coal  and  turt. 
k   TOh  or  the  half-vitrified  ashes  of  sea-weeds,  prepared  by  tne 
inhabitants  of  the  Western  Islands  and  the  northern  shores  Ol 
Scotland  and  Ireland,  is  treated  with  water,  and  the  solution 
fiiwprl     The  liquid  is  then  concentrated  by  evaporation  until  it 
is  reduced  to  a  very  small  volume,  the  sodium  chloride,  sodium 
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carbonate,  potassium  chloride,  and  other  salts  being  removed  as 
they  successively  crystallise.  The  dark-brown  mother-liquor  left 
contains  very  nearly  the  whole  of  the  iodine,  as  iodide  of  sodium 
magnesium,  &c. :  this  is  mixed  with  sulphuric  acid  and  manganese 
dioxide,  and  gently  heated  in  a  leaden  retort,  when  the  iodine 
distils  over  and  condenses  in  the  receiver.  The  theory  of  the 
operation  is  exactly  analogous  to  that  of  the  preparation  of  chlorine 
(p.  179);  in  practice,  however,  it  requires  careful  management 
otherwise  the  impurities  present  in  the  solution  interfere  with  the 
general  result : 

Mn02  +  2KI  +  2H2S04  =  2H20  +  K2S04  +  MnS04  +  I2. 

_  The  manganese  is  not  absolutely  necessary :  potassium  or  sodium 
iodide,  heated  with  an  excess  of  sulphuric  acid,  evolves  iodine. 
This  effect  is  due  to  a  secondary  action  between  the  hydriodic 
acid  first  produced  and  the  excess  of  the  sulphuric  acid,  iu  which 
acid  SUffCT  decomPosition'  Tiling  iodine,  water,  and  sulphurous 

Iodine  crystallises  in  plates  or  scales  of  a  bluish-black  colour 
and  imperfect  metallic  lustre,  resembling  that  of  plumbago  •  the 
crystals  are  sometimes  very  large  and  brilliant.  Its  density  is 
4-948  It  melts  at  107°,  and  boils  at  175°,  the  vapour  having  an 
exceedingly  beautiful  violet  colour  *  It  is  slowly  volatile  how- 
ever, at  common  temperatures,  and  exhales  an  odour  much  resem- 
bling that  of  chlorine.  The  density  of  the  vapour  is  8-716 
spared  with  air,  127  compared  with  hydrogen.  Iodine  requires 
for  solution  about  7000  parts  of  water,  which  nevertheless  acquires 
a  brown  colour ;  in  alcohol  it  is  much  more  freely  soluble.  Solu- 
S  of  %driodic  acid  and  the  iodides  of  the  alkali-metals  also 
mssolve  a  large  quantity:  these  solutions  are  not  decomposed  bV 
water,  which  is  the  case  with  the  alcoholic  tincture 

Iodine  stains  the  skin,  but  not  permanently;  it  has  a  very 

meSne.  UP°n  ^  anhnal  8y8tem'  and  is  much  used  ™ 

du?tioen0If^eaIIJ0StrCih^aCteris1tic  PF°Perties  of  iodine  is  the  pro- 
iofi  for  tt-  plendl<i  Wue  C0l0UT  ty^act  with  starch.  The 
looine  tor  this  purpose  must  be  free  or  uncombined     It  is  easv 

to^TfuS1*84  aVaUaUe  fOT  the  P-Po-  of  recogniS  fg 

uspSed  It        i  Clement  m  1UeStion  w£en  a  soM,le  ^dide  & 

SI  jF7*? ^T^J0.  add  a  ve*y  sma11  quantity  of 

Le  corner. f'l     f  "  ? 6 10dme  bfn°  clisPlaced  from  combination, 
becomes  capable  of  acting  upon  the  starch. 

rX?sRfo7LIODIDE'i°r1HY?RIODIC  AciD>  HI. -The  simplest 
Process  for  preparing  hydriodic  acid  gas  is  to  introduce  into  a 

*  Whence  the  name,  from  l£S,,i,  violet-coloured. 
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glass  tube, 


Fig.  111. 


sealed  at  one  extremity,  a  little  iodine,  then  a  small 
quantity  of  roughly-powdered  glass 
moistened  with  water,  upon  this  a 
few  fragments  of  phosphorus,  and 
lastly  more  glass :  this  order  of  iodine, 
glass,  phosphorus,  glass,  is  repeated 
until  the  tube  is  half  or  two-thirds 
filled.    A  cork  and  narrow  bent  tube 
are  then  fitted,  and  gentle  heat  ap- 
plied.   The  gas  is  best  collected  by 
displacement  of  air.     The  experi- 
ment depends  on  the  formation  of  an 
iodide  of  phosphorus  and  its  subse- 
quent   decomposition    by  water, 
whereby    hydrogen    phosphite,  or 
phosphorous  acid,  H3P03,  and  hy- 
drogen iodide  are  produced :  P2  + 
I.  +  6H20  =  6HI  +  2H3PO3.  The 
glass  merely  serves  to  moderate  the 
'  violence  of  the  action  of  the  iodine 
upon  the  phosphorus. 
Hydriodic  acid  gas  greatly  resembles  the  corresponding  chlorine 
compound ;  it  is  colourless,  and  highly  acid ;  it  fumes  ^e  air  and 
is  very  soluble  in  water.  Its  density  is .about  4-4  compared  with  a£ 
64  compared  with  hydrogen.  By  weight,  it  is  composed  rfl27grtj 
iodine  and  1  part  hydrogen ;  and  by  measure  of  equal  volumes  of 
iodine  vapour  and  hydrogen  united  without  condensation. 

Solution  of  hycModic°acid  may  be  prepared  by  a  process .much 
less  troublesome  than  the  above.  Iodine  in  fine  powdei  ^  sus- 
pended in  water,  and  a  stream  of  washed  hydrogen  sulphide  passed 
Lough  the  mixture;  sulphur  is  deposited  and  the  iodine  con- 
verted into  hydriodic  acid.  When  the  liquid  has  become  colour- 
less, it  is  heated,  to  expel  the  excess  of  hydrogen  sulphide,  and 
filtered.  The  solution  cannot  be  kept  long,  especially  if  it  be 
concentrated;  the  oxygen  of  the  air  gradually  decomposes  he 
hydriodic  acid,  and  iodine  is  set  free,  which,  dissolving  in  the 
remainder,  communicates  to  it  a  brown  colour. 

Compounds  of  Iodine  and  Oxygen. 
The  most  important  of  these  are  the  iodic  and  periodic  oxides. 

Composition  by  weight. 


Iodic  oxide, 
Periodic  oxide,  120, 


I205 


^  Iodine.  Oxygen. 

2  X  127  +  80 
2    x    127    +  112 


Both  these  are  acid  oxides,  uniting  with  water  and  metallic 
oxides,  and  forming  salts  called  iodates  and  periodates. 
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Hydrogen  Iodate,  or  Iodic  Acid,  H2O.I206,  or  HIO„  may 
be  prepared  by  the  direct  oxidation  of  iodine  with  nitric  acid  of 
specific  gravity  1-5 ;  5  parts  of  dry  iodine  with  200  parts  of  nitric 
acid  are  kept  at  a  boiling  temperature  for  several  hours  or  until 
the  iodine  has  disappeared.  The  solution  is  then  cautiously  dis 
tilled  to  dryness,  and  the  residue  dissolved  in  water  and  made  to 
crystallise. 

Iodic  acid  is  a  very  soluble  substance;  it  crystallises  in  colour- 
less six-sided  tables.  At  107°  it  is  resolved  into  water  and  iodic 
oxide,  which  forms  tabular  rhombic  crystals,  and  when  heated  to 
the  temperature  of  boiling  olive  oil,  is  completely  resolved  into 
iodine  and  oxygen.  The  solution  of  iodic  acid  is  readily  deoxi- 
dised by 'sulphurous  acid.  The  iodates  much  resemble  the  chlo- 
rates •  that  of  potassium  is  decomposed  by  heat  into  potassium 
iodide  and  oxygen  gas. 

Hydrogen  Periodate,  or  Periodic  Acid,  H,O.L(X,  or  HIO, 
-When  solution  of  sodium  iodate  is  mixed  with  caustic  sodi" 
and  a  current  of  chlorine  passed  through  the  liquid,  two  salts  are 
lormed-namely,  sodium  chloride  and  a  sparingly  soluble  coni- 

5ffi?  N  H°SnPen0JTatn??  lodium  and  ™*ter, 

S  fi  f'^  01  Na2H3IOo>  the  reaction  being  as  repre- 
sented  by  the  equation —  1 

NaI03  +  SNaHO  +  012  =  2NaCl  +  Na2H3I06. 
This  sodium  salt  is  separated,  converted  into  a  silver-salt  and 
S  ofl,fC-ridl  the  solution  yields,  on  evaporation^ 
semrirl I  W°W  fdver  Pen°dat\ ^*ich  the  acid  may  be 

S  trlln7-     !  °f  Watei''  nwhlch  resolves  the  salt  into  free 

acia  and  an  insoluble  basic  periodate 

Jnfllf  adCl Ramses  from  its  aqueous  solution  in  delique- 

JfwfcK1  rblC  ?nSm^  wMch  melt  at  130°>  and  are  ^sofved 
180°  or  it  J  a  whlt\maS8  of  PeriocUc  oxide,  which  at 

oxide  ^      °ff  0Xygen  Wlth  ^  raPidity.  and  leaves  iodic 

The  solution  of  periodic  acid  is  reduced  by  many  or<mniV  <ml, 

Xr M    an  1    le,v  ^  hydFocUoric  acid  it  forms  water,  iodine 

hy  ^%™EZ*5£  Sf periodates  are  l4solved 

iofe^util10^  md  NitT°9en.- When  finely  powdered 
u  n  to  caustic  ammonia,  it  is  in  part  dissolved,  giving 

(iw,    1  -     Bdu1  Lon,  and  he  residue  is  converted  into  a  blacf 

' »'  tydriodic  if ■  i ' I  '  'i T-" "  '"" d °'  NI?-    The  toownliquid  consists 
fr<an  toe  solid      I     T  U"lT  m  sohltion>  ana  *  easily  separated 
tut  solid  product  by  a  filter.    The  latter,  while  still  wet,  is 

n 
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distributed  in  small  quantities  upon  separate  pieces  of  bibulous 
^l^t^^^o^e  powder,  which,  when  dry 
e^odefwiSte  slightest  ^-^f^llt^r 

Stowed  aT  a  ctXntiou  of  nitrogen  tri-iodide  with 
must  be  wwea  however,  that  the  substance 

SSoSn3Se  varieSTompositiou.  Gladstone,  by  chang, 
£g !?he  We  of  preparation,  obtained  several  compounds  of  nitrogen 
trf-iodide  with  ammonia. 

Compounds  of  Iodine  and  ^orine.-loime  ^  directly ^whh 
chlorine  forming  a  monochloride  and  a  trichloride.  1  here  is  also 
ftetockloride  produced  by  spontaneous  decomposition  of  the 

m  Th°eC  — Moride,  101,  is  obtained  by  passing  4T«^5S 
iodine  till  the  whole  is  liquefied,  but  no  longer ;  also  by  cbstdling 
o  ine  with  potassium  chlorate,  oxygen  being  then  evolved the 
monochloride  cbstilling  over,  and  a  mixture  of  chloride,  mdate, 
and  perchlorate  of  potassium  remaining  behind. 

L  +  3KC103  =  02  +  IC1  +  KC1  +  KIO3  +  KC10, 

Iodine  monochloride  is  a  reddish-brown  oily  E^  a 
suffocating  odour  and  astringent  taste ;  soluble  111  alcoho and ^ether 
decomposed  by  water,  with  formation  of  nydrocbloiic  Midwdw 
acXand  separation  of  iodine.  It  sometimes  solidifies  in  yeUo| 
neecUes.  Sulphurous  acid  and  hydrogen  sulphide  decompose  ± 
with  separation  of  iodine;  with  aqueous  solutions  of 
yields  a  chloride  and  an  iodate,  together  with  free  iodine,  thus, 
with  potash — 

5IC1  +  6KH0  =  5KC1  +  KIO3  +  3H20  +  I4- 

The  trichloride,  I013)  is  produced  by  treating  iodine  at  a  gentle 
heat  with  chlorine  in  excess.  It  crystallises  orange-velUm 
nee  llel ;  melts  at  20°  to  25°,  giving  off  chlorine,  which  it  real-  <> 
S  cooling ;  acts  on  most  other  substances  like  the  monochloride 
°  In  contact  with  a  small  quantity  of  water  it  .is  partly  ^res ,.1  | 
into  an  insoluble  yellowish  body  (probably  a,  nnxture  o  the  tn 
Sloride  with  iodic  oxide),  and  a  solution  containing  hydrochlomc 
acid  and  the  monochloride— 

4ICI3  +  5H20  =  10HC1  +  IA  +  aIC1- 
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A  large  quantity  of  water  dissolves  it.  probably  without  decom 
position,  or  perhaps  as  a  mixture  of  hydrochloric  and  iodic  acids 
containing  free  iodine — 

5IC13  +  9HsO  =  15HC1  +  3HI03  +  I* 

The  tetrachloride  IC14  produced  by  spontaneous  decomposition 

FLUORINE. 

Atomic  weight,  19;  symbol,  P. 
This  element  has  never  been  isolated— at  least,  in  a  state  fit  for 
examination;  its  properties  are  consequently  m  great  measiSe 
unknown;  but  from  the  observations  made,  it  is  presumed  to  be 
gaseous,  and  to  possess  colour,  like  chlorine.  T^Tmpounds 
containing  fluorine  can  be  easily  decomposed,  and  the  eWnt 
transferred  from  one  body  to  another;  but  its  intense  cheS 
32? M^r^  f  t0WaKls  smdum'  a  compC0ner 
separate  state.    As  calcium  fluoride,  it  exists  in  small  mnntitip* 

SSo^^Tf '  T h  "  4neS"  SeveiTf  Sfnav 
endeavoitied  to  obtain  it  by  decomposing  silver  fluoride  bv  means 

Hydrogen  Fluoride,  or  Hydrofluoric  Arm  vrt?  m 
carffii Si      retort  of  platmum  or  lead  connected  with  a 

£ £Ssr  its  samr eta1' a  ver^ voktUe  ^ 

auffocaW  ffj     •     I     ■  h  emits  C°P10US  white  and  hi<ddv 

Wev^lmtr/ure111  U^J^  4  ^ 

puritv  W  ,i    ;l     V   1       y  be  obtained  m  a  state  of  perfect 
S  in  n      ? 8  ^gen-potassium  fluoride,  HF  KF  to  red 

19*4°,  liL^S.K  ?  '  extremely  volatile,  boiling  at 
water  £3  fcS^rfr  t?mPeratlu'es>  a™l  absorbing 

«to  ,  PShydr^  -C°ntamS  19imrtS  b^ht  * 
I*2'Stt32^T  S  P**  into  water,  it  unites  with  the 
great  fanlitf  Tu  '  '  •  Se+?ut«80lllti^  attacks  glass  with 
occasions  deep  and  m  W  acid>  droH*'  the  skin, 

^  .„.,„„.  ,  '"  '^i  ulcers,  B0  thai  great  o£»  is  requisite 
and  1        Cy.lrogen.    y  °  acid  contauis  19  parts  fluorine 

*  Gore.    Journal  of  the  Chemical  Society  [2],  vii.  368. 
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In  a  diluted  state,  this  acid  is  occasionally  used  m  the  analysi* 
of  siliceous  minerals'  when  alkali  is  to  be  estimated:  it  is  employed, 
also fetching  on  glass,  for  which  purpose  the  acid  may  be  pre- 
pared in  vessels  of  lead,  that  metal  being  but  sowly  attacked  under 
E  circumstances.    The  vapour  of  the  acid  is  also  very  advan- 
ta'eouX  applied  to  the  same  purpose  in  the  following  manner  :- 
The  S  to  be  engraved  is  coated  with  etching-ground  or  wax, 
and  t£desi°  n  traced  in  the  usual  way  with  a  pointed  instrument. 
T  shallow  basin,  made  by  beating  up  a  piece  of  sheet-lead,  is  then 
prepared  a  little  powdered  fluor-spar  placed  m  it,  and  enough 
?SZric  acid  added  to  form  with  the  latter  a  thin  paste.  The 
Ss  i^  Placed  upon  the  basin,  with  the  waxed  side  downwards, 
S3 g£r ie nSat  Applied  beneath,  which  speedily  disengages  the 
vapour  of  hydrofluoric  acid.    In  a  very  few  minutes  the ,  operation 
Smplete    the  glass  is  then  removed,  and  cleaned  by  a  little 
warm  oil  of  turpentine.    When  the  experiment  is  successful,  the 


STJLPHUB. 

Atomic  weiglit,  32;  symbol,  S. 
This  is  an  elementary  body  of  great  importance  and  interest  It 
is  often  found  in  the  free  state  in  connection  with  deposits  ot 
cLsum  and  rock-salt,  and  in  the  fissures  ot  volcanic  craters 
Sicily  furnishes  a  large  proportion  of  the  sulphur  employed  in 
Europe  In  a  state  of  combination  with  iron  and  other  metals, 
and  as  sulphuric  acid,  united  to  lime  and  magnesia,  it  is  also 

ab^ensulphui-  is  a  pale-yellow  brittle  solid,  of  well-known _  appear- 
ance It  melts  when  heated,  and  distils  over  unaltered,  it  air  be 
excluded  The  crystals  of  sulphur  exhibit  two  distinct  and  incom- 
patible forms-namely,  first,  an  octahedron  with  rhombic  bag 
ffi<?  112),  which  is  the  figure  of  native  sulphur,  and  that  assumed 
when  sulphur  separates  from  solution  at  common  temperatures,  as 
when  a  solution  of  sulphur  in  carbon  bisulphide  is  exposed  to  slow 
evaporation  in  the  air;  and,  secondly,  a  lengthened  prism  having 
no  relation  to  the  preceding :  this  happens  when  a  mass  ot  sulpliui 
is  melted,  and,  after  partial  cooling,  the  crust  on  the  surface i  ffl 
broken,  and  the  fluid  portion  poured  out.  Fig.  113  shows  the 
result  of  such  an  experiment.  . 

The  specific  gravity  of  sulphur  varies  according  to  the  lorm  m 
which  it  is  crystallised.    The  octahedral  variety  has  the  specific 
cavity  2-045  ;  the  prismatic  variety  the  specific  gravity  l™* 
^Sulphur  melts  at  1110  (at  114-5°,  according  to  Brodie  ;  at  thifi 
temperature  it  is  of  the  colour  of  amber,  and  thm  and  fluid  as 
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water ;  when  further  heated,  it  begins  to  thicken,  and  to  acquire 
a  deeper  colour;  and  between  221°  and  249°  it  is  so  tenacious  that 
the  vessel  in  which  it  is  contained  may  be  inverted  for  a  moment 
without  the  loss  of  its  contents.    If  in  this  state  it  be  poured  into 


Fig.  112. 


rig.  113. 


water,  it  retains  for  many  hours  a  remarkably  soft  and  flexible 
condition,  which  may  be  looked  upon  as  the  amorphous  state  of 
sulphur.  After  a  while  it  again  becomes  brittle  and  crystalline 
From  the  temperature  last-mentioned  to  the  boiling-point— about 
400  —sulphur  again  becomes  thin  and  liquid.  In  the  preparation 
at  commercial  flowers  of  sulphur,  the  vapour  is  conducted  into  a 
large  cold  chamber,  where  it  condenses  in  minute  crystals  The 
specific  gravity  of  sulphur  vapour  is  2-22,  referred  to  that  of  air  as 
unity,  or  32  compared  with  that  of  hydrogen  (Deville). 

Sulphur  is  insoluble  in  water  and  alcohol;  oil  of  turpentine 
and  the  fat  oils  dissolve  it,  but  the  best  substance  for  the  purpose 
is  carbon  bisulphide.  In  its  chemical  relations  sulphur  bears  oreat 
resemblance  to  oxygen :  to  very  many  oxides  there  are  correspond- 
ing sulphides,  and  the  sulphides  often  unite  among  themselves, 
iormmg  crystallisable  compounds  analogous  to  oxysalts 

bulphur  is  remarkable  for  the  great  number  of  modifications 
»  bich  it  is  capable  of  assuming.  Of  these,  however,  there  are  two 
principal  well  characterised  varieties,  one  soluble,  and  the  other 
insoluble  in  carbon  bisulphide,  and  many  minor  modifications. 
ehrtrl  ?•  Vane,ty, 13  distinguished  by  Berthelot  by  the  name  of 
euctro-negahve  sulphur,  because  it  is  the  form  which  appears  at 
me  positive  pole  of  the  voltaic  battery  during  the  decomposition 
froT^T60^-  S0iutl0Vf  hydr°Sen  sulphide,  and  is  separated 
Cil  iC°n  matWI13  °f  BulPhur  with  the  electro-positive  metals. 
berL^f?;  •  X  T lety  V  distinguished  as  electro-positive  sulphur, 
the  pW,  V  6  m  -Vhlch  aP?ears  at  the  negative  pole  during 
coniS  f  OI?P°sltlon  of  sulphurous  acid,  and  separates  from 
>„ls  of  sulphur  with  the  electro-negative  elements,  chlorine, 
or°nune,  oxygen,  &c.  ' 

The  principal  modifications  of  soluble  sulphur  are  the  octahedral 
variet  ?at|c. varieties  already  mentioned,  and  an  amorphous 
as  2?  ,  Lt  PreclPitated  as  a  greenish-white  emulsion,  known 

aw*  ol  sulphur,  on  adding  an  acid  to  a  dilute  solution  of  an 
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alkaline  polysulphide,  such,  for  example,  as  is  obtained  by  boiling 
sulphur  with  niAk  of  lime.  This  amorphous  sulphur  change,  1  ,y 
keeping  into  a  mass  of  minute  octahedral  crystals  Sublimed 
sulphiu-  appears  also  to  be  allied  to  this  modification  but  it  always 
contains  £  small  portion  of  one  of  the  insoluble  modifications. 

The  chief  modifications  of  insoluble  sulphur  are  :— 1.  The  amor- 
phous insoluble  variety  obtained  as  a  soft  magma  by  decomposing 
chlorine  bisulphide  with  water,  or  by  adding  dilute  hydrochloric 
acid  to  the  solution  of  a  thiosulphate  (p.  204).  2.  The  plastic 
sulphur  already  mentioned  as  obtained  by  pouring  viscid  melted 
sulphur  into  water.  A  very  similar  variety  is  produced  by  boilmg 
metalbc  sulphides  with  nitric  or  nitro -muriatic  acid. 

When  solutions  of  hydrogen  sulphide  and  ferric  chloride  are 
mixed  together,  a  blue  precipitate  is  sometimes  formed,  wrncU  is 
said  to  be  a  peculiar  modification  of  sulphur. 

Compounds  of  Sulphur  and  Oxygen. 
There  are  two  oxides  of  sulphur  whose  names  and  composition 
are  as  follows :—  Composition  by  weight 


Sulphur  dioxide  or  Sulphurous  oxide,  S02 
Sulphur  trioxide  or  Sulphuric  oxide,  S03 


Sulphur.  Oxygen. 
32     +  32 
32     +  48 


Both  these  oxides  unite  with  water  and  metalbc  oxides,  or 
the  elements  thereof,  producing  salts ;  those  derived  from  sul- 
phurous oxide  are  called  sulphites,  and  those  derived  from  sul- 
phuric acid,  sidphates.  The  composition  of  the  hydrogen  salts  oi 
acids  is  as  follows : — 

^  .  Sulphurous 
Hydrogen.   Sulphur.   Oxygen.     Water.  0xide. 

Hydrogen  Sulphite,     )       2    +    32    +    48    =    18    +  64 

or  Sulphurous  acid.  \ 

1  „  .  Sulphuric 

Water.  oxide. 

Hydrogen  Sulphate  )         2    +    32    +    64    =    18    +  80 
or  Sulphuric  acid,  ) 

The  formulae  of  these  acids  are : — 

Sulphurous  acid,  H„S03  =  H3O.SC>, 
Sulphuric  acid,    H2S04     =  H,O.S03 

The  replacement  of  half  or  the  whole  of  the  hydrogen  by 
mptils  fives  rise  to  metallic  sulphites  and  sidphates. 

Thereare  also  several  acids  of  sulphur,  with  their  corresponding 
metalbc  salts,  to  which  there  are  no  corresponding  anhydrous 

°^tKpo^lmr0US  Acid>  H*S0»  lmving  thG  conll10siti°n  °f 
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sulphurous  acid  minus  one  atom  of  oxygen.  Its  composition  by 
weight  is — 

Hydrogen.         Sulphur.  Oxygen. 
2       +       32       +  32 

2.  Thiosulphuric  Acid,  H2S203,  having  the  composition  of  sul- 
phuric acid  in  which  one-fourth  of  the  oxygen  is  replaced  by 
sulphur.    Its  composition  by  weight  is — 

Hydrogen.         Sulpliur.  Oxygen. 
2       +       64       +  48 

3.  A  series  of  acids  called  Polythionic  Acids*  in  which  the  same 
quantities  of  oxygen  and  hydrogen  are  united  with  quantities  of 
sulphur  in  the  proportion  of  the  numbers  2,  3,  4,  5,  viz. : — 

.         _         ,  ,  Hydrogen.    Sulphur.  Oxygen. 

Dithionic,  or  Hyposul-  „  0  ^ 

plume  acid,  j  H*S2°6  -2     +     64  +  96 

Trithionic  acid,       .       .  H2S306  .2     +     96  +  96 

Tetrathionic  acid,    .       .  H2S406  .2     +    128  +  96 

Pentathionic  acid,   .       .  H2SB06  .2     +    160  +  -96 

Sulphur  Dioxide,  or  Sulphurous  Oxide,  S02.— This  is  the 
only  product  of  the  combustion  of  sulphur  in  dry  air  or  oxygen 
gas.  It  is  most  conveniently  prepared  by  heating  sulphuric  acid 
with  metallic  mercury  or  copper  clippings.  A  portion  of  the  acid 
is  decomposed,  one-third  of  the  oxygen  of  the  sulphuric  oxide 
being  transferred  to  the  metal,  while  the  sulphuric  oxide  is 
reduced  to  sulphurous  oxide  which  escapes  as  gas  : 

2(H2O.S03)    +    Cu    =    CuO.S03    +    2H20    +  SO,. 

Sulphuric  Copper 
acid-  sulphate. 

Another  very  simple  method  of  preparing  sulphurous  oxide 
consists  in  heating  concentrated  sulphuric  acid  with  sulphur;  a 
very  regular  evolution  of  sulphurous  oxide  is  thus  obtained. 

Sulphurous  oxide  is  a  colourless  gas,  having  the  peculiar  suffo- 
cating odour  of  burning  brimstone ;  it  instantly  extinguishes  flame, 
and  is  quite  irrespirable.  Its  density  is  2-21  ;-a  litre  weighs  2-8605 
.grams ;  100  cubic  inches  weigh  68-69  grains.  At  0°  F.  (- 17"8°  C), 
under  the  ordinary  pressure  of  the  atmosphere,  this  gas  condenses 
to  a  colourless,  limpid  liquid,  very  expansible  by  heat.  Cold 
water  dissolves  more  than  thirty  times  its  volume  of  sulphurous 
ancle.  I  he  solution,  which  contains  hydrogen  sulphite  or  sul- 
phurous acid,  may  be  kept  unchanged  so  long  as  air  is  excluded, 
out  access  ot  oxygen  gradually  converts  the  sulphurous  into  sul- 
pnuric  acid,  although  dry  sulphurous  oxide  and  oxygen  gases  may 

*  From  ttoXv,  many,  and  QcZov,  sulpliur.  , 
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remain  in  contact  for  any  length  of  time  without  change.  When 
sulphurous  oxide  and  aqueous  vapour  are  passed  into  a  vessel 
cooled  to  below  17°  or  21°  F.  (-  8"3°  or  -  6°  0),  a  crystalline  body 
forms,  which  contains  about  24-2  sulphurous  oxide  to  75"8  of 

water.  .  ,  . 

One  volume  of  sulphurous  oxide  gas  contains  one  volume  ot 
oxygen  and  half  a  volume  of  sulphur-vapour,  condensed  into  one 

V°SuTpirarous  oxide,  like  other  gases  which  are  freely  soluble  in 
water,  must  be  collected  by  displacement,  or  by  the  use  of  the 
mercurial  pneumatic  trough.  The  manipulation  with  the  latter  is 
exactly  the  same  in  principle  as  with  the  ordinary  water  trough, 
but  rather  more  troublesome,  from  the  great  density  of  the 
mercury,  and  its  opacity.  The  whole  apparatus  is  on  a  much 
smaller  scale.  The  trough  is  best  constructed  of  hard,  sound 
wood,  and  so  contrived  as  to  economise  as  much  as  possible  the 
expensive  liquid  it  is  to  contain. 

Sulphurous  acid  has  bleaching  properties ;  it  is  used  m  the  arts 
for  bleaching  woollen  goods  and  straw-plait.  A  piece  of  blue 
litmus-paper  plunged  into  the  moist  gas  is  first  reddened  and  then 
slowly  bleached. 

The  salts  of  sulphurous  acid  are  not  of  much  importance :  those 
of  the  alkalis  are  soluble  and  crystallisable ;  they  are  easily  formed 
by  direct  combination.  The  sulphites  of  barium,  strontium,  and 
calcium  are  insoluble  in  water,  but  soluble  in  hydrochloric  acid. 
The  stronger  acids  decompose  them;  nitric  acid  converts  them 
into  sulphates. 

Sulphurous  oxide  unites,  under  peculiar  circumstances,  with 
chlorine,  and  also  with  iodine,  forming  compounds,  which  have 
been  called  chloro-  and  iodo-sulphuric  acids.  They  are  decomposed 
by  water.  It  also  combines  with  dry  ammoniacal  gas,  giving  rise 
to  a  remarkable  compound ;  and  with  nitric  oxide  also,  in  pre- 
sence of  an  alkali. 

Sulphur  Trioxide  or  Sulphuric  Oxide,  S03,  (also  called 
Anhydrous  Sulphuric  acid,  or  Sulphuric  anhydride). — This  com- 
pound may  be  formed  directly  by  passing  a  dry  mixture  of  sul- 
phurous oxide  and  oxygen  gases  over  heated  spongy  platinum ;  or 
it  may  be  obtained  by  distilling  the  most  concentrated  sulphuric 
acid  with  phosphoric  oxide,  which  then  abstracts  the  water  aud 
sets  the  sulphuric  oxide  free.  It  is  usually  prepared,  however, 
from  the  fuming  oil  of  vitriol  of  Nordhausen,  which  may  be 
regarded  as  a  solution  of  sulphuric  oxide  in  sulphuric  acid.  On 
o-ently  heating  this  liquid  in  a  retort  connected  with  a  receiver 
cooled  by  a  freezing  mixture,  the  sulphuric  oxide  distils  over  in 
great  abundance,  and  condenses  into  beautiful  white  silky  crystals, 
resembling  those  of  asbestos.  When  thrown  into  water,  it  hisseij 
like  a  red-hot  iron,  from  the  violence  with  which  combination 
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occurs:  the  product  is  sulphuric  acid.  When  exposed  to  the  air, 
even  for  a  few  moments,  it  liquefies  by  absorption  of  moisture. 
It  unites  with  ammoniacal  gas,  forming  a  salt  called  ammonium 
sulphamate,  the  nature  of  which  will  be  explained  further  on. 

Sulphuric  Acid,  H2S04. — This  acid  has  been  known  since 
the  fifteenth  century.  There  are  two  distinct  processes  by  which 
it  is  at  present  prepared,  namely,  by  the  distillation  of  ferrous 
sulphate  (copperas  or  green  vitriol),  and  by  the  oxidation  of 
sulphurous  acid  with  nitrous  and  hyponitric  acids. 

The  first  process  is  still  carried  on  in  some  parts  of  Germany, 
especially  in  the  neighbourhood  of  Nordhausen  in  Prussia,  and  in 
Bohemia.  The  ferrous  sulphate,  derived  from  the  oxidation  of 
iron  pyrites,  is  deprived  by  heat  of  the  greater  part  of  its  water  of 
crystallisation,  and  subjected  to  a  high  red  heat  in  earthen  retorts, 
to  which  receivers  are  fitted  as  soon  as  the  acid  begins  to  distil 
over.  A  part  gets  decomposed  by  the  very  high  temperature ; 
the  remainder  is  driven  off  in  vapour,  which  is  condensed  by  the 
cold  vessel,  containing  a  very  small  quantity  of  water  or  common 
sulphuric  acid.  The  product  is  a  brown  oily  liquid,  of  about  1  -9 
specific  gravity,  fuming  in  the  air,  and  very  corrosive.  It  is 
chiefly  made  for  the  purpose  of  dissolving  indigo. 

The  second  method,  which  is,  perhaps,  with  the  single  exception 
mentioned,  always  followed  as  the  more  economical,  depends  upon 
the  fact  that,  when  sulphurous  oxide,  nitrogen  tetroxide,  and  water 
are  present  together  in  certain  proportions,  the  sulphurous  oxide 
becomes  oxidised  at  the  expense  of  the  nitrogen  tetroxide,  which, 
by  the  loss  of  one-half  of  its  oxygen,  sinks  to  the  condition  of 
nitrogen  dioxide.  The  operation  is  thus  conducted : — A  large  and 
very  long  chamber  is  built  of  sheet-lead  supported  by  timber 
framing ;  on  the  outside,  at  one  extremity,  a  small  furnace  or  oven 
is  constructed,  having  a  wide  tube  leading  into  the  chamber.  In 
this,  sulphur  is  kept  burning,  the  flame  of  which  heats  a  crucible 
containing  a  mixture  of  nitre  and  oil  of  vitriol.  A  shallow  stratum 
of  water  occupies  the  floor  of  the  chamber,  and  a  jet  of  steam  is 
u  }ntrocmce(U  Lastly,  an  exit  is  provided  at  the  remote  end  of 
the  chamber  for  the  spent  and  useless  gases.  The  effect  of  these 
arrangements  is  to  cause  a  constant  supply  of  sulphurous  oxide, 
atmospheric  air,  nitric  acid  vapour,  and  water  in  the  state  of  steam, 
to  be  thrown  into  the  chamber,  there  to  mix  and  react  upon  each 
ttv,1"'  i  e  nitric  acic^  immediately  gives  up  a  part  of  its  oxygen 
to  the  sulphurous  oxide,  and  is  itself  reduced  to  nitrogen  tetroxide, 
°l  does  not  remain  in  this  state,  however,  but 

raters  further  deoxidation  until  it  becomes  reduced  to  nitrogen 
"wxKle,  N202  or  NO.  That  substance,  in  contact  with  free 
oxvgen  absorbs  a  portion  of  the  latter,  and  once  more  becomes 
tetroxide,  which  is  again  destined  to  undergo  deoxidation  by  a 
'"'■  h  quantity  of  sulphurous  oxide.    A  very  small  portion  of 
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nitrogen  tetroxide,  mixed  with  atmospheric  air  and  sulphurous 
oxide,  may  thus  in  time  convert  an  indefinite  amount  of  the  latter 
into  sulphuric  acid,  hy  acting  as  a  kind  of  carrier  "between  the 
oxygen  of  the  air  and  the  sulphurous  oxide.  The  presence  of 
water  is  essential  to  this  reaction,  which  may  he  represented  hy 
the  equation, 

N02  +  S02  +  H20  =  NO  +  H2S04. 

Such  is  the  simplest  view  that  can  he  taken  of  the  production 
of  sulphuric  acid  in  the  leaden  chamber ;  hut  it  is  too  much  to 
affirm  that  it  is  strictly  true ;  the  reaction  may  he  more  complex. 
When  a  little  water  is  put  at  the  bottom  of  a  large  glass  globe, 
so  as  to  maintain  a  certain  degree  of  humidity  in  the  air  within, 
and  sulphurous  oxide  and  nitrogen  tetroxide  are  introduced  by 
separate  tubes,  symptoms  of  chemical  action  become  immediately 
evident,  and  after  a  little  time  a  white  crystalline  matter  is 
observed  to  condense  on  the  sides  of  the  vessel.  This  substance 
appears  to  be  a  compound  of  sulphuric  acid,  nitrous  acid,  and  a 
little  water*  "When  thrown  into  water,  it  is  resolved  into  sul- 
phuric acid,  nitrogen  dioxide,  and  nitric  acid.  This  curious  body 
is  certainly  very  often  produced  in  large  quantity  in  the  leaden 
chambers ;  but  that  its  production  is  indispensable  to  the  success 
of  the  process,  and  constant  when  the  operation  goes  on  well  and 
the  nitrogen  tetroxide  is  not  in  excess,  may  perhaps  admit  of  doubt 

The  water  at  the  bottom  of  the  chamber  thus  becomes  loaded 
with  sulphuric  acid :  when  a  certain  degree  of  strength  has  been 
reached,  the  acid  is  drawn  off  and  concentrated  by  evaporation, 
first  in  leaden  pans,  and  afterwards  in  stills  of  platinum,  until  it 
attains  a  density  (when  cold)  of  1*84,  or  thereabouts;  it  is  then 
transferred  to  carboys,  or  large  glass  bottles  fitted  in  baskets,  for 
sale.  In  Great  Britain  this  manufacture  is  one  of  great  national 
importance,  and  is  carried  on  to  a  vast  extent. 

*  Gaultier  de  Claubry  assigned  to  this  curious  substance  tlie  composition 
expressed  by  the  formula  2(N„03.2H202).5S03,  and  this  view  has  generally 
been  received  by  recent  chemical  writers.  De  la  Provostaye  has  since 
shown  that  a  compound  possessing  all  the  essential  properties  of  the  body 
in  question  may  be  formed  by  bringing  together,  in  a  sealed  glass  tube, 
liquid  sulphurous  oxide  and  liquid  nitrogen  tetroxide,  both  free  from  water. 
The  white  crystalline  solid  soon  begins  to  form,  and  at  the  expiration  of 
twenty-six  hours  the  reaction  appears  complete.  The  new  product  is 
accompanied  by  an  exceedingly  volatile  greenish  liquid  having  the  charac- 
ters of  nitrous  acid.  The  white  substance,  on  analysis,  was  found  to  con- 
tain the  elements  of  two  molecules  of  sulphuric  oxide  and  one  of  nitrous 
oxide,  or  Na03.2S03.  M.  de  la  Provostaye  very  ingeniously  explains  the 
anomalies  in  the  different  analyses  of  the  leaden-chamber  product,  by  show- 
ing that  the  pure  substance  forms  crystallisable  combinations  with  different 
proportions  of  sulphuric  acid.  (Ann.  Chim.  Phys.  lxxiii.  362.)  See  also 
Weber  (Jahresbericht  fur  Chemie,  1863,  p.  738 ;  1865,  p.  93 ;  Bull.  Soc. 
Chim.  de  Paris,  1867,  i.  15). 
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Sulphuric  acid  is  now  more  frequently  made  by  bimiing  iron 
pyrites,  or  poor  copper  ore,  or  zinc-blende,  instead  of  Sicilian 
sulphur:  as  thus  prepared  it  very  frequently  contains  arsenic, 
from  which  it  may  be  freed,  however,  by  heating  it  with  a  small 
quantity  of  sodium  chloride,  or  by  passing  through  the  heated 
acid  a  current  of  hydrochloric  acid  gas,  whereby  the  arsenic  is 
volatilised  as  trichloride. 

The  most  concentrated  sulphuric  acid,  or  oil  of  vitriol,  as  it  is 
often  called,  is  a  definite  combination  of  40  parts  sulphuric  oxide 
and  9  parts  water,  and  is  represented  by  the  fornmla,  H2O.S03  or 
H2S04.  It  is  a  colourless  oily  liquid,  having  a  specific  gravity 
of  about  1"85,  of  intensely  acid  taste  and  reaction.  Organic 
matter  is  rapidly  charred  and  destroyed  by  it.  At  the  tem- 
perature of  -  26°  C.  (-  15°  F.)  it  freezes;  at  327°  C.  (620°  F.)  it 
boils,  and  may  be  distilled  without  decomposition.  Oil  of  vitriol 
has  a  most  energetic  attraction  for  water ;  it  withdraws  aqueous 
vapour  from  the  air,  and  when  it  is  diluted  with  water,  great  heat 
is  evolved,  so  that  the  mixture  always  requires  to  be  made  with 
caution.  Oil  of  vitriol  is  not  the  only  hydrate  of  sulphuric  oxide ; 
three  others  are  known  to  exist.  When  the  fuming  oil  of  vitriol 
of  Nordhausen  is  exposed  to  a  low  temperature,  a  white  crystalline 
substance  separates,  which  is  a  hydrate  containing  half  as  much 
water  as  the  common  liquid  acid.  Further,  a  mixture  of  98 
parts  of  strong  liquid  acid  and  18  parts  of  water,  2H2O.S03  or 
H2S04.H20,  congeals  or  crystallises  at  a  temperature  above  0  C, 
and  remains  solid  even  at  7-2°  C.  (45°  F.)  Lastly,  when  a  very- 
dilute  acid  is  concentrated  by  evaporation  in  a  vacuum  over  a 
surface  of  oil  of  vitriol,  the  evaporation  stops  when  the  sulphuric 
oxide  and  water  bear  to  each  other  the  proportion  of  80  to  54, 
answering  to  the  formula,  3H2O.S03  or  H2S04.2H20. 

When  the  vapour  of  sulphuric  acid  is  passed  over  red-hot 
platinum,  it  is  decomposed  into  oxygen  and  sulphurous  acid.  St. 
Claire  Deville  and  Debray  have  recommended  this  process  for  the 
preparation  of  oxygen  on  the  large  scale,  the  sulphurous  acid  being 
easi  ly  separated  by  its  solubility  in  water  or  alkaline  solutions. 

Sulphuric  acid  acts  readily  on  metallic  oxides ;  converting  them 
into  sulphates.  It  also  decomposes  carbonates  with  the  greatest 
ease,  expelling  carbon  dioxide  with  effervescence.  With  the  aid 
oi  heat  it  Hkewise  decomposes  all  other  salts  containing  acids  more 
volatile  than  itself.  The  sulphates  are  a  very  important  class  of 
salts,  many  of  them  being  extensively  used  in  the  arts.  Most 
sulphates  are  soluble  in  water,  but  they  are  all  insoluble  in  alcohol. 
The  barium,  calcium,  strontium,  and  lead  salts  are  insoluble,  or 
Tery  slightly  soluble,  in  water:  and  are  formed  by  precipitating 
a  soluble  salt  of  either  of  those  metals  with  sulphuric  acid,  or  a 
soluble  metallic,  sulphate.  Barium  sulphate  is  quite  insoluble  in 
water:  consequently  sulphuric  acid,  or  its  soluble  sails,  may  be 
detected  with  the  greatest  ease  by  solution  of  barium  nitrate  or 
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chloride :  a  white  precipitate  is  thereby  produced  which  does  not 
dissolve  in  nitric  acid. 

Hyposulphurous  Acid,  H2S02  (also  called  hydrosulphurous 
acid). — This  acid  is  formed  by  the  action  of  zinc  on  an  aqueous 
solution  of  sulphurous  acid  The  zinc  dissolves  without  evolution 
of  hydrogen,  merely  removing  an  atom  of  oxygen.  A  yellow 
solution  is  thereby  formed  which  possesses  much  greater  decolor- 
ising power  than  sulphurous  acid  itself,  and  quickly  reduces  the 
metals  from  salts  of  silver  and  mercury.  This  solution  is,  however, 
very  unstable,  and  quickly  loses  its  bleaching  power.  A  more 
definite  product  is  obtained  by  immersing  clippings  of  zinc  in  a 
concentrated  solution  of  acid  sodium  sulphite,  NaHSO,,  contained 
in  a  closed  vessel,  whereby  sodium  hyposulphite,  Na2S02,  and 
zinc-sodium  sulphite,  Na2Zn(S03)2,  are  produced,  the  latter  crystal- 
lising out.  To  .  isolate  the  hyposulphite,  the  liquid  is  decanted, 
after  about  half  an  hour,  into  a  flask  three-fourths  fdled  with  strong 
alcohol,  and  the  flask  is  sealed.  A  crystalline  precipitate  imme- 
diately forms,  consisting  for  the  most  part  of  zinc-sodium  sulphite, 
while  nearly  all  the  hyposulphite  remains  dissolved  in  the  alcohol. 
The  solution,  decanted  into  a  flask  quite  filled  with  it,  well  closed, 
and  left  in  a  cool  place,  solidifies  in  a  few  hours  to  a  mass  of 
slender  colourless  needles,  consisting  of  sodium  hyposulphite, 
which  must  be  quickly  pressed  between  folds  of  linen,  and  dried 
in  a  vacuum,  as  it  becomes  very  hot  if  exposed  to  the  air  in  the 
moist  state ;  when  dry,  however,  it  is  not  affected  by  oxygen. 
This  salt  is  very  soluble  in  water,  soluble  also  iu  dilute  alcohol, 
the  solutions  exhibiting  all  the  bleaching  and  reducing  properties 
above  described.  The  crystals  when  exposed  to  the  air  are  com- 
pletely converted  into  acid  sodium  sulphite,  NaHS03.  By  heating 
them  with  oxalic  acid,  hyposulphurous  acid  is  obtained  as  a  deep 
orange-coloured  strongly  bleaching  liquid,  which  quickly  decom- 
poses, becoming  colourless,  and  depositing  sulphide* 

Thiosulphurio  Acid,  H2S203  (formerly  called  hyposulphurous 
acid). — By  digesting  sulphur  with  a  solution  of  potassium  or  sodium 
sulphite,  a  portion  of  that  substance  is  dissolved,  and  the  liquid, 
by  slow  evaporation,  furnishes  crystals  of  thiosulphate,  Na2S03  + 
S  =  Na2S203.  The  acid  itself  is  scarcely  known,  for  it  cannot  be 
isolated  :  when  hydrochloric  acid  is  added  to  a  solution  of  a  thio- 
sulphate, the  acid  of  the  latter  is  almost  instantly  resolved  into 
sulphur,  which  precipitates,  and  sulphurous  acid,  easily  recognised 
by  its  odour.  In  very  dilute  solution,  however,  it  appears  to 
remain  undecomposed  for  some  time.  The  most  remarkable 
feature  of  the  alkaline  thiosulphates  is  their  property  of  dissolving 
certain  insoluble  salts  of  silver,  as  the  chloride — a  property  which 

*  Scliiitzenberger,  Zeitchrift  fur  Cliemie  1859,  p.  545. 
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has  lately  conferred  upon  them  a  considerable  share  of  importance 
in  relation  to  the  art  of  photography.  They  are  also  much  used 
as  antichlores  for  removing  the  last  traces  of  chlorine  front 
bleached  goods. 

Dithionic,  or  Hyposulphubic  Acid,  H2S206.— This  acid  is 
prepared  by  suspending  finely  divided  manganese  dioxide  in  water 
artificially  cooled,  and  then  transmitting  a  stream  of  sulphurous 
acid  gas ;  the  dioxide  becomes  monoxide,  half  its  oxygen  converting 
the  sulphurous  into  dithionic  acid,  Mn02  4-  2S02  =  MnS20^ 
The  manganese  dithionate  thus  prepared  is  decomposed  by  a 
solution  of  pure  barium  hydrate,  and  the  barium  salt,  in  turn,  by 
enough  sulphuric  acid  to  precipitate  the  base.  The  solution  of 
dithionic  acid  may  be  concentrated  by  evaporation  in  a  vacuum, 
until  it  acquires  a  density  of  1-347 ;  pushed  further,  it  decomposes 
into  sulphuric  and  sulphurous  acids.  It  has  no  odour,  is  very 
•  sour,  and  forms  soluble  salts  with  baryta,  lime,  and  lead  oxide. 

Trithionic  Acid,  H2S306. — A  substance  accidentally  formed 
by  Langlois,  in  the  preparation  of  potassium  thisulphate,  by 
gently  heating  with  sulphur  a  solution  of  potassium  carbonate 
saturated  with  sulphurous  acid.  It  is  also  produced  by  the  action 
oil sulphurous  oxide  on  potassium  thiosulphate :  2K2S203  +  3S02  = 
2K2S30G  4-  S.  Its  salts  bear  a  great  resemblance  to  those  of 
tniosulphunc  acid,  but  differ  completely  in  composition,  while  the 
acid  itself  is  not  quite  so  prone  to  change.  It  is  obtained  by 
decomposing  the  potassium  salt  with  hyclrofluosilicic  acid :  it  may 
be  concentrated  under  the  receiver  of  the  air-pump,  but  is  gradually 
decomposed  into  sulphur,  sulphurous,  and  sulphuric  acids. 

Tetrathionic  Acid,  H2S406.— This  acid  was  discovered  by 
ordos  and  Gelis.  When  iodine  is  added  to  a  solution  of  barium 
Hyposulphite  a  large  quantity  of  that  substance  is  dissolved,  and 
a  clear  colourless  solution  obtained,  which,  besides  barium  iodide, 
contains  barium  tetrathionate :  2BaS20,  4-  L  =  Bal,  4-  BaS  0 
By  suitable  means  the  acid  can  be  eliminated,  and  obtained  in  a 
state  oi  solution  It  very  closely  resembles  dithionic  acid.  The 
SpSe!8  bj      aCti°n  °f  suIPhurous  acid  011  chlorine 

discST*  wA!CID'  H8S6Oa— Another  acid  of  sulphur  was 
hvrwT  b7  Wackemoder,  who  formed  it  by  the  action  of 
Jydrogen  s^phule  on  sulphurous  acid:  5H2S03  +  5H2S  = 
ami  lift    +  T    s-    14  is  colourless  ainl  inodorous,  of  acid 

ablP  pi i    '  an<?  CfVPable  °f  being  concentrated  to  a  consider- 
ate extent  by  cautious  evaporation. 

mlnlmf        influence  of  heat,  it  is  decomposed  into  sulphur, 
wpaurous,  and  sulphuric  acids,  and  hydrogen  sulphide.  The 
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salts  of  pentathionic  acid  are  nearly  aU  soluble.    The  barium  sal 
crystallines  from  alcohol  in  square  prisms.    The  add  is ;also formed 
when  lead  dithionate  is  decomposed  hy  hydrogen  sulphide,  and 
when  chlorine  monosidphide  is  heated  with  sulphurous  acid. 

Sulphur  with  Hydrogen. 

Hydrogen  Monosdlphide  ;  Sulphydric  Acid  ;  Hydrosul- 
phuric  Acid;  Sulphuretted  Hydrogen  H2S.-There  are  two 
methods  by  which  this  important  compound  can  be  readdy  pre- 
mred  namely,  by  the  action  of  dilute  sulphuric  acid  upon  iron 
^nosu^S'and  by  the  decomposition  of  antimony  tnsulphide 
with  hydrochloric  acid.  The  first  method  yields  it  most  easily, 
the  second  in  the  purest  state. 

Iron  monosidphide  is  put  into  the  apparatus  for  hydrogen 
already  several  times  mentioned,  together  with  water,  and  od  ot 
vitriol yis  added  by  the  funnel,  until  a  copious  disengagement  of 
gas  takes  place.    This  is  to  be  collected  over  tepid  water.  The 
reaction  is  thus  explained : — 

FeS    +    H2S04     =    H2S     =  FeS04 

Ferrous  Hydrogen  Hydrogen  Ferrous 

siUphide.  sulphate.  sulphide.  sulphate. 

Bv  the  other  plan,  finely  powdered  antimony  trisulphide  is  put 
into  a  flask  to  'which  a  cork  aud  bent  tube  can  be  adapted  and 
strong  liquid  hydrochloric  acid  poured  upon  it.  On  the .  application 
of  heat,  a  double  interchange  occurs  between  the  bodies  pie.ent 
hydrogen  sulphide  and  antimony  trichloride  being  formed,  lhe 
action  lasts  only  while  the  heat  is  maintained. 

Sb2S3    +    6HC1     =     3SH2    +  2SbCl3 

Ar.trmor.ious  Hydrogen  Hydrogen  An«™US 

sulphide.  chloride.  sulphide.  chloride. 

Hvdrogen  sulphide  is  a  colourless  gas,  having  the  odour  of  putrid 
eo-o-s  •  it  is  most  offensive  when  in  small  quantity,  when  a  mere 
tace'is  present  in  the  air.  It  is  not  irritating,  but,  on  the  control 
Powerfully  narcotic.  When  set  on  fire,  it  burns  with  a  blue  flame, 
producing  sulphurous  acid  when  the  supply  of  air  is  abundant, 
and  depositing  sulphur  when  the  oxygen  is  deficient.  Mixed  witfi 
chlorine,  it  is  instantly  decomposed,  with  separation  of  the  whole 

°f  Ss^afhas  a  specific  gravity  of  1-171  referred  to  air,  or  17 
referred  to  hydrogen  as  unity;  a  litre  weighs  1-51991  grams 

A  pressure  of  17  atmospheres  at  10°  reduces  it  to  theliqmd  form. 
Told  water  dissolves  its  own  volume  of  hydrogen  sulphide,  and  UU 
Solution  is  often  directed  to  be  kept  as  a  test ;  it  is  so  prone  to  decom- 
poshion,  however,  by  the  oxygen  of  the  air,  that  it  quickly  spods. 
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A  much  tetter  plan  is  to  keep  a  little  apparatus  for  generating 
the  gas  always  at  hand,  and  ready  for  use  at  a  moment's  notice 
A  small  bottle  or  flask,  to  which  a  bit  of  bent  tube  is  fitted  hv 
a  cork,  is  supplied  with  a  little  iron  sulphide 
and  water;  when  required  for  use,  a  few 
drops  of  oil  of  vitriol  are  added,  and  the  gas 
is  at  once  evolved.    The  experiment  com- 
pleted, the  liquid  is  poured  from  the  Lottie, 
replaced  by  a  little  clean  water,  and  the 
apparatus  is  again  ready  for  use. 

Potassium  heated  in  hydrogen  sulphide 
hums  with  great  energy,  becoming  converted 
into  sulphide,  while  pure  hydrogen  remains, 
equal  in  volume  to  the  original  gas.  Taking 
this  fact  into  accoimt,  and  comparing  the 
density  of  the  gas  with  those  of  hydrogen  and  sulphur  vapour  it 
appears  that  every  volume  of  hydrogen  sulphide  contains  one 
volume  of  hydrogen  and  half  of  a  volume  of  sulphur-vapour  the 
whole  condensed  into  one  volume,  a  constitution  precisely  analo- 
gous to  that  of  water-vapour.  This  corresponds  with  its  com- 
position by  weight,  determined  Ly  other  means-namely,  16  parts 
sulphur  and  one  part  hydrogen.  y'  [ 

When  a  mixture  of  100  measures  of  hydrogen  sulphide  and  150 
measures  of  pure  oxygen  is  exploded  Ly  the  electric  spark,  complete 

result         enSU6S'        100  meaSUreS  °f  ^Ipto™*  oxide  gas 

orS?Z£  SUiP^de  ?  a1fre(luent  Product  of  the  putrefaction  of 
organic  matter,  both  animal  and  vegetable ;  it  occurs  also  in  certain 
juneral  springs  as  at  Harrogate  and  elsewhere.  When  aS 
Ifi/T1,"!  the  atmosphere  of  an  apartment,  it  may  he 
instantaneously  destroyed  Ly  a  small  quantity  of  chlorine  -as 
lucre  are  few  re-agents  of  greater  value  to  the  practical  chemist 

nWSsri^  L™6  t0  ^Vpte*  which  are  often  exceedingly 
jwractemtic  m  appearance,  and  it  frequently  affords  the  means  of 

3K?  Xel?™  Tf  °ther1with  *he  ^atesTprecSr^ 
foSVtSZr?1^68  Sp°ken  °f  are  ^soluLle  sulphides, 
cUori  e s  Jnd  LZ  df  Wsition  of  the  metallic  oxides  or 
pro  ,  7    °'"fn  ml^!i  water  °r  Hydrochloric  acid  being 

whos      |'  h   P"T6      I'  ,  i41  the  metak  are>  in  fact>  Precipitated" 

Ar.,,  T        T  .msoluble.la  water  and  in  dilute  acids/ 
i.r,,  , ;    J    1  cadmn™  solutions  thus  treated  give  hrisht  vellow 
Sffi^£n?flr"(?lUfl.  the  latter  insolubl,,  in  ^:^,'  u: 
|l  '  l^  tm-  alts  give  a  brown  or  a  yellow  precipitate,  according 
soluble  in  i^        l"n",  ?f.f  Yimous  or  a  stannic  salt;  both 

lead  bis  in  ,       1       '    1,1,10  m  ammonium  sulphida  Copper, 
'  blSmUth'  mel°W,  and  silver  salts  give  dark-brown  or  black 
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precipitates,  insoluble  in  ammonium  sulphide ;  gold  and  platinum 
salts,  black  precipitates,  soluble  in  ammonium  sulphide. 

Hydrogen  sulphide  possesses  the  properties  of  an  acid ;  its  solu- 
tion in  water  reddens  litmus-paper. 

The  best  test  for  the  presence  of  this  compound  is  paper  wetted 
with  solution  of  lead  acetate.  This  salt  is  blackened  by  the  small- 
est trace  of  the  gas. 

Hydrogen  disulphide,  H„S2.— This  substance  corresponds  in  con- 
stition  and  instability  to  the  hydrogen  dioxide ;  it  is  prepared  by 
the  following  means  : — 

Equal  weights  of  slaked  lime  and  flowers  of  sulphur  are  boiled 
witb  5  or  6  parts  of  water  for  half  an  hour,  whereby  a  deep  orange- 
coloured  solution  is  produced,  containing  among  other  things,  cal- 
cium disulphide.  This  is  filtered,  and  slowly  added  to  an  excess 
of  dilute  sulphuric  acid,  with  constant  agitation.  A  white  preci- 
pitate of  separated  sulphur  and  calcium  sidphate  makes  its  appear- 
ance, together  with  a  quantity  of  yellow  oily-looking  matter,  which 
collects  at  the  bottom  of  the  vessel :  this  is  hydrogen  disulphide. 

The  reaction  which  ensues  when  calcium  hydrate,  sulphur,  and 
water  are  boiled  together  is  rather  complex,  disulphide  or  penta- 
sulphide  of  calcium  being  formed,  together  with  calcium  thiosul- 
phate,  arising  from  the  transfer  of  the  oxygen  of  the  decomposed 
lime  to  another  portion  of  sulphur : 

3CaO    -f    Sfi    =    2CaS2    +  CaS203. 

The  calcium  disulphide,  decomposed  by  an  acid  under  favour- 
able circumstances,  yields  a  calcium  salt,  hydrogen  disulphide,  and 
free  sulphur : 

CaS2    +    H2S04    =    H2S    +    CaS04    +  S. 

When  the  acid  is  poured  into  the  sulphide,  sulphuretted  hydro- 
gen, water,  and  calcium  sulphate  are  produced,  while  the  excess 
of  sulphur  is  thrown  down  as  a  fine  white  powder,  the  "precipitated 
sulphur"  of  the  Pharmacopoeia.  "When  the  object  is  to  prepare 
the  latter  substance,  hydrochloric  acid  must  be  used  in  place  of 
sulphuric  acid. 

If  the  experiment  be  conducted  by  pouring  the  acid  into  the 
solution  of  the  sulphide,  then  nothing  but  fiuely  divided  precipi- 
tated sulphur  is  obtained. 

The  disulphide  is  a  yellow,  viscid,  insoluble  liquid,  exhaling  the 
odour  of  sulphuretted  hydrogen;  its  specific  gravity  is  1-7C59.  It 
is  slowly  decomposed,  even  in  the  cold,  into  sulphur  and  hydrogen 
monosulphide,  and  instantly  by  a  higher  temperature,  or  by  contact 
with  many  metallic  oxides. 

Carbon  and  Sulphur. 
Carbon  Disulphide  or  Bisulphide,  CS2. — A  wide  porcelain 
tube  is  filled  with  pieces  of  charcoal  which  have  been  recently 


SULPHUR.  209 

heated  to  redness  in  a  covered  crucible,  and  fixed  across  a  furnace 
m  a  slightly-inclined  position.  Into  the  lower  extremity  a  toler- 
ably wide  tube  is  secured  by  the  aid  of  a  cork :  this  tube  bends 
downwards,  and  passes  nearly  to  the  bottom  of  a  bottle  filled  with 
fragments  of  ice  and  a  little  water.  The  porcelain  tube  bein<* 
heated  to  bright  redness,  fragments  of  sulphur  are  thrown  intS 
the  open  end,  which  is  immediately  afterwards  stopped  by  a  cork 
The  sulphur  melts,  and  becomes  converted  into  vapour,  which  at 
that  high  temperature  combines  with  the  carbon,  formino-  an 
exceedmgly volatile  compound,  which  is  condensed  by  the  ice  and 
collects  at  the  bottom  of  the  vessel.  This  is  collected  and  redis- 
tilled at  a  very  gentle  heat  in  a  retort  connected  with  a  good  con- 
denser. ° 

For  preparation  on  the  large  scale,  a  tubulated  earthen  retort  is 
tiled  with  charcoal,  and  the  sulphur  is  dropped  in  through  a 
porcelain  tube  passing  through  the  tubulus  and  reaching  nearly  to 
the  bottom ;  or  the  charcoal  is  contained  in  a  large  iron  cylinder 
and  the  sulphur  introduced  through  a  pipe  fitted  into  the  lower 
pEirt. 

Carbon  disulphide  is  a  transparent,  colourless  liquid  of  great 
retractive  and  dispersive  power.  Its  density  is  1-272  that  of  its 
vapour  is  2-67.  It  boils  at  43°,  and  emits  vlpour  of  considerable 
elasticity  at  common  temperatures.  It.  has  a  very  repulsive 
odour.  When  set  on  fire  in  the  air,  it  burns  with  a  blue 
Same,  forming  carbon  dioxide  and  sulphur  dioxide ;  and  when 

lL?v  T  18  u™*^  Wit,h  ox^en>  {t  bec°mes  explosive.  Carbon 
Iwdphide,  when  heated  with  water  in  a  sealed  tube  to  about 
™  '  "  concerted  into  carbon  dioxide  and  hydrogen  sulphide 

LrShT1-11  na«rn.thydr°gen  <when  ^ated  with  zini  and 
t-  Bulphunc  and),  it  is  converted  into  a  white  crystalline  sub- 

Solul  lT"  J'  C7Pr?i0n  ?H'S'  ^Hising  in  square  prisms, 

,  i ;  r ter'fajcfis°1'  ti  ether' but  soiubfe  in  carb°n  disui. 

'  i  '  r  "  f  '  ?f  decomP°«"S  at  200°.  Carbon  disul- 
CsitsS.H  °T  S2fr'  a'"  hy  8P^neous  evaporation 
J  IjJ  term  teautifu  crystals  ;  it  also  dissolves  pho^.horas, 

is  '  , T  c^teW  and  mixes  easily  with  oils.  It 
-  t.    '  c  ,  •  ■    f      u   the  7lca,,Silti'"1  of  caoutchouc,  and  in  the 
S^^^i1^'41110   01  extracting  bitumen  from 
'"/>  ii  Bubstances,  and  oil  from  seeds. 

cafied  sulS^I?  m"!*H  Wi,,b.  ?ltalHc  ^Phidea,  terming  salts 
*  .     1  ;-"'lM,,,:,t(.s  which  bave  the  composition  of  car- 
ries with  the  oxygen  replaced  by  sulphur. 

S^c^°Mte>  CaC03    =  CaO.C02 

■•'l<  "im  mdpmearbonate,    CaCS3     =  CaS.CS. 
ttydrogen  Bttlphocarbonate,  H2CS3    =  H2S.CS2 

l,v  beating  the  ammonium  salt  with  dilute  sulphuric  or  hydro- 
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chloric  acid,  an  oily  acid  liquid  is  precipitated,  consisting  of  hydro- 
gen snlphocarhonate,  or  sufphocarbonic  acid. 

Compounds  of  Sulphur  with  Clilorine. 

When  dry. chlorine  is  passed  over  the  surface  of  sulphur  kept 
melted  in  a  small  glass  retort  connected  with  a  good  condensing 
arrangement,  a  deep  orange-yellow  mobile  liquid  distils  over, 
having  a  peculiar  and  disagreeable  odour,  and  boiling  at  136°.  As 
this  substance  dissolves  both  sulphur  and  chlorine,  it  is  not  easy 
to  obtain  it  in  a  pure  and  definite  state.  It  contains  32  parts  sul- 
phur and  35*5  chlorine,  and  is  called  sulphur  monochloride  (or  sub- 
chloride),  also  chlorine  bisulphide,  S2C12. 

It  is  instantly  decomposed  by  water,  hydrochloric  and  thiosul- 
phmic  acids  being  formed,  and  sulphur  separated,  and  the  thiosul- 
phuric  acid  in  its  turn  decomposing  into  sulphur  and  sulphurous 
acid : 

2S2C12  +  3H20  =  4HC1  4-  S2  4-  H2S203  (or  H2S03  +  S) . 

By  exposing  the  above  compound  for  a  considerable  time  to  the 
action  of  chlorine,  and  then  distilling  it  in  a  stream  of  the  gas,  a 
deep-red  liquid  is  obtained,  at  a  certain  stage  of  the  distillation, 
heavier  than  water,  boiling  at  164°,  and  containing  twice  as  much 
chlorine  as  the  monochloride,  hence  called  sulphur  dichloride  or 
chlorine  monosnlphide,  SC12.  It  appears,  however,  to  be  not  a 
definite  compound  of  sulphur  and  chlorine,  but  a  mixture  of  the 
preceding  with  the  following  compound. 

A  compound  called  sulphur  tetrachloride,  SC14,  containing  32 
parts  of  sulphur  to  142  parts  of  chlorine,  appears  to  exist  in  com- 
bination with  certain  metallic  chlorides,  but  is  not  known  in  the 
separate  state.  According  to  Carius,*  the  red-brown  liquid, 
obtained  as  above  mentioned  by  saturating  chlorine  disulphide 
with  chlorine,  is  a  mixture  of  the  monochloride  and  tetrachloride 
in  various  proportions,  according  to  the  temperature  at  which  the 
saturation  is  effected. 

Carbon  Oxychloride,  COCl2. — This  compound,  also  called 
phosgene  gas,  has  been  already  mentioned.  It  is  produced  by  the 
direct  combination  of  chlorine  and  carbon  monoxide  under  the 
influence  of  sunshine ;  but  is  more  easily  prepared  by  passing  car- 
bon monoxide  into  boiling  antimony  pentachloride.  It  must  be 
received  over  mercury,  as  water  decomposes  it.  When  pure,  it 
condenses  to  a  liquid  at  0°,  or  more  quickly  at  the  temperature 
of  a  mixture  of  ice  and  salt. 

Carbon  Sulphochloride,  CSC12.— This  compound,  the  sul- 
«  Ann.  Oh.  Pharm.  cvi.  291 ;  ex.  209 ;  see  also  Watts's  "  Dictionary  of 
Chemistry,"  v.  533. 
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ph.ur -analogue  of  the  preceding,  is  produced,  together  with  chlorine 
monosulphide,  hy  the  action  of  dry  chlorine  on  carbon  disulphide, 
CS2  4-  Cl4  =  SC12  +  CSC1,,  or  by  passing  a  mixture  of  hydrogen 
sulphide  and  vapour  of  carbon  tetrachloride  through  a  red-hot  tube 
CC14  4-  H2S  =  2HC1  +  CSC12.  It  is  a  yellow  liquid  having  a 
very  irritating  odour,  not  acted  upon  by  water  or  acids,  but  decom- 
posed by  potash,  yielding  potassium  sulphide,  potassium  carbonate, 
and  carbon  tetrachloride : 

2CSC12  +  3K20  =  2K2S  +  K2C03  +  CC14 . 

Sulphur  and  Bromine.— Bromine  dissolves  sulphur,  formino- 
a  brown  red  liquid  probably  containing  a  sulphur  bromide  analo^ 
gous  to  sulphur  monochloride  j  but  it  has  not  been  obtained  pure. 

Sulphur  and  Iodine.— These  elements  combine  when  heated 

compound,  S,I9, 

containing  32  parts  of  sulphur  and  127  parts  of  iodine,  is"  a 
blackish -grey  radio-crystalline  mass,  resembling  native  antimony 
sulphide.  It  decomposes  at  higher  temperatures,  gives  off  iodine 
on  exposure  to  the  air,  and  is  insoluble  in  water.  By  heating  254 
parts  of  iodine  with  32  parts  of  sulphur,  a  compound  is  obtained 
which  smells  like  iodine,  and  is  said  to  be  a  powerful  remedy  in 
skin  diseases.  A  cinnabar-red  sulphur  iodide  is  obtained,  accord- 
ing to  Grosourdi,  by  precipitating  iodine  trichloride  with  hydrogen 
sulphide.  J  a 


SELENIUM. 

Atomic  weight,  79 -4;  symbol,  Se. 


Phis  is  a  very  rare  substance,  much  resembling  sulphur  in  its 
cnemicai  relations,  and  found  in  association  with  that  element  in 
some  lew  localities,  or  replacing  it  in  certain  metallic  combinations, 
88  m  the  lead  selemde  of  Clausthal  in  the  Hartz. 

belenmm  is  a  reddish-brown  solid  body,  somewhat  translucent, 
w>L  "f,  a"  VT\perfect  metallic  lustre.  Its  specific  gravity, 
When ira pidly  cooled  alter  fusion,  is  4-3.  At  100°,  or  a  little  above 
"melts,  and  boils.    It  is  insoluble  in  water,  and  exhales,  when 

'  "  1,1  I":  air,  a  peculiar  and  disagreeble  odour,  which  has  been 
l.ii e  i    '  i  °    V'  horse-radish  :  it  is  insoluble  in  alcohol, 

„r;.ve9  slightly  in  carbon  bisulphide,  from  which  solution 
it  crystallises. 

qm!i7"."Ni,l"M  "f  Sl'l,,nium  arc  known.  The  one  containing  the 
i,i  ;       Proportion  of  oxygen  is  formed  by  the  imperfect  combus- 

n  oi  seiemum  m  air  or  oxygen  gas.  It  is  a  colourless  gas  which 
"Resource  oi  the  peculiar  horse-radish  odour  above  mentioned', 
^composition  is  not  known. 

ine  higher  oxide,  SeOs,  called  selenious  oxide,  is  produced 
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by  burning  selenium  in  a  stream  of  oxygen  gas;  it  contains  79;4 
parts,  by  weight,  of  selenium,  and  32  of  oxygen.  It  u  a  white  solid 
substance  which  absorbs  water  rapidly,  forming  a  hydrate,  m- 

„  ,  Selenious  w«tcr 

Selenium.      Oxygen.   Hydrogen.  oxide- 

Selenious    acid,   or")    yg.^    +    48+2       or  11T4   +  18 
Hydrogen  selenite,  j 

This  acid,  H9Se03  or  H2O.Se02,  analogous  in  composition  and 
properties  to  sulphurous  acid,  is  likewise  produced  by  dissolving 
selenium  in  nitric  or  nitromuriatic  acid.  It  is  deposited  from  its 
hot  aqueous  solution  by  slow  cooling  in  prismatic  crystals  like 
those  of  saltpetre  ;  but  when  the  solution  is  evaporated  to  dry- 
ness, the  selenious  acid  is  resolved  into  water  and  selenious  oxide, 
which  sublimes  at  a  higher  temperature.  _  . 

Selenious  acid  is  a  very  powerful  acid,  approximating  to  sul- 
phuric acid  in  the  energy  of  its  reactions  It  reddens  litmus, 
decomposes  carbonates  with  effervescence,  and  decomposes  nitrates 
and  chlorides  with  aid  of  heat.  Its  solution  precipitates  lead  and 
silver  salts,  and  is  decomposed  by  hydrogen  sulphide,  pelding  a 
precipitate  of  selenium  sulphide :  H2Se03  +  2H2S  =  3H2U  +  beb2 
The  metallic  selenites  resemble  the  sulphites.  When  heated 
with  sodium  carbonate  in  the  inner  blow-pipe  flame,  they  emit 
the  characteristic  odour  of  selenium.  They  are  not  decomposed 
by  boiling  with  hydrochloric  acid. 

Selenic  acid,  H.,Se04,  is  a  more  highly  oxidised  acid  oi 
selenium,  analogous  to  sulphuric  acid,  and  containing  794  parte, 
by  weight,  of  selenium,  64  of  oxygen,  and  2  of  hydrogen,  ine 
corresponding  anhydrous  oxide  is  not  known,  belemc  acid,  is 
prepared  by  fusing  potassium  or  sodium  nitrate  with  selenium, 
precipitating  the  selenate  so  produced  with  a  lead  salt,  and  then 
decomposing  the  compound  with  hydrogen  sulphide.  Ine  acid 
strongly  resembles  oil  of  vitriol ;  but,  when  very  much  concen- 
trated, decomposes,  bv  the  application  of  heat,  into  selenious  acid 
and  oxygen.  The  selenates  bear  the  closest  analogy  to  the  sul- 
phates in  almost  every  particular.  They  are  decomposed  by  boil- 
ing with  hydrochloric  acid,  chlorine  being  evolved  and  a  salt  oi 
selenious  acid  being  produced. 

Hydrogen  Selenide;  Selenhydric  Acid;  Selenetted 
Hydrogen,  H2Se.— This  substance  is  produced  by  the  action  oi 
dilute  sulphuric  acid  upon  potassium  or  iron  selenide.  It  ven 
much  resembles  sulphuretted  hydrogen,  being  a  colourless  gasj 
freely  soluble  in  water,  and  decomposing  metallic  solutions  like 
that  substance :  insoluble  selenides  are  thus  produced.  This  gas 
is  said  to  act  very  powerfully  upon  the  lining  membrane  ol  the 
nose  exciting  catarrhal  symptoms,  and  destroying  the  sense  ol 
;mell    It  contains  79"4  parts  selenium  and  2  parts  hydrogen. 
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TELLURIUM. 

Atomic  weight,  128  ;  symbol,  Te. 

This  element  possesses  many  of  the  characters  of  a  metal,  but  it 
bears  so  close  a  resemblance  to  selenium,  both  in  its  physical  pro- 
perties and  its  chemical  relations,  that  it  is  most  appropriately 
placed  in  the  same  group  with  that  body.  Tellurium  is  found  in 
a  few  scarce  minerals  in  association  with  gold,  silver  lead  and 
bismuth,  apparently  replacing  sulphur,  and  is  most  easily  extracted 
from  the  bismuth  sulpho-telluride  of  Chemnitz  in  Hungary.  The 
finely-powdered  ore  is  mixed  with  an  equal  weight  of  dry  sodium 
carbonate,  the  mixture  made  into  a  paste  with  oil,  and  heated  to 
whiteness  in  a  closely  covered  crucible.  Sodium  telluride  and 
sulphide  are  thereby  produced,  and  metallic  bismuth  is  set  free. 
The  fused  mass  is  dissolved  in  water,  and  the  solution  freely 
exposed  to  the  air,  when  the  sodium  and  sulphur  oxidise  to  sodium 
hydrate  and  thiosulphate,  while  the  tellurium  separates  in  the 
metallic  state. 

Tellurium  has  the  colour  and  lustre  of  silver ;  by  fusion  and 
slow  cooling  it  may  be  made  to  exhibit  the  form  of  rhombohedral 
crystals  similar  to  those  of  antimony  and  arsenic.  It  is  brittle 
and  a  comparatively  bad  conductor  of  heat  and  electricity :  it  has 
a  density  of  6'26,  melts  at  a  little  below  a  red-heat,  and  volatilises 
at  a  higher  temperature.  Tellurium  burns  when  heated  in  the 
air,  and  is  oxidised  by  nitric  acid. 

Tellurium  forms  two  oxides,  analogous  in  composition  to  the 
oxides  of  sulphur,  and  likewise  forming  acids  by  combination 
with  water. 


Composition  by  weight. 


Formula.        Hydrogen.      Tellurium.  Oxygen. 


Tellurous  oxide,      Te02  128  + 


32 


acid,       H2Te03         2       +       128       +  48 


Telluric    oxide,  TeO. 


128       +  48 

acid,       H2Te04        2       +       128       +  64 

Tellurous  Oxide  may  be  prepared  by  heating  the  precipitated 
acid  to  low  redness.  It  also  separates  in  semi-crystalline  grains 
trom  the  aqueous  solution  of  the  acid  when  gently  heated ;  more 
abundantly  and  in  well-defined  octahedrons  from  the  solution  of 
tellurous  acid  in  nitric  acid.  It  is  fusible  and  volatile,  slightly 
soluble  in  water,  but  does  not  redden  litmus.  When  fused  with 
pyouine  hydrates  or  carbonates,  it  forms  tellurites. 

Tellurous  Aoid  is  best  obtained  by  decomposing  tellurium 
tetrac  hloride  with  water.  It  may  also  be  prepared  by  dissolving 
tellurium  m  nitric  arid  of  sp.gr.  1 -25,  and  pouring  the  solution, 
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after  a  few  minutes,  into  a  mass  of  water.  By  either  process  it  is 
obtained  as  a  somewhat  bulky  precipitate,  which,  when  dried  over 
oil  of  vitriol,  appears  as  a  light,  white,  earthy  mass,  having  a 
bitter  metallic  taste.  It  is  slightly  soluble  m  water,  more  easily 
soluble  in  alkalies  and  acids,  the  nitric  acid  solution  alone  being 
unstable.  Sulphurous  acid,  zinc,  phosphorus,  and  other  reducing 
agents  precipitate  metallic  tellurium  from  the  acidified  solution 
of  tellurous  acid.  Like  selenious  acid,  it  is  decomposed  by  hydro- 
gen sulphide  and  alkaline  sulph-hydrates,  with  formation  oi  a 
dark-brown  tellurium  sulphide,  which  dissolves  readily  in  excess 
of  alkaline  sulph-hydrate,  forming  a  sulpho-tellurite.  _ 

Tellurous  acid  is  a  hydrate  in  which  the  acid  and  basic  ten- 
dencies are  nearly  balanced;  in  other  words,  the  tellurium  of  the 
compound  can  replace  the  hydrogen  of  an  acid  to  form  tellurous 
salts,  and  the  hydrogen  of  the  compound  can  be  replaced  by  the 
basylous  metals,  to  form  metallic  tellurites. 


Tellurium  Salts. 
Te(S04)2  Sulphate. 


Te(N03)4 
Te(C„04), 
TeCl4 


Nitrate. 
Oxalate. 
Chloride. 


Tellurites. 

Hydrogen  tellurite. 
Potassium  tellurite. 
Hydrogen  and  potas- 
sium tellurite. 
H3K(Te03)2  Trihydropotassic  tel- 
lurite. 


H.-,Te03 
K3Te03 
HKTe03 


The  tellurites  of  potassium,  sodium,  barium,  strontium,  and  cal- 
cium, are  formed  by  fusing  tellurous  oxide,  or  acid,  with  the 
carbonates  of  the  several  metals  in  the  required  proportions. 
These  tellurites  are  all  more  or  less  soluble  in  water.  The  tellu- 
rites of  the  other  metals,  which  are  insoluble,  are  obtained  by 
precipitation. 

Telluric  Oxide  and  Acid.— Equal  parts  of  tellurous  oxide 
and  sodium  carbonate  are  fused,  and  the  product  is  dissolved  in 
water ;  a  little  sodium  hydrate  is  added,  and  a  stream  of  chlorine 
passed  through  the  solution.  The  liquid  is  next  saturated  with 
ammonia,  and  mixed  with  solution  of  barium  chloride,  by  which 
a  white  insoluble  precipitate  of  barium  tellurate  is  thrown  down. 
This  is  washed  and  digested  with  a  quarter  of  its  weight  of  sul- 
phuric acid,  and  diluted  with  water.  The  filtered  solution  gives, 
on  evaporation  in  the  air,  large  crystals  of  telluric  acid,  which 
have  the  composition,  IIoTeO,,.2H20. 

Crystallised  telluric  acid  is  freely,  although  slowly,  soluble  m 
water-  it  has  a  metallic  taste,  and  reddens  litmus-paper.  The 
crystais  give  off  their  water  of  crystallisation  at  100°,  and  the 
remaining  acid,  H.,Te04,  when  strongly  heated,  gives  off  more- 
water,  and  yields  the  anhydrous  oxide,  Te03,  which  is  then  insol- 
uble in  water,  and  even  in  a  boiling  alkaline  liquid.    At  the 
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temperature  of  ignition,  telluric  oxide  loses  oxygen,  and  passes 
into  teUurous  oxide. 

The  tellnrates  of  the  alkali-metals  are  soluble  in  water,  and  are 
prepared  by  dissolving  the  required  quantities  of  telluric  acid  and 
an  alkaline  carbonate  in  hot  water.  The  other  tellurates  are 
insoluble,  and  are  obtained  by  precipitation. 

The  composition  of  the  alkaline  tellurates  is  exhibited  by  the 
following  formula : — 


Tellurium  Sulphides.— Tellurhun  forms  two  sulphides,  TeS2 
and  TeS3,  analogous  in  composition  to  the  oxides  ;  they  are  formed 
by  the  action  of  hydrogen  sulphide  on  solutions  of  teUurous  acid 
and  telluric  acid  respectively.  They  are  brown  or  black  sub- 
stances, which  unite  with  metallic  sulphides,  forming  salts  called 
sulphotelliuites  and  sulphotellurates. 

Hydrogen  Telluride,  H2Te.—Tellurhydric  acid,  Hydrotclluric 
acid,  or  Telluretted  Hydrogen. — This  compound  is  a  gas,  resembling 
sulphuretted  and  selenietted  hydrogen.  It  is  prepared  by  the 
action  of  hydrochloric  acid  on  zinc  telluride.  It  dissolves  in  water, 
forming  a  colourless  liquid,  which  precipitates  most  metals  from 
then-  solutions,  and  deposits  tellurium  on  exposure  to  the  air. 

Tellurium  Chlorides.— Tellurium  forms  a  dichloride,  TeCl2, 
and  a  tetrachloride,  TeCl4,  both  volatile  and  decomposable  by 
excess  of  water,  the  latter  being  completely  resolved  into  teUurous 
and  hydrochloric  acids: 

TeCl4  -f  3H20  =  4HC1  +  H2Te03. 

The  tetrachloride  unites  with  the  chlorides  of  the  alkali-metals, 
to  torm  crystallisable  double  salts. 


Neutral   or  Bipotassic 
tellurate,  .... 


K2Te04  or  K2O.Te03 

HKTe04  or  H2O.K20.2Te03 

HKTe04.H2Te04  or  3H2O.K20.4Te03 
K2Te04.3Te03     or  K20.4Te03 


Acid  or  Hydro-potassic 
tellurate,  .... 


Quadracid  or  Trihydro- 
potassic  tullurate,  . 


Anhydrous     quadritel-  ) 
lurate,     ....  ) 


The  bromides  .-mil  iodides  of  tellurium,  correspond  to  the  chlorides 
properties  and  composition. 
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BORON. 

Atomic  weight,  11 ;  symbol,  B. 

This  element,  the  basis  of  boric  or  boracic  acid,  is  prepared  by 
beating  the  double  fluoride  of  boron  and  potassium  with  metallic 
potassium  in  a  small  iron  vessel,  and  washing  out  the  soluble  salts 
with  water.  It  is  a  dull,  greenish-brown  powder,  which  burns  in 
the  air  when  heated,  producing  boric  oxide.  Nitric  acid,  alkalis 
in  the  fused  state,  chlorine,  and  other  agents,  attack  it  readily. 

By  a  process  analogous  to  that  adopted  for  the  preparation  of  the 
diamond  variety  of  silicium  (p.  218),  Wohler  and  Deville  have  pro- 
cured also  the  corresponding  modification  of  boron.  It  crystallises 
in  square  octohedrons,  generally  of  a  brownish  colour,  possessing 
very  nearly  the  hardness  and  refractive  power  of  diamond.  It  is 
infusible  in  the  flame  of  the  oxy-hydrogen  blow-pipe,  but  burns  in 
oxygen  at  the  same  temperature  at  which  the  diamond  is  oxidised. 
Its  specific  gravity  is  2 -68. 

By  fusing  boric  oxide  with  aluminium,  Wohler  and  Deville 
likewise  obtained,  together  with  diamond  boron,  a  small  quantity 
of  a  graphite-like  substance  which  they  at  first  regarded  as  a 
graphitoidal  modification  of  boron ;  but  by  more  recent  experi- 
ments, they  have  found  tbat  it  is  a  compound  of  boron  with 
aluminium.  This  compound  is  obtained  in  larger  quantity  by 
passing  the  vapour  of  boric  chloride  over  fused  aluminium.  It 
crystallises  in  thin  opaque  six-sided  plates,  having  a  pale  copper- 
colour,  and  perfect  metallic  lustre. 

Boric  Oxide  and  Acid.— There  is  but  one  oxide  of  boron, 
namely,  boric  oxide,  B203,  containing  11  parts  of  boron  and  48  of 
oxygen.  It  unites  with  water  and  metallic  oxides,  forming  boric 
acid  and  metallic  borates. 

Boric  or  Boracic  Acid,  or  Hydrogen  Borate,  H3B03  or  SHoO.BoOg, 
contains  11  parts  boron,  48  oxygen,  and  3  hydrogen,  or  7  parts 
boric  oxide,  and  54  water.  It  is  found  in  solution  in  the  water  of 
the  hot  volcanic  lagoons  of  Tuscany,  whence  a  large  supply  is  at 
present  derived.  It  is  also  easily  made  by  decomposing  with  sul- 
phuric acid  a  hot  solution  of  borax,  a  salt  brought  from  the  East 
Indies,  consisting  of  sodium  borate. 

Boric  acid  crystalbses  in  transparent  colourless  plates,  soluble 
in  about  25  parts  of  cold  water,  and  in  a  much  smaller  quantity 
at  the  boiling  heat ;  the  acid  has  but  little  taste,  and  feebly  affects 
vegetable  colours.  When  heated,  it  loses  water,  and  melts  to  a 
classy  transparent  mass  of  anhydrous  boric  oxide,  which  dissolves 
many  metallic  oxides  with  great  ease.  The  crystals  dissolve  an 
alcohol,  and  the  solution  burns  with  a  green  flame. 

Glassy  boric  oxide  in  a  state  of  fusion  requires  for  its  dissipation 
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in  vapour  a  very  intense  and  long-continued  heat ;  the  aqueous 
solution  cannot,  however,  he  evaporated  without  very  appreciable 
loss  by  volatilisation:  hence  it  is  probable  that  the  acid  is  far 
more  volatile  than  the  anhydrous  oxide. 

Boron  Nitride,  BN. — This  compound,  containing  11  parts  of 
boron  and  14  of  nitrogen,  is  produced  by  heating  boric  oxide  with 
metallic  cyanides,  or  by  heating  to  bright  redness  a  mixture  of 
sal-ammoniac  and  pure  anhydrous  borax,  or  sodium  biborate, 
Na20.2B203 : 

Na20.2B203  +  2NH4C1  =  2BN  +  B203  +  2NaCl  +  4H20  . 

It  is  a  white  amorphous  powder,  insoluble  in  water,  infusible  and 
non-volatile.  When  heated  in  a  current  of  steam  it  yields  am- 
monia and  boric  oxide :  2BN  -f  3H20  =  2NH3  +  B203,  and  like- 
wise gives  off  a  large  quantity  of  ammonia  when  fused  with 
potash. 

Boron  Chloride,  BC13,  was  formerly  believed  to  be  a  permanent 
gas ;  but  recent  researches  have  proved  tbat  it  is  a  liquid,  boiling  at 
17°,  decomposed  by  water,  with  production  of  boric  and  hydro- 
chloric acids,  and  fuming  strongly  in  the  ah.  It  is  most  easily 
obtained  by  exposing  to  the  action  of  dry  chlorine  at  a  very 
high  temperature  an  intimate  mixture  of  glassy  boric  oxide  and 
charcoal. 

There  is  also  a  Boron  Bromide  of  similar  constitution. 

Boron  Fluoride,  BF3,  is  obtained  by  heating  in  a  glass  flask 
or  retort  1  part  of  vitrified  boric  oxide,  2  of  fluor-spar,  and  12  of 
oil  of  vitriol.  It  is  a  transparent  gas,  very  soluble  in  water,  very 
heavy,  and  forming  dense  fumes  in  the  air. 


SILIOIUM. 

Atomic  weight,  28  ;  symbol,  Si. 

SHMOiTJM,  sometimes  called  silicon,  in  union  with  oxygen  consti- 
tuting silica  or  the  earth  of  flints,  is  a  very  abundant  substance, 
and  one  of  great  importance.  It  enters  largely  into  the  composi- 
tion of  many  of  the  rocks  and  mineral  masses  of  which  the  surface 
(>i  the  earth  is  composed.  The  following  process  yields  silicium 
most  readily.  The  double  fluoride  of  silicium  anil  potassium  is 
neated  in  a  gkss  tube  with  nearly  its  own  weight  of  metallic 
porassium  ;  violent  reaction  ensues,  and  silicium  is  set  free.  When 
r"l(|,  Hie  contents  of  the  tube  are  put  into  cold  water,  which 
"'"loves  fche  saline  matter  and  any  residual  potassium,  and  leaves 
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the  silickim  untouched.  So  prepared,  siliciurn  is  a  dark-brown 
powder,  destitute  of  lustre.  Heated  in  the  air,  it  burns,  and 
becomes  superficially  converted  into  silica.  It  is  also  acted  upon 
by  sulphur  and  by  chlorine.  When  siliciurn  is  strongly  heated  in 
a  covered  crucible,  its  properties  are  greatly  changed ;  it  becomes 
darker  in  colour,  denser,  and  incombustible,  refusing  to  bran 
even  when  heated  by  the  flame  of  the  oxy-hydrogen  blow-pipe. 

Siliciurn,  like  carbon,  is  capable  of  existing  in  three  different 
modifications.  The  modification  above  mentioned  corresponds 
to  the  amorphous  variety  of  carbon  (lamp-black).  The  re- 
searches of  Wohler  and  Deville  have  established  the  existence 
of  modifications  corresponding  to  the  diamond,  and  to  the 
graphite  variety  of  carbon.  The  diamond  modification  of  sili- 
ciurn is  most  readily  obtained  by  introducing  into  a  red-hot 
crucible  a  mixture  of  3  parts  of  potassium  silico-fluoride,  1  part 
of  sodium  in  small  fragments,  and  1  part  of  granulated  zinc, 
and  heating  to  perfect  fusion.  On  slowly  cooling,  there  is  formed 
a  button  of  zinc,  covered  and  interspersed  with  needle-shaped 
crystals  consisting  of  octohedrons  joined  in  the  direction  of  the 
axis.  This  crystallised  silicium,  which  may  be  readily  freed 
from  zinc  by  treatment  with  acids,  resembles  crystallised  haematite 
in  colour  and  appearance :  it  scratches  glass,  and  fuses  at  a  tem- 
perature approaching  the  melting-point  of  cast  iron.  _  The  graphite 
modification  of  silicium  is  prepared  by  fusing,  in  a  Hessian 
crucible,  5  parts  of  soluble  glass  (potassium  silicate),  10  parts  of 
cryolite  (sodium  and  aliuninium  fluoride),  and  1  part  of  alumi- 
nium. On  treating  the  resulting  button  of  alumi- 
nium with  hydrochloric  acid,  the  silicium  remains 
in  the  form  of  scaly  crystals,  resembling  graphite, 
but  of  somewhat  brighter  colour,  scratching  glass, 
like  the  previous  modification.  It  is  infusible.  Its 
specific  gravity  is  2  "49. 

Silica,  or  Silicic  Oxide,  Si02.— This  is  the 
oidy  known  oxide;  it  contains  28  parts  silicium 
and  32  parts  oxygen.  Colourless  transparent  rock- 
crystal  consists  of  silica  very  nearly  pure;  com- 
mon quartz,  agate,  chalcedony,  flint,  and  several 
other  minerals,  are  also  chiefly  composed  of  this 
substance. 

The  experiment  about  to  be  described  furnishes 
silica  in  a  state  of  complete  purity,  and  at  the  same 
time  exhibits  one  of  the  most  remarkable  properties 
of  silicimn,  namely,  its  attraction  for  fluorine.  A 
mixture  of  equal  parts  of  fluor-spar  and  glass,  both  finely  pow- 
dered is  introduced  into  a  glass  flask,  with  a  quantity  of  oil  of 
vitriol.  A  tolerably  wide  bent  tube,  fitted  to  the  flask  by  a  cork, 
passes  to  the  bottom  of  a  glass  jar  (fig.  115),  into  which  enough 
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mercury  is  poured  to  cover  the  extremity  of  the  tube.  The  jar  is 
then  half  filled  with  water,  and  heat  is  applied  to  the  flask. 

The  first  effect  is  the  disengagement  of  hydrofluoric  acid : 
this  substance,  however,  finding  itself  in  contact  with  the  silica 
of  the  powdered  glass,  undergoes  decomposition,  water  and 
silicium  fluoride  being  produced.  The  latter  is  a  parmanent 
gas,  which  escapes  from  the  flask  by  the  bent  tube.  By  contact 
with  a  large  quantity  of  water,  it  is  in  turn  decomposed,  yielding 
silica,  which  separates  in  a  beautiful  gelatinous  condition,  and  an 
acid  liquid,  which  is  a  double  silicium  and  hydrogen  fluoride, 
4HF.SiF4,  commonly  called  hydrofluosilicic  or  silico-fluoric  acid, 
thus — 

(1.)  Eeaction  of  hydrofluoric  acid  with  silica: 

4HF  +  Si02  =  2H20  +  SiF4. 

(2.)  Decomposition  of  silicium  fluoride  by  water : 

SiF4  +  2H20  =  Si02  +  4HF.SiF4 . 

The  silica  may  be  collected  on  a  cloth-filter,  well  washed,  dried, 
and  heated  to  redness  to  expel  water. 

The  acid  liquid  is  kept  as  a  test  for  barium  and  potassium,  with 
which  it  forms  nearly  insoluble  precipitates,  the  double  fluoride  of 
sihcium  and  potassium  being  used,  as  was  stated,  in  the  prepara- 
tion of  silicium.  Silicium  fluoride,  SiF4,  instead  of  being  con- 
densed into  water,  may  be  collected  over  mercury :  it  is  a  per- 
manent gas,  destitute  of  colour,  and  very  heavy.  Admitted  into 
the  air,  it  condenses  the  moisture  of  the  latter,  giving  rise  to  a 
t link  white  cloud.  It  is  important  in  the  experiment  above 
described  to  keep  the  end  of  the  delivery-tube  from  touching  the 
water  of  the  jar,  otherwise  it  almost  instantly  becomes  stopped : 
the  mercury  effects  this  object. 

Pure  silica  may  also  be  prepared  by  another  method,  which  is 
very  instructive,  inasmuch  as  it  is  the  basis  of  the  proceeding 
adopted  in  the  analysis  of  all  siliceous  minerals.    Powdered  rock- 
crystal  or  fine  sand  is  mixed  with  about  three  times  its  weight  of 
ciry  sodium  carbonate,  and  the  mixture  fused  in  a  platinum 
cruciiue.  _  When  cold,  the  glassy  mass  is  boiled  with  water,  by 
waicn  it  is  softened,  and  abnost  entirely  dissolved.    An  excess  of 
nyarochlonc  acid  is  then  added  to  the  filtered  liquid,  and  the 
wnoie  evaporated  to  complete  dryness.    By  this  treatment  the 
geia  ii'oiiH  silica  thrown  clown  by  the  acid  becomes  completely 
,'  ,     remains  behind  when  the  dry  saline  muss  is  treated 
vim  acidulated  water,  by  which  the  alkaline  salts,  alumina,  ferric 
«<ie,  lime,  and  many  other  bodies  which  may  happen  to  be 
[JJ°e™i  are  removed.    The  silica  is  washed,  dried,  and  heated  to 

The  most  prominent  characters  of  silica  are  the  following :— It 
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is  a  very  fine,  white,  tasteless  powder,  having  a  density  of  about 
2-66,  fusible  only  by  the  oxy -hydrogen  blow-pipe.  When  once 
dried,  silica  is  not  sensibly  soluble  in  water  or  dilute  acids  (with 
the  exception  of  hydrofluoric  acid).  But  on  adding  hydrochloric 
acid  to  a  very  dilute  solution  of  potassium  silicate,  the  liberated 
silica  remains  in  solution.  From  this  mixed  solution  of  silica  and 
potassium  chloride,  the  latter  may  be  separated  by  diffusion  (comp. 
p.  140),  whereby  a  moderately  concentrated  solution  of  silica  in 
water  is  obtained.  This  solution  has  a  distinctly  acid  reaction :  it 
presents,  however,  but  little  stability.  When  kept  for  some  time, 
it  gelatinises,  the  silica  separating  in  the  insoluble  modification. 
The  same  effect  is  produced  by  the  addition  of  a  few  drops  of 
sulphuric  or  nitric  acid,  or  of  a  solution  of  salt. 

Silica  is  essentially  an  acid  oxide,  forming  salts  with,  basic 
metallic  oxides,  and  decomposing  all  salts  of  volatile  acids  when 
heated  with  them.  In  strong  alkaline  liquids  it  is  freely  soluble. 
When  heated  with  bases,  especially  those  which  are  capable  of 
undergoing  fusion,  it  unites  with  them  and  forms  salts,  which  are 
sometimes  soluble  in  water,  as  in  the  case  of  the  potassium  and 
sodium  silicates,  when  the  proportion  of  base  is  considerable. 
Common  glass  is  a  mixture  of  several  silicates,  in  which  the  reverse 
of  this  happens,  the  silica  being  in  excess.  Even  glass,  however,  is 
slowly  acted  upon  by  water. 

Finely  divided  silica  is  highly  useful  in  the  manufacture  ol 
porcelain. 

Silicium  Hydride,  or  Silicated  Hydrogen,  was  discovered 
by  Buff  and  Wohler,  who  obtained  it  by  passing  an  electric 
current  through  a  solution  of  sodium  chloride,  the  positive  pole 
employed  consisting  of  aluminium  containing  silicium.  More 
recently,  Wohler  and  Martius  produced  this  gas  by  treating  mag- 
nesium containing  silicium  with  hydrochloric  acid.  Both  methods 
yield  silicium  hydride  mixed  with  free  hydrogen.    Fnedel  and 
Ladenburg,  however,  by  a  process  which  will  be  described  further 
on,  have  obtained  it  pure,  and  shown  that  it  consists  of  28  parts 
by  weight  of  silicium  and  4  parts  of  hydrogen,  answering  to  the 
formula  SiH4.     Silicium  hydride  is  a  colourless  gas.    In  the 
impure  state,  as  obtained  by  the  two  processes  above  given,  it  takes 
fire  spontaneously  on  coming  in  contact  with  the  air,  and  burns 
with  a  white  flame,  evolving  clouds  of  silica.  Pure  silicium  hydrides 
however,  does  not  ignite  spontaneously  under  the  ordinary  at1"0" 
spheric  pressure ;  but  on  passing  a  bubble  of  air  into  the  rarefied 
"as  standing  over  mercury,  it  takes  fire,  and  yields  a  deposit  of 
amorphous  silicium  mixed  with  silica.     On  passing  silicium 
hydride  through  a  red-hot  tube,  it  is  decomposed,  silicium  bemg 
deposited. 

Compounds  op  Silicium  and  Chlorine. — Silicium  unit® 
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directly  with  chlorine,  forming  a  tetrachloride,  SiCl4.  This  com- 
pound is  obtained  by  mixing  finely  divided  silica  with  charcoal 
powder  and  oil,  strongly  heating  the  mixture  in  a  covered  crucible, 
and  then  exposing  the  mass  so  obtained,  in  a  porcelain  tube  heated 
to  full  redness,  to  the  action  of  perfectly  dry  chlorine  gas.  A  good 
condensing  arrangement,  supplied  with  ice-cold  water,  must  be 
connected  with  the  porcelain  tube.  The  product  is  a  colourless 
and  very  volatile  liquid,  boiling  at  50°,  of  pungent,  suffocating 
odour.  In  contact  with  water,  it  yields  hydrochloric  acid  and 
gelatinous  silica. 

When  hydrochloric  acid  gas  is  passed  over  crystallised  silicium 
heated  to  a  temperature  below  redness,  a  very  volatile  inflam- 
mable liquid  is  obtained,  which,  when  purified  by  distdlation,  has 
the  composition  of  silicium  hijdrotrichloride,  SiHCl3,  containing  28 
parts  silicium,  1  hydrogen,  and  106-5  chlorine.  This  compound 
is  decomposed  by  water,  forming  a  white  oxygenated  body,  pro- 
bably silicium  hydrotrioxide,  Si2H203,  which  by  prolonged  contact 
with  water  is  further  decomposed,"with  evolution  of  hydrogen  and 
formation  of  silica. 

A  mixture  of  silicium  hydro  trichloride  and  bromine  heated  to 
100°  in  a  closed  vessel  becomes  dark  coloured,  and  is  converted 
into  the  bromotrichloride,  SiBrCl3. 

Silicium  tetrabromide,  SiBr4,  obtained  like  the  tetrachloride, 
resembles  that  compound,  but  is  less  volatile. 

Silicium  Fluoride,  SiF4,  has  been  already  described  (p.  219). 


PHOSPHORUS. 

Atomic  weight,  31 ;  symbol,  P. 

Phosphorus  in  the  state  of  phosphoric  acid  is  contained  in  the 
ancient  vmstratified  rocks  and  in  lavas  of  modern  origin.  As  these 
disintegrate  and  crumble  down  into  fertile  soil,  the  phosphates 
pass  into  the  organism  of  plants,  and  ultimately  into  the  bodies  of 
animals  to  which  the  plants  serve  for  food.  The  earthy 
phosphates  play  a  very  important  part  in  the  structure  of  the 

■""  1  &ame,  by  communicating  stiffness  and  inflexibility  to  flic 

bony  skeleton. 

Phosphorus  was  discovered  in  1669  by  Brandt,  of  Hamburg, 
who  prepared  it  from  urine.  The  following  is  an  outline  of  t  he 
process  now  adopted  :— Thoroughly  calcined  bones  are  reduced  to 
Powder,  and  mixed  with  two-thirds  of  their  weight  of  sulphuric 
diluted  with  a  consideraUe  quantity  of  water:  this  mixture, 
w'er  standing  sonic  hours,  is  filtered,  and  the  nearly  insoluble 
calcium  sulphate  is  washed.  The  liquid  is  then  evaporated  to  a 
Bpupy  consistence,  mixed  with  charcoal  powder,  and  the  desicca 
"""  18  completed  in  an  iron  vessel  exposed  to  a  high  temperature. 
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When  quite  dry,  it  is  transferred  to  a  stoneware  retort  to  which  a 
wide  bent  tube  is  luted,  dipping  a  little  way  into  the  water  con- 
tained in  the  receiver.    A  narrow  tube  serves  to  give  issue_  to  the 

gases,  which  are  conveyed  to  a  chimney. 
Fig.  116.  This  manufacture  is  now  conducted  on 

a  very  large  scale,  the  consumption  of 
phosphorus,  for  the  apparently  trifling 
article  of  instantaneous-light  matches, 
being  something  prodigious. 

Phosphorus,  when  pure,  very  much 
resembles  in    appearance  imperfectly 
bleached  wax,  and  is  soft  and  flexible  at 
common  temperatures.    Its  density  is 
1-77,  and  that  of  its  vapour  4'35,  air 
being  unity,  or  62  referred  to  hydrogen 
as  unity.    It  melts  at  44°,  and  boils  at 
280°.    On  slowly  cooling  melted  phos- 
phorus, well  formed  dodecahedrons  are 
sometimes  obtained.    It  is  insoluble  in 
water,  and  is  usually  kept  immersed  in 
that  liquid,  but  dissolves  in  oil,  in  native  naphtha,  and  especially 
in  carbon  bisulphide.    When  set  on  fire  in  the  air,  it  burns  with 
a  bright  flame,  generating  phosphoric  oxide.     Phosphorus  is 
exceedingly  inflammable ;  it  sometimes  takes  fire  by  the  heat  of 
the  hand,  and  demands  great  care  in  its  management ;  a  blow  or 
hard  rub  will  very  often  kindle  it.    A  stick  of  phosphorus  held 
in  the  air  always  appears  to  emit  a  whitish  smoke,  which  in  the 
dark  is  luminous.    This  effect  is  chiefly  due  to  a  slow  combustion 
which  the  phosphorus  undergoes  by  the  oxygen  of  the  air,  and 
upon  it  depends  one  of  the  methods  employed  for  the  analysis  of 
air,  as  already  described.    It  is  singular  that  the  slow  oxidation  of 
phosphorus  may  be  entirely  prevented  by  the  presence  of  a  small 
quantity  of  defiant  gas,  or  the  vapour  of  ether,  or  some  essential 
oil ;  phosphorus  may  even  be  distilled  in  an  atmosphere  contain- 
ing vapour  of  oil  of  turpentine  in  considerable  quantity.  Neither 
does  the  action  go  on  in  pure  oxygen — at  least,  at  the  temperature? 
of  15-5°,  which  is  very  remarkable ;  but  if  the  gas  be  rarefied,  or 
diluted  with  nitrogen,  hydrogen,  or  carbonic  acid,  oxidation  is  set 
up.    A  very  remarkable  modification  of  this  element  is  known 
by  the  name  of  amorphous  phosphorus.    It  was  discovered 
by  Schrotter,  and  may  be  made  by  exposing  common  phosphorus 
for  fifty  hours  to  a  temperature  of  210°  to  250°,  in  an  atmosphere 
which  is  unable  to  act  chemically  upon  it.    At  this  temperature 
it  becomes  red  and  opaque,  and  insoluble  in  carbon  bisulphide, 
whereby  it  may  be  separated  from  ordinary  phosphorus.    It  may 
be  obtained  in  compact  masses  when  common  phosphorus  is  kept 
for  a  week  at  a  constant  high  temperature.    It  is  a  coherent, 
reddish -brown,  infusible  substance,  of  specific  gravity  between 
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2-089  and  2-106.  It  does  not  become  luminous  in  the  dark  until 
its  temperature  is  raised  to  about  200°,  nor  lias  it  any  tendency  to 
combine  with  the  oxygen  of  the  air.  When  heated  to  260°  it  is 
reconverted  into  ordinary  phosphorus. 

Compounds  of  Phosphorus  and  Oxygen. 

When  phosphorus  is  melted  beneath  the  surface  of  hot  water 
and  a  stream  of  oxygen  gas  forced  upon  it  from  a  bladder,  com- 
bustion ensues,  and  the  phosphorus  is  converted  in  oreat  part  into 
a  brick-red  powder,  which  was  formerly  believed  to  be  a  peculiar 
oxide  of  phosphorus ;  but  Schrotter  has  shown  that  it  is  a  mixture 
consisting  chiefly  of  amorphous  phosphorus. 

There  are  two  definite  oxides  of  phosphorus,  in  which  the 
quantities  of  oxygen  united  with  the  same  quantity  of  phosphorus 
are  to  one  another  as  3  to  5,  viz. :  

Composition  by  weight. 

™      .  .     .  Formula.  Phosphorus.  Oxygen" 

Phosphorus    tnoxide,    or         p  yb 
Phosphorous  oxide,    .     j        "2^3         62        +  48 
Phosphorus  pentoxide,  or  )        _  _ 
Phosphoric  oxide,      .     (        P2°s         62         +  80 


Both  these  are  acid  oxides,  uniting  with  water  and  metallic 
oxides  to  form  salts,  caUed  phosphites  and  phosphates 
respectively  ;  the  hydrogen  salts  being  also  called  phosphorous 
and  phosphoric  acid.  There  is  also  another  bxygen-acid  of 
phosphorus,  containing  a  smaUer  proportion  of  oxygen,  called 
hypophosphorous  acid,  to  which  there  is  no  corresponding 
anhydrous  oxide.  1  G 

Hypophosphorous  Acid,  H3P02.-When  phosphorus  is  boded 
wren  a  solution  of  potash  or  baryta,  water  is  decomposed,  giving 
nae  to  phosphoretted  hydrogen,  phosphoric  acid,  and  hypophos- 
pnorous  acid  ;  the  first  escapes  as  gas,  and  the  two  acids  remain  as 
oariurn  salts : 

p«    +    3BaH202    +    6H20    =    3BaH4(P02)2  .  +  2H3P 

hBayiu.m  Barium  Hydrogen 

nyurate.  hypophosphite.i  phosphide. 

7  1  Ration  the  soluble  hypophosphite  is  separated  from  the 
™8™e  Phosphate.  On  adding  to  the  Liquid  the  quantity  of  sul- 
ar  Si ?25 d  necessary  to  precipitate  the  base,  the  hypophosphorous 
a  svrL  meC-  m  solutlon-  %  evaporation  it  may  be  reduced  to 
■  syrupy  consistence.  The  acid  is  very  prone  to  absorb  more 
safE  1.?  therefore  a  powerful  deoxidising  agent.  AH  its 
salts  are  soluble  in  water. 

ofP^1OSPuOROU8.0xiDE'  P2°3,  is  formed  by  the  slow  combustion 
•'■ospi.onm  in  the  air;  or  by  burning  that  substance  by 
cans  ot  a  very  hunted  supply  of  dry  air,  in  which  case  it  is 
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anhydrous,  and  presents  the  aspect  of  a  white  powder.  Pfcew- 
phoLs  acid,  H3PO3  or  3H2O.P20  is  most  co»veiufintty  preW 
by  adding  water  to  the  trichloride  of  phosphorus  when  mutual 
decomposition  takes  place,  the  oxygen  of  the  water  being  trans- 
ferred to  the  phosphorus,  generating  phosphorous  acid,  and  its 
hydrogen  to  the  chlorine  giving  rise  to  hydrochloric  acid : 

PCI3  +  3H20  =  3HC1  +  H3PO3. 

By  evaporating  the  solution  to  the  consistence  of  syrup,  the  hydro- 
chloric acid  is  expelled,  and  the  residue  crystallises  on  cooling 

Phosphorous  acid  is  very  deliquescent,  and  very  prone  to  attract 
oxygen  and  pass  into  phosphoric  acid  When  heated  m  a  close 
vessel,  it  is  resolved  into  phosphoric  acid  and  pure  phosphoretted 
hydrogen  gas.  It  is  composed  of  110  parts  of  phosphorous  oxide 
and  54  parts  of  water,  or  31  phosphorus,  18  oxygen,  and  3 
hydrogen. 

The  phosphites  are  of  little  importance. 

Phosphoric  Oxide,  P205  (also  called  Anhydrous  Phosphoric 
Acid  or  Phosphoric  Anhydride).- -When  phosphorus  is  burned 
under  a  bell-jar  by  the  aid  of  a  copious  supply  of  dry  air,  snow- 
like phosphoric  oxide  is  produced  in  great  quantity  inis  sud- 
sfcance  exhibits  as  much  attraction  for  water  as  sulphuric  oxide: 
exposed  to  the  air  for  a  few  moments,  it  deliquesces  to  a  liquid, 
ancl  when  thrown  into  water,  combines  with  the  latter  with 
explosive  violence,  and  is  converted  into .  phosphoric  acid,  ine 
water  then  taken  up  cannot  again  be  separated. 

When  nitric  acid  of  moderate  strength  is  heated  m  a  retort  witn 
which  a  receiver  is  connected,  and  fragments  of  phosphorus  are 
added  singly,  taking  care  to  suffer  the  violence  of  the  action  to 
subside  after  each  addition,  the  phosphorus  is  oxidised  to  its  maxi- 
mum, and  converted  into  phosphoric  acid.  By  distilling  on  the 
en-eater  part  of  the  nitric  acid,  transferring  the  residue  111  the  ret  ore 
to  a  platinum  vessel,  and  then  cautiously  raising  the  heat  to  red- 
ness, the  phosphoric  acid  may  be  obtained  pure.  Ihis  is  tne 
glacial  phosphoric  acid  of  the  Pharmacopoeia.  _  _ 

A  third  method  of  preparing  phosphoric  acid  consists  111 taking 
the  acid  calcium  phosphate  produced  by  the  action  of  sulphuric 
acid  on  bone-earth,  precipitating  it  with  a  slight  excess  of  ammonia 
carbonate,  separating  by  a  filter  the  insoluble  calcium-salt,  ancl 
then  evaporating  and  igniting  in  a  platinum  vessel  the  mixed 
phosphate  and  sulphate  of  ammonia.  Phosphoric  acid  alone 
remains  behind.    The  acid  thus  obtained  is  somewhat  impure. 

One  of  the  most  advantageous  methods  of  preparing  pure 
phosphoric  acid  on  the  large  scale,  is  to  burn  phosphorus  in  a 
two-necked  glass  globe  through  which  a  current  ot  dry  air  w 
passed-  in  this  way  the  process  may  be  carried  on  continuously. 
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The  phosphoric  oxide  obtained  may  be  preserved  in  that  state  or 
converted  into  hydrate  or  glacial  acid,  by  addition  of  water  and 
subsequent  fusion  in  a  platinum  vessel. 

Glacial  phosphoric  acid,  or  metaphosphoric  acid,  is  exceed- 
ingly deliquescent,  and  requires  to  be  kept  in  a  closely  stopped 
bottle.  It  contains  142  parts  of  phosphoric  oxide  and  18  parts  of 
water  or  31  phosphorus,  48  oxygen,  and  1  hydrogen,  and  is  repre- 
sented by  the  formula  H2O.P205  or  HP03.  Phosphoric  oxide  like- 
wise unites  with  2  and  3  molecules  of  water,  forming  the  com- 
pounds 2H2O.P205  or  H4P2Or  and  3H,O.P,06  or  H3P04,  called 
respectively  pyrophosphoric  acid  and"  orthophosphoric 
acid.  The  last  is  formed  by  oxidising  phosphorus  with  nitric 
acid,  and  by  the  action  of  water  or  phosphorus  pentachloride : 

PC15  +  4H20  =  5HC1  +  H3P04. 

The  aqueous  solution  evaporated  to  a  thin  syrup,  and  left  over  oil 
of  vitriol,  deposits  orthophosphoric  acid  in  prismatic  crystals 
ihe  same  solution  may  be  heated  to  160°  without  change  in  the 
composition  of  the  acid ;  but  at  213°  it  gives  off  a  molecule  of 
water,  and  is  converted  into  pyrophosphoric  acid ;  and  at  a  red- 
heat  it  gives  off  another  molecule  of  water,  and  leaves  metaphos- 
phoric acid.  Each  of  these  acids  forms  a  distinct  class  of  salts 
exhibiting  reactions  peculiar  to  itself.  They  will  be  described  in 
connection  with  the  general  theory  of  saline  compounds 

Phosphoric  oxide  is  readily  volatilised,  and  may  be  sublimed 
py  the  heat  of  an  ordinary  spirit-lamp.  The  acid  may  be  fused 
m  a  platinum  crucible  at  a  red  heat ;  at  this  temperature,  it  evolves 
considerable  quantities  of  vapour,  but  is  still  far  from  its  boilin" 
point  Phosphoric  acid  is  a  very  powerful  acid  :  being  less  vola- 
hi. sulI*uri.c  a1cid.  il;  exPels  the  latter  at  higher  tempera- 
tures, although  it  is  displaced  by  sulphuric  acid  at  common  tem- 
peratures. Its  solution  has  an  intensely  sour  taste,  and  reddens 
mmus-paper ;  it  is  not  poisonous. 

Compounds  of  Phosphorus  and  Hydrogen. 

Uy!!n^°H^lr  T™™R™-  ~  PhOSPHINE.  -  PHOSPHORETTED 

vcht  I  f  '  3"~ •  V  body  is  analogous  in  some  of  its  chemical 
mX  weakamm0m aCalga8J  ite  alkaline  properties  are,  however, 

MH  £7  be  ??)tained  in  a  8tate  of  Parity  by  heating  phosphorous 
K'  T  '  >l,„  acid  being  then  resolved  into  phospho- 

rated hydrogen  and  phosphoric  acid: 

4H3P03    =    PH3    +  3H3P04. 

Stained,  the  gas  has  a  density  of  1-24.    It  contains  31 
Phosphorus  and  3  parts  hydrogen,  and  is  so  constituted  that 
■  "y  two  volumes  contain  3  volumes  of  hydrogen  and  half  a 
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volume  of  phosphorous  vapour,  condensed  into  twc ,  volumes  It 
has  a  highly  disagreeable  odour  of  garlic,  is  slightly  soluble  m 
water,  ami  burns  with  a  brilliant  white  flame,  forming  water  and 

^pSphOTetted  hydrogen  may  also  be  produced  by  boiling 
together  in  a  retort  of  small  dimensions,  caustic  potash  or  slaked 
lunt  wa'te"  and  phosphorus  :  the  vessel  should  be  filled  to  the  neck 
and  the  extremity  of  the  latter  made  to  dip  into  the  water  of  the 
pneumatic  trough.  In  the  reaction  which  ensues,  the  water  is 
decomposed,  and  both  its  elements  combine  with  the  phosphorus. 

P„  +  3CaH202  +  6H20   =   2PH3  +  3CaH4P204. 
°  „  ,  .  Calcium 

g£E  hypophosphit. 

The  phosphoretted  hydrogen  prepared  by  the  latter  process  has 
the  singular  propertv  of  spontaneous  inflammability  when  admitted 
into  the  air  or  into  oxygen  gas;  with  the  latter  the  experimen 
is  very  beautiful,  but  requires  caution :  the  bubbles  should  be 
admitted  singly.    When  kept  over  water  for  some  time,  the  gas 
loses  this  property,  without  otherwise  Buffering  any  appreciable 
change;  but  if  dried  by  calcium  chloride,  it  may  be  kept  unal- 
tered for  a  much  longer  time.    M.  Paul  Thenard  has  shown  that 
the  spontaneous  combustibility  of  the  gas  arises  from  the  presence 
of  the  vapour  of  a  liquid  hydrogen  phosphide,  PH2,  which  can  be 
procured  in  small  quantity,  by  conveying  the  gas  produced  by  the 
action  of  water  on  calcium  phosphide  through  a  tube  cooled  by  a 
freezing  mixture.   This  substance  forms  a  colourless  liquid  ot  high 
refractfve  power  and  very  great  volatility.    It  does  not  freeze  at 
0°  F  (  - 17-8°  C  )    In  contact  with  air  it  inflames  instantly,  ana 
its  vapour  in  very  small  quantity  communicates  spontaneous 
inflammability  to  pure  phosphoretted  hydrogen,  and  to  all  otner 
combustible  gases.    It  is  decomposed  by  light  into  gaseous  phos- 
phoretted hydrogen,  and  a  solid  phosphide,  P2H,  which  is  often 
seen  on  the  inside  of  jars  containing  gas  which,  by  exposure  to 
liaht,  has  lost  the  property  of  spontaneous  inflammation,  btrong 
acids  occasion  its  instantaneous  decomposition.    It  is  as  unstable 
as  hydrogen  dioxide.  It  is  to  be  observed  that  pure  phosphoretted 
hydrogen  gas  itself  becomes  spontaneously  inflammable  n  heated 
to  the°temperature  of  boiling  water.  ,  ,-m 

Phosphoretted  hydrogen  decomposes  several  metallic  solutions, 
oivin"  rise  to  precipitates  of  insoluble  phosphides.  With  hydn- 
odic  acid  it  forms  a  crystalline  compound,  PH4I,  somewhat  resem- 
bling sal-ammoniac. 

Compounds  of  Phosphorus  with  Chlorine. 
Phosphorus  forms  two  chlorides,  analogous  in  composition  to 
the  oxides,  the  quantities  of  chlorine  combined  with  the  same 
quantity  of  phosphorus  being  in  the  proportion  of  3  to  5. 
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Phosphorus  Trichloride  or  Phosphorous  Chloride  PCI 
is  prepared  in  the  same  manner  as  sulphur  dichloride,  by  gently 
heating  phosphorus  m  dry  chlorine  gas,  the  phosphorus  bein*  in 
excess;  or  bypassing  the  vapour-  of  phosphorus  over  figments 
o  calomel  (mercurous  chloride)  confined  in  a  glass  S  and 
strongly  heated.    It  is  a  thin,  colourless  liquid,  which  fumes  ^n 

aavSv'isTi.  ^  P°Werf?  It-  specific 

gravity  is  1  45.    Thrown  into  water,  it  sinks  to  the  bottom,  and 

:jt^T^^&:vous  acid  and  hydrocldoric 

f.  f TPiH0?DS  P^fCHiORiDB  or  Phosphoric  Chloride,  PCI 
%  fo™ed  when  phosphorus  is  burned  in  excess  of  chlorine  Pieces 

™en  hRed  dry  chlorine  gas.  The  phosphorus  takes  fire 
and  burns  with  a  pale  flame,  fornfing  a  white  volatile  crystalS 

larger  quantity  by  passing  a  stream  of  dry  chlorine  gas  into 
h liquid  trichloride,  which  becomes  gradually  converted  S  o 
Po  eel  bvCI7wS?r  "I T    Pt°^orus  Pentachforide  is  d  c"m- 
PC? +\^,5fa^^hQric  aM  Vdrochloric  acids: 

hv^MH0RUS-i°X\CHL0RIDE'  P0C13-  is  Produced,  together  with 
fctiwS  ^  Ph0SPhOTUS  Pentachloride'is  heat  1  S 

u  tior  nR  °^  a"aIog°u«  composition  is  produced  by  the 

TOSrs^  ^rachloride  jt  is  a  c^ 

^o^SeS^^  m  °^r°^  and  a  sulphobromide, 

-iSSraiffi'JK  *T  ****  and  PI3"  Both  are 
»'iH..Iphirl€  and  iXP  ??phvUS^n<1  lodjne  to£ether  hl  carbon 
WluS^i.S^A.^  fil1  clT«ta]s  are  deposited 
these  tw  ,  S™T  f  lodme  and  Phosphorus  may  be  used, 
,,hJ,(.r  v  ]  out,ds  alvvays  crystallise  out,  mixed  with  excess 
Th,  /  01  °f  Phosphorus. 

""  Ooolmcrfn  ii Ti  r    *  trYiod/lde  mdts  at  55°,  and  crystallises 
J(J""K  a  well-defined  prisms.    Both  are  decomposed  hy  water 
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yielding  hydriodio  and  phosphorous  acids,  the  di-iodide  also 
depositing  yellow  flakes  of  phosphorus. 

Compounds  of  Phosphorus  with  Sulphur  and  Selenium. 
Sulphides  —When  ordinary  phosphorus  and  sulphur  are  heated 
toS™  the  £y  state,  or  milted  together  under  water  com- 
togetnei  m  in      j        ,  combustion,  and  often 

reaction  is  not  explosive,  though  still  very  rapid. 

Six  impounds  of  sulphur  and  phosphorus  have  been  prepared, 
conSidng^he  following proportions  of  sulphur-  and  phosphorus:- 

Composition  by  weight. 


Phosphorus.  Sulphur. 

Hemisulphide,  P4S,       .  .  .    81  +  J 

Monosulphide,  P2S,       .  .  •  +  ^ 

Sesquisulphide,  P4S3,  •    al  - 

Trisvdphide,  P2S3,         .  ■  •    g  +  fQ 

Pentasulphide,  PaS„      .  ■  ■    fi  +  »« 

Dodecasulphide,  P„S12,  .  ■  .31+1^ 

The  fourth  and  fifth  are  analogous  to  phosphorous  and  Phosphoric 
oxides  respectively ;  the  others  have  no  known  analogues  in  the 
o™  series Tney  may  all  be  formed  by  heating  the  two  bodies 
tojefhei  m  the  required  proportions ;  but  the  Wgude  and 
pentasulphide  are  more  easily  prepared  by  warming  he  no  no- 
sulphide  with  additional  proportions  of  sulphur  Moreover  the 
two  lower  sulphides  exhibit  isomeric  modifications  each  being 
capable  of  existing  as  a  colourless  liquid  and  as  a  red  solid  _  L  he 
mono-,  tri-,  and  pentasulphides  of  phosphorus  unite  with  metallic 
sulphides,  forming  sulphur  salts. 

The  copper  salts  have  the  following  composition  :— 

Hyposulphosphite.  CuS.P2S  =  CuP2S2. 
Sulphophosphite,  CuS.P2S3  =  CuP.,b4. 
Sulphophosphate,    CuS.P2S5    =  CuP2S6. 

Selenides  op  Phosphorus,  analogous  in  composition  to  the 
first,  second,  fourth,  and  fifth  of  the  sulphides  above  mentioned, 
are  produced  by  heating  ordinary  phosphorus  and  selei num  to- 
gether in  the  required  proportions  in  a  stream  of  hydrogen  gas. 
The  hemiselenide  is  a  dark  yellow,  oily,  fetid  liquid,  sohdiiymg 
at  12° •  the  other  compounds  are  dark  red  solids,  ihe  mono-,  ui  . 
andpentaselenides  unite  with  metallic  selenides,  forming  selenrum- 
salts  analogous  to  the  sulphur-salts  above  mentioned. 
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THE  GENERAL  PRINCIPLES  OF  CHEMICAL 
PHILOSOPHY. 

Before  proceeding  further  with  the  study  of  individual  com- 
pounds it  is  necessary  to  enter  more  fully  into  the  consideration 
of  certain  general  laws  of  chemical  combination  and  decomposition, 
a  sketch  of  which  has  already  been  given  in  the  chapter  on  Oxygen 
(pp.  115-120).  The  study  of  these  laws  will  be  greatly  facilitated 
by  the  special  instances  of  their  application  detailed  in  the  pre- 
ceding pages. 

(1.)  Laiv  of  Multiples— This  law  may  be  thus  stated: — If  two 
elements,  A  and  B,  are  capable  of  uniting  in  several  proportions, 
the  quantities  of  B  which  unite  with  a  given  quantity  of  A,  usually 
bear  a  simple  relation  to  one  another,  such  as : — 

A  +  B,      A  +  2B,      A  +  3B,      A  +  4B,  &c. ; 
or,  2A  +  3B,       2A  +  5B,       2A  +  7B,  &c. ; 
or,  A    +  B,         A  4-  3B,        A  +  5B,  &c. 

Numerous  examples  of  this  law  are  afforded  by  the  compounds 
of  the  non-metallic  elements  one  with  the  other ;  as,  for  example, 
the  oxides  of  hydrogen,  nitrogen,  carbon,  chlorine,  sulphur,  and 
phosphorus,  the  chlorides  of  phosphorus,  &c. ;  and  still  more  nume- 
rous examples  will  be  met  with,  in  treating  of  the  compounds  of 
metals  with  non-metallic  elements. 

It  must  be  observed,  however,  that  more  complex  relations  are 
hy  no  means  unfrequent.  The  compounds  of  carbon  and  hydrogen, 
ior  example,  are  very  numerous ;  and  on  comparing  together  the 
quantities  of  hydrogen  H,  which  unite  with  a  fixed  quantity  of 
carbon  C,  we  meet  with  such  relations  as  5C  +  17H,  7C  -f-  16'H, 
11L  +  24H,  15C  +  32H,  &c.  In  short,  the  simple  relations 
aoove  mentioned  must  be  looked  upon  merely  as  particular  in- 
stances of  a  large  number  of  possible  relations,  although  they 
nappen  to  hold  good  with  reference  to  a  considerable  number  of 
""l">rtant  compounds. 

(2.)  Law  of  Equivalents— -If  a  body  A  unites  with  certain  other 
nodies  B,  C,  D,  then  the  <|uantities  B,  C,  D,  which  combine  with 
A,  or  certain  simple  multiples  of  them,  represent  for  the  most 
part  the  proportions  in  which  they  can  unite  amongst  themselves. 
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For  example,  8  parts  by  weight  of  oxygen  are  known  to  unite 
with  the  following  quantities  of  hydrogen,  nitrogen,  &c.  :— 


Oxygen  . 

Hydrogen 

Nitrogen  . 

Carbon  . 

Sulphur  . 

Phosphorus 

Chlorine  . 

Iodine 

Potassium 

Iron 

Copper 

Lead 

Silver  . 


1 

14 

6 
8 

10|  or 

35-5 

25*  or 

39 

28 

31-7 
103-5 
108 


&e. 


And  it  is  found,  moreover,  that  hydrogen  and  chlorine  combine  m 
the  proportions  1  to  35-5 ;  hydrogen  and  sulphur,  1  to  2  X  8  ; 
chlorine  and  silver,  35-5  to  108 ;  iodine  and  potassium,  127  parts 
of  the  former  to  39  of  the  latter,  &c. ;  phosphorus  and  chlorine,  31 
parts  of  the  former  to  3  X  35-5  and  5  X  35  5  of  the  latter,  &c. 

Now,  on  comparing  the  relative  quantities  of  the  elements  con- 
tained in  all  known  chemical  compounds,  it  is  found: — 1.  That 
there  is  a  certain  number  of  elements  which  combine  with  one 
another  in  one  proportion  only.  2.  That  by  far  the  greater  num- 
ber of  elements  are  capable  of  uniting  in  two  or  more  proportions. 
The  elements  of  the  former  class  may  be  conveniently  called 
monogens,  those  of  the  latter  polygens* 

Hydrogen  and  chlorine  unite  in  the  proportion  of  1  part,  by 
weight,  of  the  former,  to  35-5  parts  of  the  latter,  and  in  no  other. 
The  same  quantity  of  chlorine  combines  with  391  parts  of  potas- 
sium, 23  of  sodium,  and  108  of  silver.  These  several  quantities 
of  sodium,  potassium,  and  silver,  are  capable  of  saturating  the 
same  quantity  of  chlorine  that  is  saturated  by  1  part  of  hydrogen. 
They  are,  therefore,  in  this  respect,  equivalent  to  1  part  by 
weight  of  hydrogen  and  to  each  other.  They  may,  in  fact,  be 
made  directly  to  replace  one  another  in  combination  with  chlorine. 
Thus,  when  sodium  or  potassium  is  heated  in  hydrochloric  acid 
gas,  hydrogen  is  set  free,  and  sodium  or  potassium  chloride  is  formed, 
23  parts  of  sodium  or  391  parts  of  potassium  always  taking  the 
place  of  1  part  of  hydrogen.  Again,  when  a  solution  of  sodium 
chloride  is  mixed  with  silver  nitrate,  the  sodium  and  silver  changf 
places,  forming  a  solution  of  sodium  nitrate  and  a.  precipitate  ol 
silver  chloride ;  and  in  this  case  108  parts  of  silver  take  the  place 
of  23  parts  of  sodium.    The  above-mentioned  quantities  of  hydro- 

*.  Erleume yer,  Lehrbuch  der  organischen  Chemie. 
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gen,  chlorine,  sodium,  potassium,  and  silver,  are  therefore  called 
equivalent  weights. 

There  are  a  few  other  monogenic  elements,  the  names  and  equi- 
valent weights  of  which  are  given,  together  with  the  preceding,  in 
the  following  table : — 


Hydrogen 

1 

Potassium, 

.  39-1 

Chlorine, 

.  35-5 

Sodium,  . 

.  23 

Bromine, 

80 

Lithium,  . 

.  7 

Fluorine, 

19 

Csesiuni,  . 

.  133 

Silver, 

.  108 

Eubidium, 

.  85-4 

All  other  elements  are  polygenic,  uniting  with  the  monogens 
and  with  one  another  in  more  than  one  proportion.  With  regard 
to  these  elements,  the  question  of  equivalence  appears  at  first  to  be 
somewhat  ^determinate ;  in  fact,  according  to  the  idea  of  equiva- 
lency above  defined,  the  equivalent  value  of  a  polygenic  element 
must  vary  according  to  the  proportions  in  which  it  unites  with 
others.  Thus  iron  forms  two  chlorides,  containing  28  and  18|  parts 
of  iron  to  35-5  parts  of  chlorine.  Either  of  these  quantities  of 
iron  may  therefore  be  regarded  as  equivalent  to  one  part  of  hydro- 
gen ;  in  other  words,  as  the  equivalent  weight  of  iron.  Again,  1 
part  of  hydrogen  unites  with  8  parts  of  oxygen  to  form  water,  and 
with  16  parts  to  form  hydrogen  dioxide.  Which  of  these  is  the 
equivalent  weight  of  oxygen )  The  former  number  has  perhaps 
the  best  right  to  be  so  regarded,  because  water  is  a  more  stable 
compound  than  hydrogen-dioxide,  and,  moreover,  8  parts  by  weight 
of  oxygen  frequently  take  the  place  of  1  part  of  hydrogen  in  pro- 
cesses of  oxidation,  as  when  alcohol,  a  compound  of  12  parts  car- 
bon, 3  hydrogen,  and  8  oxygen,  is  oxidised  to  acetic  acid,  contain- 
ing 12  parts  carbon,  2  hydrogen,  and  16  oxygen.  But  what  num- 
ber shall  we  fix  upon  as  the  equivalent  of  nitrogen?  This  element 
forms  only  one  compound  with  hydrogen,  namely,  ammonia,  which 
contains  14  parts  of  nitrogen  to  3  of  hydrogen,  or  4§  nitrogen  to  1 
hydrogen.  Accordingly,  the  equivalent  weight  of  nitrogen  appears 
"  be  4|,  and,  in  fact,  this  quantity  of  nitrogen' can  be  made  to  take 
the  place  of  ]  part  of  hydrogen  in  many  organic  compounds.  But 
J  we  look  to  the  compounds  of  nitrogen  with  oxygen,  we  find  that 
these  elements  unite  in  five  different  proportions,  8  parts  of  oxygen 
Which  we  have  scon  to  be  in  most  cases  equivalent- to  1  part  of 
"y'liy-.  n)  uniting  with  14,  7,  V,  h  or  V  parts  of  nitrogen,  either 
01  which  numbers  may  therefore  be  regarded  as  equivalent  to 

part  oi  hydrogen.  Lastly,  with  regard  to  carbon,  the  problem 
appears  still  move  indefinite,  inasmuch  as  that  element  forms  with 
ny<lr<.g,.n  a  very  large  number  of  compounds,  and  appears  to  be 
capable  nl  uniting  with  it  in  almost  any  proportion. 
.  We  may,  how, 'voi',  obtain  a  sot  of  comparable  values  by  assum- 
ing as  the  cpiivaieni  weight  of  each  polygenic  element,  the  smallest 


232       GENERAL  PRINCIPLES  OF  CHEMICAL  PHILOSOPHY. 


quantity  of  it  which  unites  with  one  part  of  hydrogen,  or  with 
35-5  of  chlorine,  or  generally  with  the  equivalent  weight  of  any 
monogenic  element.  Thus,  of  all  the  compounds  of  hydrogen  and 
carbon,  marsh  gas,  or  methane,  which  is  composed  of  12  parts 
carbon  to  4  hydrogen,  or  3  parts  carbon  to  1  hydrogen,  contains  the 
largest  quantity  of  hydrogen  in  proportion  to  the  carbon  ;  m  other 
words,  3  parts  of  carbon  is  the  smallest  quantity  that  can  unite  with 
1  part  of  hydrogen.  This,  then,  we  shall  regard  as  the  equivalent 
weight  of  carbon ;  and  by  similar  considerations  the  equivalent 
weight  of  oxygen  will  be  found  to  be  8,  that  of  sulphur  16,  of 
nitrogen  4f  or  V,  of  phosphorus  V  or  6i,  of  iron  18§,  of  lead 
103-5°  &c. 

Atomic  Weights.— Let  us  now  compare  the  hydrogen  com- 
pounds of  monogenic  and  polygenic  elements,  with  regard  to  the 
manner  in  which  the  hydrogen  contained  in  them  may  be  replaced 
by  other  elements.  Compare  first  hydrochloric  acid  and  water. 
When  hydrochloric  acid  is  acted  upon  by  certain  metals,  as  sodium, 
zinc,  or  magnesium,  the  whole  of  the  hydrogen  is  expelled,  and  the 
chlorine  enters  into  combination  with  an  equivalent  quantity  of 
the  metal ;  thus  36"5  parts  hydrochloric  acid  (=  1  part  hydrogen 
+  35-5  chlorine)  and  23  sodium  yield  1  part  of  free  hydrogen  and 
23  +  35-5  (=  58-5)  sodium  chloride ;  there  is  no  such  thing  as  the 
expulsion  of  fart  of  the  hydrogen,  or  the  formation  of  a  compound 
containing  both  hydrogen  and  metal  in  combination  with  the 
chlorine. 

With  water,  however,  the  case  is  different.  When  sodium  is 
thrown  upon  water,  9  parts  of  that  compound  (=  1  hydrogen  + 
8  oxygen)  are  decomposed,  in  such  a  manner  that  half  of  the  hydro- 
gen is  expelled  by  an  equivalent  quantity  of  sodium,  — ,  and 
sodium  hydrate  is  formed,  containing — 

Sodium.  Hydrogen.  Oxygen. 

2^2 

This  compound  remains  in  the  solid  state  when  the  liquid  is 
evaporated  to  dryness  ;  and  if  it  be  further  heated  in  a  tube  with 
sodium,  the  remaining  half  of  the  hydrogen  is  driven  off,  and 
anhydrous  sodium-oxide  remains,  composed  of  23  parts  sodium  + 
8  oxygen.  ,   .  . 

Water  differs,  therefore,  from  hydrochloric  acid  m  tins  respect, 
that  its  hydrogen  may  be  replaced  by  a  monogenic  metal  in  two 
equal  portions,  yielding  successively  a  hydrate  and  an  anhydrous 
oxide,  the  relations  of  which  to  the  original  compound  may  be  thus 
represented : — 
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Water.  Sodium-hydrate.  Sodium-oxide. 
 K  .       .  a.  .   k.  


Hydrogen.       Ox.      Hyd.     Sod.         Ox.  Sodium.  Ox. 

+     +  a    G+f)  +  B         +       +  S; 

or,  multiplying  by  2,  to  avoid  fractions  of  equivalent  weights — 

Water.                      Sodium-hydrate.  Sodium-oxide. 
,  *  *       ,  K  .       .  *  


Hydrogen.         Ox.       Hyd.       Sod.  Ox.         Sodium.  Ox. 

(1  +  1)   +   16      (1   +   23)    +   16      (23  +  23)   +  16. 

It  appears  from  this  that  2  X  8,  or  16  parts  of  oxygen,  is  the 
smallest  quantity  of  oxygen  that  can  be  supposed  to  enter  into  the 
reaction  just  considered,  if  we  would  avoid  speaking  of  fractions 
of  equivalents ;  and  we  shall  find  hereafter  that  the  same  is  true 
with  regard  to  all  other  well-defined  reactions  in  which  oxygen 
takes  part.  Hence  this  quantity  of  oxygen,  16  parts  by  weight 
(hydrogen  being  the  unit),  is  called  an  indivisible  weight,  or 
atomic  weight,  or  an  atom  of  oxygen.* 

_  Let  us  now  consider  the  hydrogen-compound  of  nitrogen,  that 
is  to  say,  ammonia.  This  is  composed  of  1  part  of  hydrogen 
united  with  4§  or  V  of  nitrogen.  Now  in  this  compound  the 
hydrogen  is  replaceable  by  thirds.  When  potassium  is  heated  in 
ammonia  gas,  a  compound  called  potassamine  is  formed,  in 
which  one- third  of  the  hydrogen  is  replaced  by  potassium.  Another 
compound,  called  tri -potassamine,  is  also  known,  consisting  of 
ammonia  in  which  the  whole  of  the  hydrogen  is  replaced  by  an 
equivalent  quantity  of  potassium : — 

Nit.  Hydrogen.        Nit.  Hydrogen. 

Ammonia,     .     2|  +  2  +  *  +  *  0r  14  +  1  +  1  +  1 

Nit.      Hydrogen.     Pot.      Nit.       Hydrogen.  Pot. 

Potassamine,  .     ^  +  |  +  *  +|!  0r  14  +  1  +  1  +  39 

Nit.  Potassium.  Nit.  Potassium. 

Tripotassamine,   ^  +  ~+^+~  or  14  +  39  +  39  +  39 

fhere  is  also  a  large  class  of  compounds  derived  from  ammonia 
n  ike  manner  by  the  replacement  of  J,  f,  or  the  whole  of  the 
parogen  by  equivalent  quantities  of  certain  croups  of  elements 
Wed  compound  radicals  (see  page  251).     Hence,  by  reasoning 
?W  that  which  was  above  applied  towater.it  is  inferred 

ac  ammonia  is  composed  of  14  parts  by  weight,  or  3  equivalents, 

"Ato/ios,  indivisible. 
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of  nitrogen  combined  with  3  parts  or  3  equivalents  of  hydrogen, 
and  that  the  atomic  weight  of  nitrogen  is  14. 

Next  take  the  case  of  marsh  gas  or  methane,  a  compound  oi  1  part 
hydrogen  with  3  parts  carbon.  When  this  gas  is  mixed  with 
chlorine,  and  exposed  to  diffused  daylight,  a  new  compound  is 
formed,  in  which  one-fourth  of  the  hydrogen  belonging  to  the 
marsh  gas  is  replaced  by  an  equivalent  quantity  ot  chlorine  ;  and 
if  the  chlorine  is  in  excess,  and  the  mixture  exposed  to  sunshine, 
three  other  compounds  are  formed,  in  which  one-half,  three-fourths, 
and  all  the  hydrogen,  are  thus  replaced.  The  results  may  be  thus 
expressed : — 

Methane. 

Carbon.          Hydrogen.  Carbon.  Hydrogen. 
 \- 


3  +  l  +  i  +  l  +  ior    12  +  1  +  1  +  1  +  1 

Chloromethane. 
Carbon       Hydrogen.      Chlorine.    Carbon.       Hydrogen.  Chlorine. 

,  -»  ,  >  *  

3  +  l  +  \  +  \  +  ^  or  12  +  1  +  1+1+35-5 

Dichloromethane. 
Carbon.  Hydrogen.         Chlorine.         Carbon.   Hydrogen.  Chlorine. 

3  +  \  +  \  +  ~+^  or  12  +  1  +  1  +  35-5  +  35-5 

Trichloromethane  or  Chloroform. 
Carbon.  Hyd.  Chlorine.  Carb.  Hyd.  Chlorine. 


3  +  l+  3|^+3^  +  3^or12  +  l  +  35-5  +  35-5  +  35"5 

Tetrachloromethane. 
Carbon.  Chlorine.  Carbon.  Chlorine. 


3  +^+^+^  +  ^orl2  +  35-5  +  35-5  +  35-5+35-5 

Hence,  by  reasoning  similar  to  the  above,  it  is  inferred  that 
marsh  gas  is  composed  of  12  parts  by  weight,  or  4  equivalents  ol 
carbon,  and  4  parts,  or  4  equivalents  of  hydrogen,  and  that  the 
atomic  weight  of  carbon  is  12.  -it 

According  to  the  preceding  explanations,  the  equivalent 
weight  of  a  polygenic  element  is  the  smallest  quantity  of  it  that 
can  unite  with  an  equivalent  of  a  monogenic  element,  that  is,  with 
1  part  of  hydrogen,  35-5  parts  of  chlorine,  &c. ;  and  the  atomic 
weight  or  atom,  is  the  smallest  quantity  of  an  element  that  can 
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unite  with  others  without  introducing  fractions  of  equivalents.  In 
the  case  of  a  monogenic  element,  the  atomic  and  equivalent  weights 
are  identical,  but  the  atomic  weight  of  a  polygenic  element  is 
always  greater  than  the  equivalent  weight  in  the  ratio  of  1  to  2 
3,  4,  &c. 

We  have  shown  in  three  cases  how  the  atomic  weight  of  an 
element  may  be  determined  by  the  proportion  in  which  equivalent 
substitution  takes  place  in  its  compounds  with  hydrogen  or  other 
monogenic  elements.  Sulphur,  selenium,  and  tellurium,  form 
hydrogen  compounds  exactly  analogous  in  this  respect  to  water, 
the  hydrogen  being  replaceable  by  halves ;  their  atomic  weights 
are  therefore  double  of  their  equivalent  weights.  Silicon  forms 
with  chlorine  a  compound  containing  7  parts  silicon  with  35-5 
parts  chlorine ;  and  in  this  one-fourth  of  the  chlorine  is  replace- 
able by  hydrogen  or  by  bromine  :  hence  the  atomic  weight  of 
silicon  is,  like  that  of  carbon,  equal  to  four  times  the  eqiuvalent 
weight,  its  numerical  value  being  28.  There  are  also  some  elements 
in  which  the  atomic  weight  is  equal  to  five  times,  and  others  in 
which  it  is  equal  to  six  times,  the  equivalent  weight :  higher  ratios 
nave  not  been  observed. 

It  must  not  be  supposed  that  the  atomic  weights  of  elementary 
bodies  are  always  actually  determined  in  the  manner  above  de- 
scribed. There  are  several  other  methods  of  detenninino-  their 
numerical  values,  as  will  be  presently  explained;  and  the  "values 
obtained  by  different  methods  do  not  always  agree ;  but  the  atomic 
weights  of  all  the  more  important  elements  may  be  regarded  as 
clehmtely  fixed  within  small  numerical  errors.  The  equivalent 
value  of  an  element,  or  the  ratio  of  the  equivalent  to  the  atomic 
weight  is  also  subject  to  some  variation,  as  will  be  presently  ex- 
plained according  to  the  view  which  may  be  taken  of  the  consti- 
tution oi  particular  compounds. 

The  Values  of  the  atomic  weights  on  which  chemists  are  now 
tor  the  most  part,  agreed,  are  given  in  the  table  on  page  108. 

Physical  and  Chemical  Relations  of  Atomic  Weights. 

We  have  hitherto  regarded  the  atomic  weights  of  the  elements 
us  mere  numerical  expressions,  or  as  quantities  adopted  to  represent 
;  '  ■••imposition  of  compounds  without  introducing  fractions  of 
wp  valents    If  this  were  all  that  could  be  said  about  them,  they 

1111,1  not  be  ot  much  importance.    We  shall  see,  however,  that 

™«e  same  quantities  exhibit  some  remarkable  relations  to  the 

'al.  I,,'*'l",rt,es  °rthe  elements,  and  to  the  proportions  in  which 
atey  unite  by  volume.  1  1 

J-  To  the  Specific  Beats  of  the  Elementary  Bodies— Dulong  and 
eur  i„  i  he  course  oi  their  investigations  on  specific  heat,  observed 
»  most  remarkable  circumstance.    If  the  specific  heats  of  bodies  be 
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computed  upon  equal  weights,  numbers  are  obtained  all  different 
and  exhibiting  no  simple  relations  amongst  themselves;  but  it, 
instead  of  equal  weights,  quantities  be  taken  m  the  proportion 
of  the  atomic  weights,  the  resulting  specific  heats  come  out  very 
nearly  equal,  at  least  in  the  case  of  sobd  and  liquid  elements 
showing  that  some  exceedingly  intimate  connection  must  exist 
between  the  relation  of  bodies  to  heat,  and  then  chemical  nat  ure. 

In  the  following  table,  the  solid  and  liquid  elementary  bodies  are 
arranged  in  the  order  of  their  specific  heats  as  determined  by  Reg- 
nault?  beginning  with  those  whose  specific  heat  is  the  greatest ;  and 
this  order,  it  will  be  observed,  is  the  inverse  of  that  of  the  atomic 
weights  in  the  third  column : — 

Specific  Heats  of  Elementary  Bodies. 


Elements. 


liquid, 
solid, 


Lithium, 
Sodium, 
Aluminium, 

Phosphorus 

Sulphur, 
Potassium, 
Iron, 
Nickel, 
Cobalt,  . 
Copper, 
Zinc, 
Arsenic, 
Selenium, 
Bromine  (solid), 
Palladium, 
Silver,  . 
Cadmium, 
Indium, 
Tin, 

Antimony, 
Iodine,  . 
Tellurium, 
Gold,  . 
Platinum, 

I  solid, 
Mercury  j  liqui,L 

Thallium, 

Lead, 

Bismuth, 


Specific  Heat 

(that  of 
Water  =  1). 


0-9408 

0-2934 

0-2143 

0-2120 

0-1887 

0-2026 

0-1696 

0-1138 

0-1086 

0-1070 

0-0952 

0-0956 

0-0814 

0-0762 

0-0843 

0-0593 

0-0570 

0-0567 

0-0570 

0-0562 

0-0508 

0-0541 

0-0474 

0-0324 

0-0311 

0-0319 

0-0333 

0-0335 

0-0314 

0-0308 


Atomic 
Weights. 


7 

23 
27-4 

31 

32 

39 

56 

58-8 

58-8 

63-4 

65-2 

75 

79-4 

80 

106-6 

108 

112 

113-4 

118 

122 

127 

128 

197 

197-4 

200 

204 
207 
210 


Product  of 
Sp.  Heat  X 
At.  Weight. 


6-59 
6-75 

5-  89 

6-  57 

5-  85 

6-  48 
661 
6-37 
637 
628 
6-04 
624 
6-10 
6-02 
675 
6-31 
6-16 
6-35 
646 
6-63 
6-19 
6-87 
6  06 
6-38 
6-15 
6-38 
6-66 
6-83 
6-50 
6-48 
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A  comparison  of  the  numbers  in  the  fourth  column  of  this  table 
shows  that  for  a  considerable  number  of  elementary  bodies  in  the 
solid  state  the  specific  heats  are  very  nearly  proportional  to  the 
atomic  weights,  so  that  the  products  of  the  specific  heats  of  the 
elements  into  their  atomic  weights  give  nearly  a  constant  quantity, 
the  mean  value  being  6-4.  This  quantity  may  be  taken  to  repre- 
sent the  atomic  heat  of  the  several  elements  in  the  solid  state,  or 
the  quantity  of  heat  which  must  be  imparted  to  or  removed  from 
atomic  proportions  of  the  several  elements,  in  order  to  produce 
equal  variations  of  temperature. 

This  law  must  not,  however,  be  understood  as  perfectly  general, 
for  there  are  three  elements,  namely,  carbon,  boron,  and  silicon, 
which  exhibit  decided  exceptions  to  it,  as  shown  by  the  following 
numbers : — 


Elements. 


Boron,  crystallised, 

(  wood  charcoal, 
Carbon    <  graphite, 

(  diamond, 
Silicon  \  crystallised,  . 
(  fused, 


Specific  Heat. 


0-2500 
0-2415 
0-2008 
0-1469 
0-1774 
0-1750 


Atomic 
Weights. 


11 

12 


(  12  J 


28 


Product  of 
Sp.  Heat  x 
At.  Weight. 


2-75 
2-90 
2-41 
1-76 
4-97 
4-70 


Nevertheless,  in  case  of  doubt  as  to  the  determination  of  the 
atomic  weight  of  an  element  according  to  its  mode  of  combination, 
the  agreement  of  the  value  thus  obtained  with  the  value  determined 
according  to  the  specific  heat,  is  generally  regarded  as  affording 
strong  evidence  in  favour  of  the  result. 

The  specific  heats  and  molecular  weights  of  similarly  constituted 
compounds  exhibit,  for  the  most  part,  the  same  relation  as  that 
much  is  observed  between  the  specific  heats  and  atomic  weights 
oi  the  elements.  ° 

2.  To  the  Crystalline  Forms  of  Compounds.— It  is  found  that,  in 
many  cases,  two  or  more  compounds  which,  from  chemical  con- 
izations, are  supposed  to  contain  equal  numbers  of  atoms  of 

aeir  respective  elements,  crystallise  in  the  sa  >r  in  very  simi- 

ai  iorms.  Such  compounds  are  said  to  be  isomorphous*  Thus 
™e  sulphates  represented  by  the  general  formula,  M.„S04  (M 
ueiioting  a  monogenic  metal),  are  isomorphous  with  the  orate- 
T  Tl(;"ate8>  M2Se04;  the  phosphates,  M,PO„,  are  isonior- 
P*oua  mfi>  "<■'  corresponding  arsenates,  M8AsD4,  &c! 
Accordingly,  these  isomorphous  relations  arc  often  appealed  to 
*  "I-tos,  equal  ;  finpcj),',,  form. 
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for  the  purpose  of  fixing  the  constitution  of  compounds,  and 
thence  deducing  the  atomic  weights  of  their  elements,  in  cases 
which  would  otherwise  he  doubtful.  Thus  aluminium  forms  only 
one  oxide,  viz.,  alivmina,  which  is  composed  of  18-3  parts  by  weight 
of  aluminium  and  16  parts  of  oxygen.  What,  then,  is  the  atomic 
weight  of  aluminium  1  The  answer  to  this  question  will  depend 
upon  the  constitution  assigned  to  alumina,  whether  it  is  a  mon- 
oxide, sesquioxide,  dioxide,  &c.    Thus : — 

0. 

Monoxide      .    A10       =    16  4- 

Sesquioxide    .    A1203     =    48  + 

Dioxide  .  .  A102  =  32  + 
Trioxide        .    A103      =    48  4- 

The  numbers  in  the  last  column  of  this  table  are  the  weights 
which  must  be  assigned  to  the  atom  of  aluminium,  according  to 
the  several  modes  of  constitution  indicated  in  the  first  column ; 
but  there  is  nothing  in  the  constitution  of  the  oxide  itself  that  can 
enable  us  to  decide  between  them.  Now,  iron  forms  two  oxides, 
in  which  the  quantities  of  oxygen  united  with  the  same  quantity 
of  iron  are  to  one  another  as  1  :  lj,  or  as  2  :  3.  These  are  there- 
fore regarded  as  monoxide,  FeO,  and  sesquioxide,  Fe203,  and  this 
last  oxide  is  known  to  be  isomorphous  with  alumina.  Con- 
sequently alumina  is  also  regarded  as  a  sesquioxide,  A1203,  and 
the  atomic  weight  of  aluminium  is  inferred  to  be  27 -4. 

3.  To  the  Volume-relations  of  Elements  and  Compounds— The 
atomic  weights  of  those  elements  which  are  known  to  exist  in  the 
state  of  gas  or  vapour  are,  with  one  or  two  exceptions,  proportional 
to  their  specific  gravities  in  the  same  state.  Taking  the  specific 
gravity  of  hydrogen  as  unity,  those  of  the  following  gases  and 
vapours  are  expressed  by  numbers  identical  with  their  atomic 
weights : — 

Hydrogen   1 

Chlorine   35 -5 

Bromine   80 

Iodine   127 

The  exceptions  to  this  rule  are  exhibited  by  plwsplwrus  and 
arsenic,  whose  vapour-densities  are  twice  as  great  as  their  atomic 
weights,  that  of  phosphorus  being  62,  and  that  of  arsenic  150 ; 
and  by  mercury  and  cadmium,  whose  vapour-densities  are  the 
halves  of  their  atomic  weights,  that  of  mercury  being  100,  and 
that  of  cadmium  56. 


AL 
18-3 
j  27-4 
\  27-4 
36-6 
54-8 


Oxygen   i° 

Sulphur   32 

Selenium   79 

Tellurium   128 
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Laws  of  Combination  by  Volume. — From  the  preceding 
relations  it  follows,  that  the  volumes  of  any  two  elementary  gases 
which  make  up  a  compound  molecule,  are  to  one  another  in  the 
same  ratio  as  the  numbers  of  atoms  of  the  same  elements  which 
enter  into  the  compound,  excepting  in  the  case  of  phosphorus  and 
arsenic,  for  which  the  number  of  volumes  thus  determined  has  to 
be  halved,  and  of  mercury  and  cadmium,  for  which  it  must  be 
doubled ;  thus  : — 

The  molecule  HC1    contains    1  vol.  H  and  1  vol.  CL 
H20        „        2  „    H    „   1   „  0. 
H3N       „        3  „    H    „   1   „  N. 

I      -   H*p   ■{«!:  i:f;5: 
»    <v  -  lore §   f it 

CLHg"    „        2  „    CI  „  2  „  Hg. 

If  the  smallest  volume  of  a  gaseous  element  that  can  enter  into 
combination  be  called  the  combining  volume  of  that  element,  the 
law  of  combination  may  be  expressed  as  follows : — TJie  combining 
volumes  of  all  elementary  gases  are  equal,  excepting  those  of  phosphorus 
and  arsenic,  which  are  only  half  those  of  the  other  elements  in  the 
gaseous  state,  and  those  of  mercury  and  cadmium,  which  are  double 
those  of  the  other  elements. 

It  appears,  then,  that  in  all  cases  the  volumes  in  which  gaseous 
elements  combine  together  may  be  expressed  by  very  simple 
numbers.  This  is  the  "  Law  of  Volumes,"  first  observed  by 
Humboldt  and  Gay-Lussac  in  1805,  with  regard  to  the  combination 
ra  oxygen  and  hydrogen,  and  afterwards  established  in  other  cases 
by  Gay-Lussac,  whose  observations,  published  in  his  "Theory  of 
Volumes,"  afforded  new  and  independent  evidence  of  the  combina- 
tion ol  bodies  in  definite  and  multiple  proportions,  in  corroboration 
oi  that  derived  from  the  previously  observed  proportions  of  com- 
bination by  weight. 

Gay-Lussac  likewise  observed  that  the  product  of  the  union  of 
wo  gases,  when  itself  a  gas,  sometimes  retains  the  original  volume 
oi  us  constituents,  no  contraction  or  change  of  volume  resulting 
n>m  the  combination,  but  that  when  contraction  takes  place, 
,  ''<  "  is  the  most  common  case,  the  volume  of  the  compound  gas 
wwajs  bears  a  simple  ratio  to  the  volumes  of  its  elements;  and 
"3*pwmt  observation,  extended  over  a  very  large  number  of 
<  inpnunrtH,  organic  as  well  as  inorganic,  has  shown  that,  with  a 
'•.vfplions,  probably  only  apparent,  the  molecules  of  compound 
wies  m  the  gaseous  state  occupy  twice  the  volume  of  an  atom  of 
7, ,'•''*'"  T-    No  matter  what  may  be  the  number  of  atoms  or 

"»»'<■«  that  enter  into  the  compound,  they  all  become  condensed 
two  volumes;  thus:— 
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1  vol  H  and  1  vol.  CI  form  2  vol.  HC1,    hydrochloric  acid. 
1  vol.  n  auu  xv  NQ     n.tr  dl0Xide. 

1   "     ^    "        "     ^     "     o  WO  water 

9        H       1   „    0    ,,    2   ,,    H2U>  waiei. 

o"    tj-  "   1         N  2         H,N,  ammonia. 

q        tj  "   x        p    "    2  '     HSP,    hydrogen  phosphide. 

o  j ,    ix  j  j   a   >  j  > ' 

Similarly  in  the  union  of  compound  gases,  e.g., 

1  vnl  ethvl    C  H   and  1  vol.  CI  form  2  vol.  C2H6C1    ethyl  chloride, 
lvol.  ethyl,  b2H6,anu  (G,HB)s0,  ethyl  oxide. 

2  "    6  iy  '    P2H5'  "    2  "    01  2       CS  C!,  ethene  chloride. 
2  „    ethene,  C2H4,  „    2  „    Ol     „        „         4  ^.^ 

2  ,,   ethene, C„H.i,  ,,   1       U     ,,    ^  ,,  ^2"4^» 

Hence  it  follows  that  the  specific  gravity  of  any  compound  gas  or 
vafZ, referred  to  hydrogen  as  unity,  is  equal  to  half  its  atomic  or 

m°S:totiSohtained  by  dividing  the  molecular  weight  of  a 
WW  lw  its  specific  gravity  is  called  its  Specific  or  Atomic 
%Z  ;ten  e  tlielaw  jusLtated  may  also  be  thus  expressed  :- 
^  specific  volumes  of  compound  gases  ^^tT^wttM 
^^^IZ^r^  flumes 

votme  of  an°atom  of  hydrogen.     Such  is  the  case 

ammoniac,  NH4C1,  V^r^Vff^^  ^  ft"  others. 
H,S04,  ammommu  sulphydrate,  (ISii4)bI±,  ana  a  ww 
This  anomaly  is  probably  due,  in  some  cases  at  least,  to  a 
decompos  tion  or  "dissociation"  of  the  compound  at  the  high 
tmpeLure  to  which  it  is  subjected  for  the  tion  of  J 

vapour-density;  NH4C1,  for  example,  sPM^.^^eSefor1 
HC1  each  of  which  occupies  two  volumes,  and  the  wnole  «"»eioie 
L-'vo  Les;  and  in  like  manner  H2S04  may  be  supposed t| 
serrate  into  H20  and  S03;  PCl5  into  PC13  and  Cl2;  (NH^SH, 

^%fi^!£me  substances,  both  simple  and  compouud, 
exhibit,  at  temperatures  not  far  above  their  boiling  P™^™^ 
Cities  considerably  greater  than  they  should  have  fording  to 
the  general  law,  whereas  when  raised  to  higher  tempera  ures  they 
SuiS  normal'  vapour-densities.  Thus  sulphur,  winch  tag  <* 
440°,  exhibits  at  1000°,  like  elementary  gases  mge^a 
vapour-density  equal  to  its  atomic  weight,  viz.,  32,  but  at 
3?  its  vapour-density  is  nearly  three  times  as  great.  Again, 
«?ptic  acid  CV02)  whose  molecular  weight  is  24  +  4  +  16  =  60, 
Crt  teSpSSnw  considerably  above  its  boiling  point,  a  vapour- 
tnsuv  nearly  equal  to  30;  but  at  125°  (8  degrees  above  its 
K5  pom  I  its  vapour-density  is  rather  more  than  45,  o 


or  1| 
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times  as  great.  This  anomalous  increase  of  vapour-density 
appears  to  take  place  when  the  substance  approaches  its  lique- 
fying point,  at  which  also  it  exhibits  irregularities  in  its  rate  of 
expansion  and  contraction  by  variations  of  pressure  and  tem- 
perature—at which,  in  short,  it  begins  to  behave  itself  like  a 
liquid ;  but  at  higher  temperatures  it  exhibits  the  physical  char- 
acters of  a  perfect  gas,  and  then  also  its  specific  gravity  becomes 
normal. 


Specific  Volumes  of  Liquids  and  Solids.— Fov  many  years  past 
attempts  have  been  made  to  extend  to  solids  and  liquids  the 
results  of  Gay-Lussac's  discovery  of  the  law  of  gaseous  combination 
by  volume,  the  specific  volumes  of  the  bodies  in  question  beino- 
determined  by  the  method  pursued  in  the  case  of  gases— namely  by 
dividing  the  molecular  weight  by  the  specific  gravity.  The  numbers 
obtained  m  this  manner,  representing  the  specific  volumes  of  the 
various  solid  and  liquid  elementary  substances,  present  far  more 
cases  ot  discrepancy  than  of  agreement.  The  latter  are,  however, 
sumciently -numerous  to  excite  great  interest  in  the  investigation, 
borne  ot  the  results  pointed  out  are  exceedingly  curious  as  far  as 
t  ley  go,  but  are  not  as  yet  sufficient  to  justify  any  general  con- 
clusion The  inquiry  is  beset  with  many  great  difficulties,  chiefly 
arising  from  the  unequal  expansion  of  solids  and  liquids  by  heat 
and  the  great  differences  of  physical  state,  and,  consequently,  of 
specific  gravity,  often  presented  by  the  former. 
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The  laws  of  chemical  combination,  and  the  relations  between 
atomic  and  equivalent  weights  above  explained,  are  the  residt  of 
pure  experimental  inquiry,  and  independent  of  all  hypothesis.  In 
cnis,  However,  as  m  other  branches  of  science,  the  comprehension 
in  erxl;ern"ental  ^ults  may  be  greatly  facilitated  by  endeavouring 
attemni  T,  i°  a  g?neral  law  or  mode  of  action-  That  no 
(  on  1 1       i  'e  ma,de  t0  6XPkin  the  manner  in  which  chemical 

are  formed,  and  to  point  out  the  nature  of  the  relations 
cheEl   i?  meTent  modifications  of  matter  which  determine 
Z     fv    fT  V'      '  in,,ee<1'  be  contrai7  to  ^e  speculative 
,    ,  Z  J'  itlie  hlm,!'T  ,,,1Tld-    Such  an  attempt-aid  a  very 
he  2  ,    T  "Hful  one  it  is-has,  in  fact,  been  made,  namely, 
"ie  atomic  hypothesis  of  Dr.  Dalton.  * 

nJE^JS?  ancient  ^es,  the  question  of  the  constitution  of 
nontr  with  respect  to  divisibility  has  been  debated,  some  adopt- 
wfeii  VI"",;,."1  f  ""'s  ^visibiHty  is  infinite,  and  others,  that 
c  .  "'  Particles  become  reduced  to  a  certain  decree  of  tenuity, 
'  '"'.vond  any  state  that  can  be  icu  b,,l '  by  mechanical 

becom'p  •  7  Ctfase      be  Fu,'n"'r  dimiaishedin  magnitude;  they 
m  short,  atoms.     Now,  however,  the  imagination  may 

Q 
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succeed  in  figuring  to  itself  the  condition  of  matter  on  either 
view,  it  is  hardly  necessary  to  mention  that  we  have  absolutely 
no  means  at  our  disposal  for  deciding  such  a  question,  which 
remains  at  the  present  day  in  the  same  state  as  when  it  first 
engaged  the  attention  of  the  Greek  philosophers  or  perhaps  that 
of  the  sa^es  of  Egypt  and  Hindostan  long  before  them. 

Dalton's  hypothesis  sets  out  by  assuming  the  existence  of  such 
atoms  or  indivisible  particles,  and  states  that  compounds  are 
formed  by  the  union  of  atoms  of  different  bodies,  one  to  one,  one 
to  two,  &c.  The  compound  atom,  or  molecule,  joins  itself  m  the 
same  manner  to  a  compound  atom  of  another  kind,  and  a  com- 
Snation  of  the  second  order  results.  Let  it  be  granted  firrther 
that  the  atoms  of  different  elements  have  cliflerent  weights  fixed 
and  invariable  for  each,  and  the  hypothesis  becomes  capable  of 
rendering  consistent  and  satisfactory  reasons  for  aU  the  observed 
numerical  laws  of  chemical  combination 

Chemical  compounds  must  always  be  definite;  they  must 
always  contain  the  same  number  of  atoms  of  the  same  land 
arranged  in  a  similar  maimer.  The  same  land  and  number  of 
atoms  need  not,  however,  of  necessity  produce  the  same  substance 
for  they  may  be  differently  arranged ;  and  much  depends  upon 
this  circumstance.  .       .  . 

A^ain,  the  law  of  multiple  proportions  is  perfectly  well  ex- 
plained. One  atom  of  carbon  unites  with  one  atom  of  oxygen  to 
form  carbon  monoxide,  and  with  two  atoms  to  form  carbon  dioxide « 
one  atom  of  sulphur  with  two  and  three  atoms  of  oxygen  to  lorrn 
the  dioxide  and  trioxide  of  sulphur ;  one  atom  of  phosphorus  with 
three  and  five  atoms  of  chlorine  to  form  the  trichloride  and  penta- 
chloride  of  phosphorus;  two  atoms  of  nitrogen  with  one,  two, 
three,  four,  and  five  atoms  of  oxygen  to  form  the  five  oxides 
already  metioned  (p.  149).  .  , 

The  atomic  hypothesis  likewise  affords  an  easy  explanation  01 
the  manner  in  which  bodies  replace  or  may  be  substituted  one  lor 
the  other.  Here,  however,  we  come  upon  an  extension  ol  tne 
original  Daltonian  hypothesis.  It  was  formerly  supposed  that 
when  one  element  replaced  another  in  combination,  the  substitu- 
tion always  took  place  atom  for  atom ;  and  accordingly  the  terms 
"atoms"  and  "  equivalent"  were  regarded  as  synonymous,  at  least 
so  far  as  numerical  value  was  concerned.  But,  according  to  tne 
atomic  weights  now  adopted,  and  determined  by  the  considerations 
'above  explained,  we  must  suppose  that  one  atom  of  an  element 
mav  take  the  place  of  two,  three,  four  atoms,  &c,  oi  anotner. 
It  is  only,  in  fact,  the  atoms  of  monogenic  elements  that  can 
renlace  each  other  one  by  one :  an  atom  of  a  polygenic  element, 
on  the  other  hand,  always  takes  the  place  of,  or  is  equivalent  to, 
two  or  more  atoms  of  a  monogenic  element.  . 

This  difference  of  equivalent  or  saturating  power  is  often  denotea 
by  placing  dashes  or  Roman  numerals  to  the  right  of  the  symbol 
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of  an  element  and  at  the  top,  as  0",  B'",  C",  &c. ;  and  the  several 
elements  are  designated  as — 

Univalent  elements,  or  Monads,  as  H 

Bivalent          ,,  Dyads,  ,,  0" 

Trivalent        ,,  Triads,  ,,  B'" 

Quadrivalent    „  Tetrads,  „  Clr 

Quinquivalent  ,.  Pentads,  ,.  P" 

Sexvalent        ,,  Hexads,  ,,  W". 

Elements  of  even  equivalency,  viz.,  the  dyads,  tetrads,  and 
hexads,  are  also  included  under  the  general  term  artiads*  and 
those  of  uneven  equivalency,  viz.,  the  monads,  triads,  and  pentads 
are  designated  generally  asperissads.t 

Another  method  of  indicating  the  equivalent  values  of  the 
elementary  atoms,  and  the  manner  in  which  they  are  satisfied  by 
combination,  is  to  arrange  the  symbols  in  diagrams  in  which  each 
element  is  connected  with  others  by  a  number  of  lines,  or  connect- 
ing bonds  corresponding  to  its  degree  of  equivalence;  a  monad 
being  connected  with  other  elements  by  only  one  such  bond,  a 
triad  by  three,  a  hexad  by  six,  &c,  as  in  the  following  examples  :— 

Water,  H20  H— 0— H 

Carbon  dioxide,  C02       .       .       .       0=C— 0 

CI 

H       I  H 
Ammonium  chloride,  NH4C1   .       .  ">N<C 

H 

0 

Sulphuric  oxide,  S03       .       .       .  j|  =  o 

II 
O 

0 

Sulphuric  acid,  H2S04     .      .  H-O-S-O-H 


Nitric  acid,  HNO, 


O 

0 

II 

N — 0 — H 

II 

0 


Aprios,  even. 


t  rTepio-o-os,  uneven. 
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o  o 

II  II 

Zinc  nitrate,  ZnN2O0      .  N-O-Zn-O-N 

0  0 

It  must  be  distinctly  understood  that  these  formidse-which 
are  called  graphic,  structural,  or  constitutional  formula 
^noi TilSed  to  represent  the  actual  arrangement  of  the  atoms 
in  a  compound;  indeed,  even  if  we  had  a  distinct  notion  of  the 
manner  in  which  the  atoms  of  any  compound  are  arranged,  it 
could  not  be  adequately  represented  on  a  plane  surface.   The  line, 
connecting  the  different  atoms  indicate  nothing  more  than  the 
number  of  units  of  equivalency  belonging  to  the  several  atoms, 
and  the  manner  in  which  they  are  disposed  of  by ^ombmataon 
with  those  of  other  atoms.    Thus  the  formula  for  mine  acid  indi- 
cates that  two  of  the  three  constituent  oxygen-atoms  are  combined 
with  the  nitrogen  alone,  and  are  consequently  attached  to  that 
element  by  both  their  units  of  equivalency,  whereas  the  thud 
oxygen-atom  is  combined  both  with  nitrogen  and  with  hydro- 
xy inspection  of  the  preceding  diagrams,  it  will  be  observed 
that  every  atom  of  a  compound  has  each  of  its  units  of  equivalent 
satisfied  by  combination  with  a  unit  belonging  to  some  other  atom. 
Such,  indeed,  is  the  case  in  every  saturated  or  normal  compound 
Accordingly,  it  is  found  that  in  all  such  compounds  the  sum  ot 
the  perissad  elements  is  always  an  even  number,    ihus  a  com- 
pound may  contain  two,  four,  six,  &c,  monad  atoms,  as  iibl, 
OH2,  CH4,  C2H6,  C3H8,  SiH3Cl;  or  one  monad  and  one  triad 
atom,  as  BCL ;  or  one  pentad  and  five  monads,  a*,  mu 
never  an  uneven  number  of  perissad  atoms.    This  is  the    law  ot 
even  numbers,"  announced  some  years  ago  by  berharc  t  ana 
Laurent  as  a  result  of  observation.    It  was  long  received  witu 
doubt,  but  has  now  been  confirmed  by  the  analysis  oi  so  man\ 
well-defined  compounds,  that  a  departure  from  it  is  looked  upon 
as  a  sure  indication  of  incorrect  analysis. 

For  a  similar  reason,  the  atoms  of  elementary  bodies  rarely  exist 
in  the  free  state,  but,  when  separated  from  any  compound,  tend 
to  combine  with  other  atoms,  either  of  the  same  or  of  some  otlier 
element.    Perissad  elements,  like  hydrogen,  chlorine,  mtrogen, 

*  For  lecture  and  class  illustration,  solid  diagrams  are  constructed,  with 
wooden  balls  of  various  colours,  to  represent  the  atoms,  having  holes: tor 
the  insertion  of  connecting  rods;  these  representations  are  called 
fnnnnlrr  Objection  is  sometimes  made  to  the  use  of  such  illustrations,  on 
(heTrouncl  that  they  might  lead  the  pupils  to  imagine  that  the  atoms  form, 
\Z  a  molecule  are  actually  connected  together  by  materia  bonds.  As  well 
nfaht  oSion  be  taken  to  the  use  of  an  artificial  globe  in  teachmg 
'Xaphv  and  astronomy,  lest  the  student  should  acquire  curious  notions 
Shout  the  brazen  meridian  and  the  wooden  horizon. 
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&c,  separate  from  their  compounds  in  pairs ;  their  molecule  con- 
tains two  atoms,  e.g.,  H — H.  Artiad  elements  may  unite  in 
groups  of  two,  three,  or  more  ;  thus  the  molecule  of  oxygen,  in  its 
ordinary  state,  probably  contains  two  atoms,  that  of  ozone  three 
atoms;  thus — 

Oxygen,  0=0 

Ozone,   0  0 

\/ 
0 

The  tendency  of  elementary  atoms  to  separate  in  groups  is  shown 
in  various  ways.  Thus  when  copper  hydride,  Cu2H2  (to  be  here- 
after described),  is  decomposed  by  hydrochloric  acid,  a  quantity 
of  hydrogen  is  given  off  equal  to  twice  that  which  is  contained  in 
the  hydride  itself ;  thus — 

Cu2H2  +  2HC1  =  Cu2Cl2  +  2HH. 

This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on 
cuprous  oxide : 

Cu20  +  2HC1  =  Cu2Cl2  +  H20. 

In  the  latter  case,  the  hydrogen  separated  from  the  hydrochloric 
acid  unites  with  oxygen,  in  the  former  with  hydrogen.  Again, 
when  solutions  of  sulphurous  acid  and  sulphydric  acid  are  mixed! 
the  whole  of  the  sulphur  is  precipitated : 

H2S03  +  2H2S  =  3H20  +  S.S2, 

thtyiction  being  similar  to  that  of  sulphurous  acid  on  seleuhydric 

H2S03  +  2H2Se  =  3H20  +  S.Se2. 

In  the  one  case,  a  sulphide  of  selenium  is  precipitated ;  in  the 
other,  a  sulphide  of  sulphur.  The  precipitation  of  iodine,  which 
takes  place  on  mixing  hydriodic  acid  with  iodic  acid,  affords  a 
pmlar  instance  of  the  combination  of  homogeneous  atoms : 

5HI     +     HIOj    =    3H20    +  311 
Hydriodic  acid.     Iodic  acid.  Water.        Free  iodine. 

Another  Btriking  illustration  of  this  mode  of  action  is  afforded  by 
Mie  reduction  oi  certain  metallic  oxides  hy  hydrogen  dioxide, 
wnen  silver  oxide  is  thrown  into  this  liquid,  water  ia  formed  ;  the 
suver  is  reduced  to  the  metallic  state,  and  a.  quantify  of  oxygen  is 
evolved  equal  to  twice  that  which  is  contained  in  the  silver  oxide  : 

Ag»0    +    H./)2    =    H20    +    Ag,    +  00 
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Further,  elementary  bodies  frequently  act  upon  others  as  if  then- 
atoms  were  associated  in  binary  groups.  Thus,  chlorine  acting 
upon  potash  forms  two  compounds,  the  chloride  and  hypochlorite 
of  potassium  (p.  185) : 

ClCl  +  KKO  =  KC1  +  KCIO. 

Again,  in  the  action  of  chlorine  upon  many  organic  compounds, 
one  atom  of  chlorine  removes  one  atom  of  hydrogen  as  hydro- 
chloric acid,  while  another  atom  of  chlorine  takes  the  place  of  the 
hydrogen  thus  removed.  For  example,  in  the  formation  of  chlora- 
cetic  acid  by  the  action  of  chlorine  on  acetic  acid : 

C2H402   +    ClCl    =    HCl   +  C2H3C102 

Acetic  acid.  Chloracetic  acid. 

Similarly,  when  metallic  sulphides  oxidise  in  the  air,  both  the 
metal  and  the  sulphur  combine  with  oxygen ;  and  sulphur  acting 
upon  potash  forms  both  a  sulphide  and  a  thiosulphate.  In  all 
these  cases  the  atoms  of  the  elementary  bodies  act  in  pairs.  _ 

On  the  supposition  that  the  molecules  of  elementary  bodies  m 
the  gaseous  state  are  made  up  of  two  atoms,  the  specific  volumes 
of  these  gases  will  come  under  the  same  law  as  that  which  applies 
to  compounds  (p.  241) :  and  it  may  then  be  stated  generally,  that, 
with  the  few  exceptions  already  noticed,  the  specific  gravities  of  all 
bodies,  simple  and  compound,  in  the  gaseous  state,  are  equal  to  half 
their  molecular  weights;  or  the  specific  volumes  (the  quotients  of  the 
molecular  weights  by  the  specific  gravities)  are  equal  to  2. 

There  are,  however,  two  elements,  namely,  phosphorus  and 
arsenic,  which  at  all  temperatures  hitherto  attained  exhibit  a 
vapour-density  twice  as  great  as  that  which  they  should  have 
according  to  the  general  law,  that  of  phosphorus  being  always  62, 
and  that  of  arsenic  150.  This  has  been  explained  by  supposing 
that  the  molecule  of  each  of  these  two  elements  in  the  free  state 
contains  four  atoms  instead  of  two,  as  is  the  case  with  most 
elementary  bodies  ;  thus  the  molecule  of  phosphorus  is  supposed 
to  be  represented  by  the  formula, 

P=P 

111  I 
P  P. 

Variation  of  Equivalency. — Multivalent  or  polygenic  elements 
often  exhibit  varying  degrees  of  equivalency.  Thus  carbon,  which 
is  quadrivalent  in  marsh  gas,  CH4,  and  in  carbon  dioxide,  C02,  « 
only  bivalent  in  carbon  monoxide,  CO ;  nitrogen,  which  is  quin- 
quivalent in  sal-ammoniac,  NH4C1,  and  the  other  ammonium  salts, 
and  in  nitrogen  pentoxide,  N,05,  is  trivalent  in  ammonia,  NH3, 
and  in  nitrogen  trioxide,  N.,63.  and  univalent  in  nitrogen  mon- 
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oxide,  N20 ;  sulphur,  also,  which  is  sexvalent  in  sulphur  trioxide, 
SO,,  is  quadrivalent  in  sulphur  dioxide,  SO,,  and  bivalent  in 
hydrogen  sulphide,  H.2S,  and  in  many  metallic  sulphides.  In 
these  cases,  and  in  others  of  varying  equivalency,  the  variation 
mostly  takes  place  by  two  units  of  equivalency.  It  is  not  very 
easy  to  account  for  these  variations ;  but  it  is  observed  in  all  cases 
that  the  compounds  in  which  the  equivalency  of  a  polygenic  ele- 
ment is  most  completely  satisfied  are  more  stable  than  the  others, 
and  that  the  latter  tend  to  pass  into  the  former  by  taking  up  the 
required  number  of  univalent  or  bivalent  atoms  :  thus,  carbon 
monoxide,  CO,  easily  takes  up  another  atom  of  oxygen  to  form 
the  dioxide,  CO,;  nitrogen  trioxide,  N203,  is  readily  converted 
into  the  pentoxide,  N,05 ;  ammonia,  NH3,  unites  readily  with 
hydrochloric  acid  to  form  sal-ammoniac,  NH4C1,  &c.  Similar 
phenomena  are  exhibited  by  many  organo -metal lie  bodies,  as  will 
be  explained  further  on. 

From  this  it  seems  most  probable  that  the  true  equivalency  or 
atomicity  of  a  polygenic  element  is  that  which  corresponds  to  the 
maximum  number  of  monad  atoms  with  which  it  can  combine, 
but  that  one  or  two  pairs  of  its  units  of  equivalency  may,  under 
certain  circumstances,  remain  unsaturated.  Whether  a  saturated 
or  an  imsaturated  compound  is  formed,  will  depend  on  a  variety 
of  conditions,  often  in  great  measure  on  the  relative  quantities  of 
the  acting  substances.  Thus  phosphorus,  which  is  a  pentad  ele- 
ment, forms  with  chlorine,  either  a  trichloride,  PC13  or  a  penta- 
chloride,  PC15,  according  as  the  phosphorus  or  the  chlorine  is  in 
excess  (p.  227).* 

In  compounds  containing  two  or  more  atoms  of  the  same  poly- 
genic element,  one  or  more  units  of  equivalence  belonging  to  each 
of  these  atoms  may  be  neutralised  by  combination  with  those  of 
another  atom  of  the  same  kind,  so  that  the  element  in  question 
will  appear  to  enter  into  the  compound  with  less  than  its  normal 
degree  of  equivalence.  Thus  in  ethane,  or  dimethyl,  C2H6,  which 
is  a  perfectly  stable  compound,  having  no  tendency  to  take  up  an 
additional  number  of  atoms  of  hydrogen  or  any  other  element,  the 
carbon  appears  to  be  trivalent  instead  of  quadrivalent ;  similarly 
m  propane,  C3H?,  its  equivalence  appears  to  be  reduced  to  5  ;  and 
m  quartane  or  diethyl,  C4H10,  to  $.  In  all  these  cases,  however, 
the  diminution  of  equivalent  value  in  the  carbon  atoms  is  only 
apparent,  as  may  be  seen  from  the  following  formulas : 

„  *, ?le. ,alf°  firl/'uneyer,  Lelirbuch  der  organischen  Chemie.  Leipzig 
und  Heidelberg,  1867,  p.  41. 
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Etlume. 

Propane. 

Quartane. 

H 

H 

H 

1 

H — C — H 

H— C — H 

H — C — H 
1 

H — C — II 

H — C — H 

H — C — H 

1 

H 

H — C — H 

H — C — H 

k 

H — C — H 

H 

or,  more  shortly,  omitting  the  equivalent  marks  of  the  monad 
atoms : 

Ethane.  Propane.  Quartane. 

CH3  CH3  CH3 

I  1  1 

CH3  CH2  CH2 

ch3  CH2 
I 

CH3. 

In  each  of  these  compounds,  every  carbon  atom,  except  the  two 
outside  ones,  has  two  of  its  units  of  equivalence  satisfied  by  com- 
bination with  those  of  the  neighbouring  carbon  atoms,  while  each 
of  the  two  exterior  ones  has  only  one  unit  thus  satisfied.  Hence, 
in  any  similarly  constituted  compound  containing  %  carbon  atoms, 
the  number  of  units  of  equivalence  remaining  to  be  satisfied  by  the 
hydrogen  atoms  is  4w  -  2(w  -  2)  -  2  =  2m  -f  2.  The  general  for- 
mula of  this  series  of  hydrocarbons  is,  therefore,  OnH2n+2,  and  the 

.  2n  +  2 

equivalent  value  of  the  carbon  is  — — —  • 

In  other  cases,  multivalent  atoms  may  be  united  by  two  or  more 
of  their  units  of  equivalence,  so  that  their  combining  power  may 
appear  to  be  still  further  reduced,  as  in  the  hydrocarbon,  C2H4,  in 
which  the  carbon  may  be  apparently  bivalent,  and  in  C2H2,  in 
which  it  may  appear  to  be  univalent ;  thus — 

H — C — H  C— H 

II  III 
H-C— H  C—  H  . 

In  all  cases,  the  equivalent  value  or  atomicity  of  an  element 
must  be  determined  by  the  number  of  monad  atoms  with  which  it 
can  combine.  Of  dyad  atoms,  indeed,  any  element  or  compound 
may  take  up  an  indefinite  number,  without  alteration  of  its  equi- 
valence or  combining  power :  for  each  dyad  atom,  possessing  two 
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units  of  equivalency,  neutralises  one  unit  in  the  compound  which  it 
enters,  and  introduces  another,  leaving,  therefore,  the  equivalence 
or  combining  power  of  the  compound  just  what  it  was  before 
Thus  potassium  forms  only  one  chloride,  KC1,  and  is,  therefore 
univalent  or  monadic ;  hut  in  addition  to  the  oxide,  K20,  corre- 
sponding to  this  chloride,  it  likewise  forms  two  others,  viz.,  K202 
and  K204  in  the  former  of  which  it  might  be  regarded  as  dyadic, 
and  m  the  latter  as  tetradic ;  but  the  manner  in  which  dyad  oxy- 
gen enters  these  compounds  is  easily  seen  by  inspection  of  the 

T  r\  I  I  f\ T-i  r-i  n  <-*    .  1  1  >  ......    .  . 


following  diagrams : — 

Monoxide. 


Deoxide. 

Tetroxide. 

0— K 

0— K 

A-K 

i 
i 

i 

0— K. 

It  is  evident  that  any  number  of  oxygen-atoms  might,  in  like 
manner,  be  inserted  without  disturbing  the  balance  of  equivalency 
It,  indeed,  we  turn  to  the  sulphides  of  potassium,  in  which  the  sul- 
phur is  dyadic,,  like  oxygen,  we  find  the  series,  K,S,  K9S2,  KQS3, 
A-ob,,,  K2S5,  the  constitution  of  which  may  be  represented  in  a 
precisely  similar  manner.  Hence  the  equivalence  of  any  element 
must  be  determined  by  the  composition  of  its  chlorides,  bromides 
iodides,  or  fluorides,  not  by  that  of  its  oxides  or  sulphides 

Assuming  then  that  the  maxium  equivalence  of  a  polygenic  ele- 
ment is  that  which  represents  its  normal  mode  of  combination, 
the  elementary  bodies  may  be  classified  as  in  the  following  table 
m  which  the  names  of  the  metalloids  are  printed  in  italics,  those 
or  the  metals  in  Roman  type,  and  the  elements  are  further  divided 
oy  horizontal  lines  into  groups  consisting  of  elements  closely 
luZ  ♦  r  cheimcal  characters:  in  each  of  these  groups  the 
ES™  arranged  m  the  order  of  their  atomic  weights,  begin- 
ning with  the  lowest.    (See  Table,  p.  108). 

AJe  Position  oi  several  of  the  elements  in  this  arrangement 
X™,  ren'arded  as  still  somewhat  doubtful.  Nitrogen,  phos- 
S,rT'  ant^ony,  and  bismuth,  though  quinquivalent  in 
mii  J'l  ?  .  "umber  of  compounds,  as  ammonium-chloride, 
verv  J'ii  1  ,,l"n,s  Pentachloridr,  PC16  &c,  nevertheless  form 
very ^tahle  compound's,  as  Nil,,  AsCl„  ls20'  &c,  in  which  they 
f„  iiif ,  •  ,  18  tTUe  tluit  these  compounds  pass  with  tolerable 
'      y  into  others  in  which  the  nitrogen,  phosphorus,  &c,  are 

CTlent'  these  latter  show  no  disposition  to  att,el,  to 

other y,    i  mI  acUltional  number  of  monad  atoms;  hut,  on  the 
"ami,  these  latter  compounds  do  not  appear  to  be  very 
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stable,  inasmuch  as  they  easily  split  up,  when  volatilised,  in  such 
a  manner  as  to  yield  compounds  of  the  triadic  class ;  sal-ammoniac, 


Monads. 


Dynds. 


Triads. 


Hydrogen 

Oxygen 

Fluorine 
Chlorine 
Bromine 
Iodine 

Calcium 

Strontium 

Barium 

Beryllium 

Yttrium 

Lanthanum 

Didymium 

Erbium 

Lithium 

Sodium 

Potassium 

Rubidium 

Caesium 

Magnesium 
Zinc 

Cadmium 

Silver 

Copper 
Mercury 

Boron 


Gold 


Indium 
Thallium 


Tetrads. 


Carbon 
Silicon 
Titanium 
Tin 


Aluminium 

Zirconium 

Thorinum 


Rhodium 

Ruthenium 

Palladium 

Platinum 

Iridium 

Osmium 


Lead 


Manganese 

Iron 

Cobalt 

Nickel 

Cerium 


Pentads. 


Hexads. 


Nitrogen 

Phosphorus 

Vanadium 

Arsenic 

Antimony 

Bismuth 


Niobium 
Tantalum 


Sulphur 

Selenium 

Tellurium 


Chromium 
Molybdenum 
Tungsten 
Uranium 


for  example,  into  hydrochloric  acid  and  ammonia,  phosphorus 
pentachloride  into  free  chlorine  and  the  trichloride. 

Iron,  and  the  metals  which  follow  it  in  the  table,  are  sometimes 
classed  as  hexads,  on  account  of  their  analogy  with  chromium, 
which  is  undoubtedly  hexadic,  inasmuch  as  it  forms  a  hexfluoride, 
CrF6.  Neither  of  these  metals,  however,  is  known  to  form  any 
well-defined  compounds  in  which  it  is  more  than  quadrivalent. 
Iron,  for  example,  is  bivalent  in  the  ferrous  salts,  as  Fe'  Cl2,  and 
quadrivalent  in  the  ferric  compounds,  ferric  chloride,  Fe2Cl6,  being 

FeCl3 

constituted  in  the  manner  shown  by  the  formula  |       .  Man- 

FeCl3 

aanese  is  inferred  to  be  a  hexad,  on  account  of  the  isomorphism 
and  similarity  of  composition  between  the  manganates  and  the 
chromates ;  but  the  ismorphisin  of  two  elements,  or  their  corre- 
sponding compounds,  does  not  afford  decided  proof  of  equal  equi- 
valency :  for  the  fluoniobates  are  known  to  be  isomorphous  with 
the  fluosilicates  and  liuotitanates ;  and  yet  niobium  is  a  pentad 
element,  whereas  silicium  and  titanium  are  tetrads. 

Sulphur,  selenium,  and  tellurimn,  are  usually  regarded  as  dyads, 
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on  account  of  the  close  analogy  of  their  compounds  to  those  of 
oxygen,  and  especially  of  their  hydrogen  compounds,  H2S,  &c,  to 
water.  But  selenium  and  tellurium  form  well-defined  tetra- 
chlorides ;  and  even  sulphur  tetrachloride,  SC14,  though  it  has  not 
been  obtained  in  the  free  state,  is  known  in  combination  with 
metallic  chlorides.  Sulphur  has  also  lately  been  shown  to  form 
certain  organic  compounds  in  which  it  is  tetradic,  and  others  in 
which  it  appears  to  be  hexadic*  Moreover,  the  chemical  relations 
of  the  sulphates  are  much  more  clearly  represented  by  formula? 
in  which  sulphur  is  supposed  to  be  hexadic  (like  that  given  for 
sulphuric  acid  on  page  252),  then  by  formula)  into  which  it  enters 
as  a  dyad;  and  similar  remarks  apply  to  the  selenates  and 
tellurates:  for  these  reasons,  sulphur,  selenium,  and1  telluiium, 
are  most  conveniently  regarded  as  hexads,  though  they  some- 
times enter  into  combination  as  tetrads,  and  very  frequently  as 
dyads. 


Compound  Radicals. — Suppose  one  or  more  of  the  component 
atoms  of  a  fully  saturated  molecule  to  be  removed :  it  is  clear  that 
the  remaining  atom  or  group  of  atoms  will  no  longer  be  saturated, 
but  will  have  a  combining  power  corresponding  to  the  number  of 
units  of  equivalency  removed.  Such  unsaturated  groups  are  called 
residues  or  radicals.  Methane,  CH4,  is  a  fully  saturated 
compound;  but  if  one  of  its  hydrogen  atoms  be  removed,  the 
residue  CH3  (called  methyl),  will  be  ready  to  combine  with  one 
atom  of  a  univalent  element,  such  as  chlorine,  bromine,  &c., 
forming  the  compounds  CH3C1,  CH3Br,  &c. ;  two  atoms  of  it 
unite  in  like  manner  with  one  atom  of  oxygen,  sulphur,  and  other 
bivalent  elements,  forming  the  compounds  0"(CH„)2,  S'YCBL),, 
Sc.;  three  atoms  with  nitrogen  yielding  N"'(CH3)3,  &c. 

The  removal  of  two  hydrogen-atoms  from  CH4  leaves  the 
bivalent  radical  CH2,  called  methene,  which  yields  the  com- 
pounds CH2C12,  CH20,  CH2S,  &c.  The  removal  of  three  hydro- 
gen atoms  from  CH4  leaves  the  trivalent  radical  CH,  which,  in 
combination  with  three  chlorine-atoms,  constitutes  chloroform, 
h.     L  ,    '  finally>  the  removal  of  all  four  hydrogen-atoms 

I  ™- tH4leaves  the  quadrivalent  radical  carbon,  C",  capable  of 
forming  the  compounds  CC14,  CS2,  &c. 

W  •  6i  manner>  ammonia,  NH3,  in  which  the  nitrogen  is  triva- 
ent,  yields,  by  removal  of  one  hydrogen-atom,  the  univalent 
racucai  amidogen,  NH2,  which  with  one  atom  of  potassium 
torms  potassamme,  NH2K,  and  when  combined  with  one  atom 
NW  ?nTTl\nT ent  radical  methyl,  CH3,   forms  methylamine, 

II  i  Trr.  6  attraction  of  two  hydrogen-atoms  from  the 
uoieoiu,;  iNH  leaves  the  bivalent  radical  imidogen,  NIT,  which 
w^n  two  methyl-atoms  forms  dimethylamine,  NH(CH3)2,  &o. ; 

•  Sulphur  triethiodide,  S|T(C,H,).I 
Sulphur  diethene-dibromide,  S',(C,H4)",Br,. 
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and  the  removal  of  all  three  hydrogen-atoms  from  NH3,  leaves 
nitrogen  itself,  which  frequently  acts  a  to valent  element  or 
radical*  forming  tripotassamine,  NK3,  trrmethylamme,  N{LU3),, 

^Finally,  the  molecule  of  water,  OH2,  by  losing  an  atom  of  hydro- 
gen is  converted  into  the  univalent  radical  hydroxyl,  OH, 
which,  in  its  relations  to  other  bodies,  is  analogous  to  cMoruie, 
bromine,  and  iodine,  and  may  be  substituted  in  combination  for 
one  atom  of  hydrogen  or  other  monads.  Thus,  water  ^self  may 
be  regarded  as  H.OH,  analogous  to  hydrochloric  acid,  HU  ,  potas- 
sium hydrate  as  K.OH,  analogous  to  potassium  chloride ;  barium 
hydrate,  as  Ba".(OH)2,  analogous  to  barium  chloride,  Ba  U2. 

In  a  similar  manner,  the  univalent  radical,  potassoxyl,  KO, 
mav  be  derived  from  potassium  hydrate;  the  bivalent  radical, 
zincoxyl,  Zn02,  by  abstraction  of  H2  from  zinc  hydrate, 
Zn"H909.  The  essential  character  of  these  oxygenated  radicals  is 
that  each  of  the  oxygen  atoms  contained  in  them  is  united  to  the 
other  atoms  by  one  unit  of  equivalency  only,  so  that  the  radical 
has  necessarily  one  or  two  units  unconnected ;  thus— 


Hydroxyl, 

Potassoxyl, 

Zincoxyl, 


H — 0 — 
K — 0 — 
-0 — Zn — 0 — 


From  the  preceding  explanations  of  the  mode  of  derivation  of 
compound  radicals,  it  is  clear  that  there  is  no  limit  to  the  number 
of  them  which  may  be  supposed  to  exist;  in  fact,  it  is  only  neces- 
sary to  suppose  a  number  of  units  of  equivalency  abstracted  irom 
any  saturated  molecule,  in  order  to  obtain  a  radical  of  correspond- 
in<?  combining  power  or  equivalent  value.  But  unless  a  radical  can 
be  supposed  to  enter  into  a  considerable  number  of  compounds,  thus 
forming  them  into  a  group  like  the  salts  of  the  same  metal,  there 
is  nothing  gained  in  point  of  simplicity  or  comprehensiveness  by 
assuming  its  existence.  ,. 

It  must  also  be  distinctly  understood  that  these  compound  radi- 
cals do  not  necessarily  exist  in  the  separate  state,  and  that  those 
of  uneven  equivalency,  like  methyl,  cannot  exist  m  that  state, 
their  molecules,  if  liberated  from  combination  with  others,  always 
doubling  themselves,  as  we  have  seen  to  be  the  case  with  most  ol 
the  elementary  bodies.  Thus  hydroxyl  —  0— H  is  not  known  in 
the  free  state,  the  actually  existing  compound  containing .the  same 
proportions  of  hydrogen  and  oxygen  being  02H2  or  H— 0— O  a- 
In  like  manner,  methyl,  CH3,  has  no  separate  existence,  but 
dimethyl,  C2Hfl,  is  a  known  compound  :— 

Methyl.  Dimethyl. 
CH,  CH3 


CHS 
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The  terra  chemical  affinity,  or  chemical  attraction,  is  used  to 
describe  that  particular  power  or  force,  in  virtue  of  which,  union 
often  of  a  very  intimate  and  permanent  nature,  takes  place  between 
two  or  more  bodies,  in  such  a  way  as  to  give  rise  to  a  new  sub- 
stance, having,  for  the  most  part,  properties  completely  in  dis- 
cordance with  those  of  its  components. 

The  attraction  thus  exerted  between  different  kinds  of  matter  is 
to  be  distinguished  from  other  modifications  of  attractive  force 
which  are  exerted  indiscriminately  between  all  descriptions  of 
substances,  sometimes  at  enormous  distances,  sometimes  at  inter- 
vals quite  inappreciable.  Examples  of  the  latter  are  to  be  seen  in 
cases  of  which  is  called  cohesion,  when  the  particles  of  solid  bodies 
are  immovably  bound  together  into  a  mass.  Then,  there  are  other 
effects  of,  if  possible,  a  still  more  obscure  land ;  such  as  the  various 
actions  of  surface,  the  adhesion  of  certain  liquids  to  glass,  the 
repulsion  of  others,  the  ascent  of  water  in  narrow  tubes,  and  a 
multitude  of  (furious  phenomena  which  are  described  in  works  on 
Natural  Philosophy,  under  the  head  of  molecular  actions.  From 
all  these,  true  chemical  attraction  may  be  at  once  distinguished  by 
the  deep  and  complete  change  of  characters  which  follows  its  exer- 
tion: we  might  define  affinity  to  be  a  force  by  which  new 
substances  are  generated. 

It  seems  to  be  a  general  law  that  bodies  most  opposed  to  each 
other  in  chemical  properties  evince  the  greatest  tendency  to  enter 
into  combination ;  and,  conversely,  bodies  between  which  strong 
analogies  and  resemblance  can  be  traced  manifest  a  much  smaller 
amount  of  mutual  attraction.  For  example,  hydrogen  and  the 
metals  tend  very  strongly  indeed  to  combine  with  oxygen,  chlo- 
rane,  and  iodine,  but  the  attraction  between  the  different  members 
W  these  two  groups  is  incomparably  more  feeble.  Sulphur  and 
pflospnorus  stand,  as  it  were,  midway  :  they  combine  with  sub- 
stances ol  one  and  the  other  class,  their  properties  separating 
them  sufficiently  from  both.  Acids  are  drawn  towards  al  kalis,  and 
wsaua  towards  acids,  while  union  among  themselves  rarelv  if  ever 
cakes  place. .  J 

Nevertheless,  chemical  combination  graduates  so  imperceptibly 
rao  mere  mechanical  mixture,  that  it  is  often  impossible  to  mark 
uie  imit.    Solution  is  the  result  of  a  weak  kind  of  affinity  exist- 
n  i >et ween  the  substance  dissolved  and  the  solvent— an  affinity 
"  ('Die  as  completely  to  lose  one  of  its  most  prominent  features 
"en  m  a  more  exalted  condition— namely,  power  of  causing  ele- 
Z?  ot  temperature;  for  in  the  act  of  mere  solution,  the  tem- 
""■  'alls,  the  heat  of  combination  being  lost  and  overpowered 
"y  the  eflects  of  change  of  state. 
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The  force  of  chemical  attraction  thus  varies  greatly  with  the 
nature  of  the  substances  between  which  it  is  exerted ;  it  is  influ- 
enced moreover,  to  a  very  large  extent,  by  external  or  adventitious 
crrctimSances.  An  idea "formerly  prevailed  that  the  relations  of 
affinity  were  fixed  and  constant  between  the  same  substances  and 
oreat  pains  were  taken  in  the  preparation  of  tables  exhibiting 
what  was  called  the  precedence  of  affinities.  The  order  pointed 
out  in  these  lists  is  now  acknowledged  to  represent  the  order  of 
nrecedence  for  the  circumstances  under  which  the  experiments  were 
made,  but  nothing  more ;  so  soon  as  these  circumstances  become 
Tanged,  the  order  is  disturbed.  The  ultimate  effect  indeed  is 
not  the  result  of  the  exercise  of  one  single  force,  but  rather  the 
joint  effect  of.  a  number,  so  complicated  and  so  variable  in 
intensity,  that  it  is  but  seldom  possible  to  predict  the  consequences 
of  anv  vet  untried  experiment. 

It  will  be  proper  to  examine  shortly  some  of  these  extraneous 
causes  to  which  allusion  has  been  made,  which  modify  to  so  great 
an  extent  the  direct  and  original  effects  of  the  specific  attractive 

^Alteration  of  temperature  may  be  reckoned  among  these 
When  metallic  mercury  is  heated  nearly  to  its  boiling-point,  and 
in  that  state  exposed  for  a  long  time  to  the  air,  it  absorbs  oxy- 
gen, and  becomes  converted  into  a  dark-red  crystalline  powder. 
This  very  same  substance,  when  raised  to  a  stdl  higher  tempera- 
ture, separates  spontaneously  into ,  metallic  mercury  and  oxygen 
cms.  It  may  be  said,  and  probably  with  truth,  that  the  latter 
change  is  greatly  aided  by  the  tendency  of  the  metal  to  assume 
Jhe  vaporous  state;  but  precisely  the  same  fact  is  observed ^with 
another  metal,  palladium,  which  is  not  volatile,  excepta§ ;  at 
extremely  high  temperatures,  but  which  oxidises  superficially  at 
a  red  heat,  and  again  becomes  reduced  when  the  temperature  rises 

to  whiteness.  ,     .  ,  v~™J 

Insolubility  and  the  power  of  vaporisation  are  perhaps,  beyond 
all  other  disturbing  causes,  the  most  potent;  they  interfere  in 
almost  every  reaction  which  takes  place,  and  very  frequently  turn 
the  scale  when  the  opposed  forces  do  not  greatly  difler  in  energy. 
It  is  easy  to  give  examples.    When  a  solution  ot  calcium  chloride 
is  mixed  with  a  solution  of  ammonium  carbonate,  double  inter- 
change ensues,  calcium  carbonate  and  ammonium  cUoride  bem„ 
generated  :  CaCl2  +  (NH4)2C03  =  CaC03  +  2NH4C1    Here  th 
action  can  be  shown  to  be  in  a  great  measure  determined  by  me 
SoMbility  of  the  calcium  carbonate.    On  the  other  hand,  when 
dry  calcium  carbonate  is  powdered  and  mixed  With  ammomun! 
■hloride  and  the  whole  heated  in  a  retort,  a  sublimate  of  amnio 
nhun  carbonate  is  formed,  while  calcium  chloride  remains  behind. 
T^fhis  instance,  it  is  no  doubt  the  great  volatility  of  the  new  ani- 
^oSal  salt  which  chiefly  determines  the  kind  of  decomposition. 
When  i  w  filings  are  heated  to  redness  in  a  porcelain  tube,  and 
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vapour  of  water  is  passed  over  them,  the  water  undergoes  decom- 
position with  the  utmost  facility,  hydrogen  being  rapidly  disen- 
gaged, and  the  iron  converted  into  oxide.  On  the  other  hand  oxide 
ol  iron,  heated  m  a  tube  through  which  a  stream  of  dry  hydrogen 
is  passed,  suffers  almost  instantaneous  reduction  to  the  metallic 
state,  while  the  vapour  of  water,  carried  forward  by  the  current 
ol  gas,  escapes  as  a  jet  of  steam  from  the  extremity  of  the  tube 
In  these  experiments  the  affinities  between  the  iron  and  oxyo-en 
and  the  hydrogen  and  oxygen  are  so  nearly  balanced,  that  the 
difference  ol  atmosphere  is  sufficient  to  settle  the  point  An  atmo- 
sphere of  steam  offers  little  resistance  to  the  escape  of  hydrogen  • 
an  atmosphere  of  hydrogen  bears  the  same  relation  to  steam  ;°and 
this  apparently  trifling  difference  of  circumstances  is  quite  enough 
ror  the  purpose.  & 

What  is  called  the  nascent  state  is  one  very  favourable  to 
chemical  combination.  Thus,  nitrogen  refuses  to  combine  with 
gaseous  hydrogen;  yet  when  these  substances  are  simultaneously 
liberated  from  some  previous  combination,  they  unite  with  great 
ease,  as  when  organic  matters  are  destroyed  by  heat,  or  by  spon- 
taneous putrefactive  change. 

There  is  a  remarkable,  and,  at  the  same  time,  very  extensive 
class  of  actions  grouped  together  under  the  general  title  of  cases 
ol  disposing  affinity.  Metallic  silver  does  not  oxidise  at  any 
tt-niperature  :  nay  more,  its  oxide  is  easily  decomposed  by  simple 

mSt'J.l  ]  n  r  ^  ^ed  metal  be  with  siUce™s 

l  f\ and  ^lted>  the  wbole  fuses  t0  a  yell<™  trans- 
parent glass  of  silver  silicate.  Platinum  is  attacked  by  fused 
potassnun  hydrate,  hydrogen  being  probably  disengaged  while  the 

uncW  I         6d  :-  tlUS  18  an  eff6Ct  Which  never  4>Pen8  to  silver 
Shlp^T6  c^ums*M}ces.  although  silver  is  a  much  more 
1ST f  \han  PlaJ™  The  factis,thatpotashfonns with 
SKflfp  ISt-  kst-na™ed  metal  a  ^nd  of  saline  compound,  in 

u I  or  th  £  de  aCtS f  ,an  acid;  and  hence  its  formation 

nn iter  the  disposing  influence  of  the  powerful  base 

bodies  whpTharlt'aile  decomPositVons  s"ffered  hy  various  organic 

1  never  fcl  ^  "f^  Products  are  generated  which 

mvaSlv  IT     mvth?  ^T6  °f  the  base5  the  taction  is 
d  L      ctrPhcated>  and  ^  results  fewer  in  number  and 

Satd  heS.    aQ  m         CVent  °f  8hnPle  ^ruction  by  a 

caMu2  tyel\StiK  more  ob8CUTe  class  of  phenomena,  called 
of  »  L^L    wmc&  eltects  are  brought  about  by  the  mere  pre  sence 
ttSS!SfeW«Ch  fdf  ""'^rgoesno  perceptible  change :  the 
11  ^mentioned  in  the  ohapter  o/oxygen,  in  which  that 

^  roti  Cd\T,th  the  *™  facility,  b/ieating  a  mixture 
°  't  "m  ,cbbra,tc  and  manganese  dioxide,  is  a  case  in 
•    me  salt  is  decomposed  at  a  very  far  lower  temperature 
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than  would  otherwise  he  required,  and  yet  the  ^^Ihe 
does  not  appear  to  undergo  any  alteration,  hem-  found  alter  the 
expeimientPin  the  same  state  as  before.   It  may  however,  undergo 
a  taTorary  alteration.    We  know,  indeed,  that  this  oxide  * 
capable  of  taking  up  an  additional  proportion  of  oxygen  and 
forming  manganic  acid;  and  it  is  quite  possible  that  in  the  re 
aeto  iuBt  considered  it  may  actually  take  oxygen  from  he 
potassium  chlorate,  and  pass  to  the  state  of  a  higher  oxide,  which 
now"  s  immediately^composed,  the  ^ng 
evolved  and  the  manganese-oxide  returning  to  its  oiigmal  state. 
The  same  effect  in  facilitating  the  decomposition  of  the >  cHorateis 
ra-oduced  bv  cupric  oxide,  ferric  oxide,  and  lead  oxide,  all  oi 
winch* e  known  to  be  susceptible  of  higher  oxidation  The 
oxides  of  zinc  and  magnesium,  on  the  contrary,  which  do  not 
Mgher  oxides,  are  not  found  to  facilitate  the  decomposition 
of  the  chlorate ;  neither  is  any  such  effect  produced  ^  ™8  *J 
salt  with  other  pulverulent  substances,  such  as  pounded  glass  or 

1JlTheihsoa;aUed  catalytic  actions  are  often  mixed  up  with  other 
effect  which  are  mud  more  intelligible  as  the  action  of  finely 
divided  platinum  on  certain  gaseous  mixtures,  in  which  the  soUd 
ppears  I  condense  the  gas  upon  its  greatly  extended 
thereby  to  induce  combination  by  bringing  the  particles  withm 
the  sphere  of  their  mutual  attractions. 

Influence  of  Pressure  on  Cliemical  Action.— When  a  body  is  de- 
composed by  heat  in  a  confined  space  and  one  or  more  of- he 
separated  elements  (ultimate  or  proximate)  is  gaseous,  the  decern 
position  goes  on  until  the  liberated  gas  or  vapour'  has  attained  a 
certain  tension  greater  or  less  according  to  the  temperature.  So 
Ion-  as  this  temperature  remains  constant,  no  further  decomposition 
take's  place,  neither  does  any  portion  of  the  separated  elements 
i-ecoinbine  '  but  if  the  temperature  be  raised,  decomposition .  recom- 
mences, and  goes  on  till  the  liberated  gas  or  vapour  has  attained  a 
certain  highe?  tension,  also  definite  for  that  particular  temperature j 
if  on  the  other  hand  the  temperature  be  lowered,  recomposition 
takes  place,  until  the  tension  of  the  remaining  gas  is  reduced  to 
that  which  corresponds  to  the  lower  temperature.  These  pheno- 
mena, which  are  closely  analogous  to  those  exhibited  m  the  vapo- 
5ion  of  liquids  have  been  especially  studied  by  Deville  and 
Debrav  *  Deville  designates  decomposition  under  these  conditions 
by  the'term  "Dissociation;"  but  the  utility  of  this  new  word  is 
1,'v  no  means  obvious.  _  „,i„vh 

When  calcium  carbonate  is  heated  in  an  iron  tube,  irom  wmou 
rti*  bit  has  been  exhausted  by  means  of  a  mercury-pump,  no  decom- 
posiSnX  place  at  300°,  and  a  scarcely  perceptible  decompose 

*  Supplement  to  Watts's  Dictionary  of  Chemistry,  p.  425.  . 
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fcion  at  440°;  but  at  800°  (in  vapour  of  cadmium)  it  becomes  very 
perceptible,  and  goes  on  till  the  tension  of  the  evolved  carbon 
dioxide  becomes  equivalent  to  85  millimeters  of  mercury  •  there  it 
stops  so  long  as  the  temperature  remains  constant;  but  on  raisine 
the  temperature  to  1040°  (in  vapour  of  zinc)  more  carbon  dioxide 
u i  evolved  until  a  tension  equivalent  to  about  520  mm.  is  attained 
It  the  tension  be  reduced  by  working  the  pump,  it  is  soon  restored 
to  its  former  value  by  a  fresh  evolution  of  carbon  dioxide  If  on 
the  other  hand,  the  apparatus  be  allowed  to  cool,  the  carbon  dioxide 
is  gradually  reabsorbed  by  the  quicklime,  and  a  vacuum  is  re- 
established m  the  apparatus. 

Similar  phenomena  are  exhibited  in  the  efflorescence  of  hydrated 
salts  and  m  the  decomposition  of  the  compounds  of  ammonia  with 
metallic  chlorides,  m  closed  spaces. 

_  If  the  decomposed  body,  as  well  as  one  at  least  of  its  constituents 
is  gaseous,  it  is  not  possible  to  obtain  an  exact  measurement  of  the 
maximum  tension  corresponding  to  the  temperature;  nevertheless 
the  decomposition  is  foimd  to  take  place  according  to  the  same 
general  law,_  ceasing  as  soon  as  the  liberated  gases  have  attained  a 
certain  tension,  which  is  greater  as  the  temperature  is  higher 

it  has  long  been  known  that  chemical  combination  between  anv 
two  bodies  capable  of  uniting  directly  takes  place  only  at  and  above 
a  certain  temperature,  and  that  the  combination  is  broken  up  at  a 
Signer  temperature;  but  it  is  only  in  later  years  that  we  have 
become  acquainted  with  the  fact  that  bodies  like  water  besrin  to 
decompose  at  temperatures  considerably  below  that  which*  thev 
SmfTfwf6  aCt  °f  com.bining.  and  therefore  that  their  combina- 
vears  Ln  tl  rP!ratUre  18  ,ne^  comPlete-  Grove  showed  some 
J^LT  V\atT1H  reS0]ved  mt0  lts  elements  in  contact  with 
Seel  W  *  ,  T1MS  reaCti°n  baS  been  more  ^sely 

960° tSV^  tub?'  decomPosition  commences  at 

t  ia£(  TV  e  melting  P1mt  °f  Silver)'  but  Proceeds  oidy 
w  a  limited  extent ;  on  raising  the  temperature  to  1200°  further 

J5KK5 takea  plac£ hk     °^ to  a  ^ 

ceasing  in  fact  as  soon  as  the  liberated  oxygen  and  hydrogen  have 
attained  a  certain  higher  tension.  The  quantity  of  ff£ 
;   ;     y  -  fleeted  m  this  experiment  is,  howeveif  very  ZtfZ 

iro  °"  °f  ?'em  .reco,mblnhl8  aH  the'y  pass  'Wi  <  lie  cooler 
part  o  the .apparatus,  t,l  the  tension  of  the  remainder  is  reduced 

m  '  whjch ,  corresponds  to  the  lower  temperature 
extent  uevC0™binati°n  o£  th"  B***  may  be  prevented  to  a  certain 
S&  LTJim  "f  an  aPParatus  consisting  0f  a  wide  tube  oi 
* ..<  (..  ,t !,«•„ ware  througfi  the  axis  of  whirl,  passes  a  narrower 
f  °e  °*  Porous  earthenware,  the  two  being  lightly  fitted  by  per- 
sSSvT  Pl°Vldei  wilb  gae-deHvery  tribes,  and  the  Vfiole 
th  .m  neatecl  by  a  furnace.  Vapour  of  water  is  passed  through 
the  two  "'i  caTbon  ,Unx'u]v  through  the  annular  space  between 
and  the  gases,  after  passing  through  the  hei       iul.es,  are 


it 
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ated  from  the  oxygen  w  ^     h  ^  roUB 

change  and  this  being  prevented,  the  action  is  retaxaea •  "ii 
&  hnr  a  there  are  numerous  reactions  which  are  greatly  pro- 

always  accompanied  by  the  pr oduc 01  «™ ^ *nrutX 
Ohano-e  of  composition,  or  chemical  action,  and  heat  are  muu wuj 
rom  eltible a  "iven  amount  of  chemical  action  will  give  rise  to  a 
S^lniSonnt  of  heat  which  quantity  o hea  murtte 
directly  or  indirectly  expended,  m  order  to  re verse ^or 
the  chemical  action  that  has  produced  it.  ™ 
heat  by  cheinical  action,  and  the  definite  quantitative  relation 
Keen  the  amount  of  heat  evolved  and  the >  qua  itit  of 
Seal  action  which  takes  place,  ^^"^ 
facts  of  our  most  familiar  experience  ;  thus,  foi  ir^tance  the^njy 
practically  important  method  of  producing  heat  art ifaciaUj  eons  J 
in  chan-hia  the  elements  of  wood  and  coal,  together  with  atmo 
XiKxygen,  into  carbon  dioxide  and  water;  and  everj cj 
kS  tbat  the 'heat  thus  obtainable  from  a  given  quantity  of 
Sited,  and  is,  at  least  approximately,  always  the  same. 

The  acc  urate  measurement  of  the  quantity  of  heat  produced  by 
a  given  amount  of  chemical  action  is  a  problem  ot  very  great 
difficulty;  chiefly  because  cheinical  changes  very  seldom  1 gffl 
Sace  alone,  but  are  almost  always  accompanied  by  phj  - 
£  involving  further  calorimetric  effects  each  ot  which 
±33  to  be  Surately  measured  and  ^ed  for,  before  the 
S  due  to  the  cheinical  action  can  be  "ghtiy  estimated  Hm- 
Se  ultimate  result  has,  in  most  cases,  to  be  deduced  from  g 
rmJhn  of  independent  measurements,  each  liable  to  a  ccaraiu 
mU"  of  error.  It  is  therefore  not  surprising  that  the  resultej 
Si  SpSents  should  differ  to  a  comparatively  great  extent, 
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and  that  some  uncertainly  should  still  exist  as  to  the  exact  quantity 
ol  heat  corresponding  to  even  the  simplest  cases  of  chemical  action 
1  he  experiments  are  made  by  enclosing  the  acting  substances  in 
a  vessel  called  a  calorimeter,  surrounded  by  water  or  mercury  the 
rise  of  temperature  in  which  indicates  the  quantity  of  heat  evolved 
by  the  chemical  action,  after  the  necessary  corrections  have  been 
made  for  the  heat  absorbed  by  the  containing  vessel  and  the  other 
parts  ol  the  apparatus,  and  for  the  amount  lost  by  radiation  &c 
Combustions  m  oxygen  and  chlorine  are  made  in  a  copper  vessel' 
surrounded  by  water;  the  heat  evolved  by  the  mutual  action  of 
liquids  or  dissolved  substances  is  estimated  by  means  of  a  smaller 
calorimeter  containing  mercury.   The  construction  of  these  instru- 
ments and  the  methods  of  observation  involve  details  which  are 
beyond  the  limits  of  this  work* 

The  following  table  gives  the  quantities  of  heat,  expressed  in 
£eat-umts,t  evolved  m  the  combustion  of  various  elements,  and  a 
tew  compounds  iii  oxygen,  referred:  (1)  to  1  gram  of  each  sub- 
stance burned;  (2)  to  1  gram  of  oxygen  consumed;  (3)  to  one  atom 
or  molecule  (expressed  in  grams)  of  the  various  substances  :— 

Heat  of  Combustion  of  Elementary  Substances  in  Oxygen. 


Substance. 


Hydrogen    .  . 

Carbon— 

Wood-charcoal  . 

Gas-retort  carbon 
Native  graphite 
Artificial  graphite 
diamond  .  . 

Sulphur — 
Native  .... 
Recently  melted  . 
Flowers .  . 

Phosphorus — 
(Yellow)    .  . 

Zinc  .  . 

Iron  . 

Tin  . 

Copper  . 


Product. 


Units  of  heat  evolved. 


Byl 
gram  of 


By  1 
gram  of 


substance  oxygen 


CO, 


SO., 


Pj.0. 
ZnO 
Fea04 
SnOs 
CuO 


33881 
34462 

7900 
8080 
8047 
7797 
7762 
7770 

2220 
2260 
2307 


By  1  at, 
of  sub- 
stance. 


4235  33881 
4308  34462 


1330 
1582 
1147 
603 


2962 
3030 
3018 
2924 
2911 
2914 

2220 
2260 
2307 


5747  4454 


•  See  Miller's  Chemical  Physics, 
"I  Chemistry,  iii.  28,  103. 

T  Iho  unit  of  heat  here  adopted, 
1  K'«m  of  water  from  0°  toT  C. 


5390 
4153 
4230 
2394 


94800 
96960 
96564 
93564 
93144 
93940 

71040 
72320 
73821 

178157 
86450 
88592 

135360 
38304 


Observer. 


Andrews. 
Favre  &  Silber 
[mann 
Andrews. 
Favre  &  Silber- 
,,  [mann. 


Andrews. 


pp  388,  ei  seq.,  and  Wntts's  Dictionary 
is  the  quantity  of  heat  required  to  raise 
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The  following  results  have  heen  obtained  by  the  complete  com- 


Units  of  heat  evolved. 

Substance 

Product. 

By  1  gram 
of 

substance. 

In  formation 
of  1  molecule 
of  the  ultimate 
product. 

Obsener. 

Carbon  monoxide,  ) 

CO    .  .  .   •  S 

CO. 2 

(  2403 
1  2431 

67284 
68064 

(  Favre  k  Sil- 
|  bermann. 
Andrews. 

Stannous  oxide,  SnO 

Sn02 

519 

69584 

» > 

Cuprous  oxide,  Cu20 

CuO 

256 

18304 

The  last  three  substances  in  this  table  contain  exactly  half  as 
much  oxygen  as  the  completely  oxidised  products ;  and  on  com- 
paring the  amount  of  heat  evolved  in  the  formation  of  one  molecule 
of  stannic  or  cupric  oxide  from  the  corresponding  lower  oxide 
with  the  quantity  produced  when  a  molecule  of  the  same  product 
is  formed  by  the  complete  oxidation  of  the  metal  in  one  operation, 
we  find  that  the  combination  of  the  second  half  of  the  oxygen  con- 
tained in  these  bodies  evolves  sensibly  half  as  much  as  the  com- 
bination of  the  whole  quantity.  In  the  formation  of  carbon  di- 
oxide, however,  the  second  half  of  the  oxygen  appears  to  develope 
more  than  two-thirds  of  the  total  amount  of  heat ;  but  this  result 
is  probably  due,  in  part  at  least,  to  the  fact  that  when  carbon  is 
burned  into  carbon  dioxide,  a  considerable  but  unknown  quant  m 
of  heat  is  expended  in  converting  the  solid  carbon  into  gas,  and 
thus  escapes  measurement ;  while,  in  carbon  monoxide,  the  carbon 
already  exists  in  the  gaseous  form,  and  therefore  no  portion  ot  the 
heat  evolved  in  the  combustion  of  this  substance  is  similarlj 
expended  in  producing  a  change  of  state. 

It  seems  probable,  also,  that  a  similar  explanation  may  be  given 
of  the  inequabties  in  the  quantities  of  heat  produced  by  the  com- 
bustion of  different  varieties  of  pure  carbon  and  of  sulphur— that 
is  to  say,  that  a  portion  of  the  heat  generated  by  the  combustion 
of  diamond  and  graphite  goes  to  assimilate  their  molecular  con- 
dition to  that  of  wood-charcoal,  and  that  there  is  an  analogous 
expenditure  of  heat  in  the  combustion  of  native  sulphur. 

The  quantities  of  heat  evolved  in  the  combination  of  chlorine 
bromine,  and  iodine  with  other  elements  have  been  determined 
by  Favre  and  Silbermann,  Andrews,  and  others;  but  we  must 
refer  to  larger  works  for  the  results* 

*  Watts's  Dictionary  of  Chemistry,  iii.  109. 
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Reactions  in  Presence  of  Water.— The  thermal  effects  which  may 
result  from  the  reaction  of  different  substances  on  one  another  in 
presence  of  water,  are  more  complicated  than  those  resulting  from 
direct  combination.  In  addition  to  the  different  specific  heats  of 
the  re-agents  and  products,  and  to  the  different  quantities  of  heat 
absorbed  by  them  in  dissolving,  or  given  out  by  them  in  combin- 
ing with  water,  the  conversion  of  soluble  substances  into  insoluble 
ones,  as  a  consequence  of  the  chemical  action,  or  the  inverse  change 
of  insoluble  into  soluble  bodies,  are  among  the  secondary  causes  to 
which  part  of  the  calorhnetric  effect  may  be  due  in  these  cases. 

When  a  gas  dissolves  in  water,  the  heat  due  to  the  chemical 
action  is  augmented  by  that  due  to  the  liquefaction  of  the  gas;  so 
also  when  a  solid  body  is  dissolved  in  water,  the  total  thermal 
Mtect  is  due  m  part  to  the  chemical  action  taking  place  between 
the  water  and  the  solid,  and  in  part  to  the  liquefaction  of  the  sub- 
stance dissolved.  In  the  former  case  the  chemical  and  physical 
parts  of  the  phenomenon  both  cause  evolution  of  heat;  in  the 
latter  case  the  physical  change  occasions  disappearance  of  heat, 
ami  1  this  effect  is  greater  than  that  due  to  the  chemical  action 
the  ultimate  effect  is  the  production  of  cold,  and  it  is  this  which  is 
generally  observed. 

Gold  produced  by  Chemical  Decomposition.— It  is  highly  probable 
that  the  thermal  effect  of  the  reversal  of  a  given  chemical  action 
>s  in  ail  cases  equal  and  opposite  to  the  thermal  effect  of  that  action 
"sell.    A  direct  consequence  of  this  proposition  is  that  the  separ- 
mm  of  atly  two  bodies  is  attended  with  the  absorption  of  a  quantity 
ojneat  equal  to  that  which  is  evolved  in  their  combination.    The  truth 
"i  'Ins  deduction  has  been  experimentally  established  in  various 
cases,  by  Wood  *  Joule,t  and  Favre  and  Silbermann,  by  comparing 
toe  heat  evolved  m  the  electrolysis  of  dilute  sulphuric  acid,  or 
*™mm  of  metallic  salts,  with  that  which  is  developed  in  a  thin 
>  e  ai  he  wire  by  a  current  of  the  same  strength  :  also  by  comparison 
i  tne  neat  evolved  in  processes  of  combination  accompanied  by 
■  multaneous  decomposition,  with  that  evolved  when  the  same 
combination  occurs  between  free  elements. 
by !  determining  the  heat  evolved  when  different  metals  were 
ve,l  ,„  wate  or  dilute  acid,  Wood  found  that  it  was  less  than 
;l    ^'J'  l'  would  be  produced  by  the  direct  oxidation  of  the  same 
[,,,..  ;'  by  »  quantity  equal  to  that  which  would  be  obtained  by 
'   "g  hr  hydrogen  set  free,  or  which  was  expended  in  decom- 
J23Lthe  u  :!7  or  acid;  and,  therefore,  that  when  this  latter 
I      '  y  was  added  to  the  results,  they  agreed  with  the  numbers 
pwn  by  experiments  of  direct  oxidation. 


PL 


Mng.,  [4]  ii.  368 ;  iv.  370.  f  Ibid.,  iii.  481. 
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ELECTRO-CHEMICAL  DECOMPOSITION;  CHEMISTRY 
OF  THE  VOLTAIC  PILE. 

When  a  voltaic  current  of  considerable  V^Js^eto  traverse 
vsrious  compound  liquids,  a  separation  of  the  elements  oi  tnese 
22  Provided  that  tie  HgnM  be  capable  of  conductmg 
the  cm-rent  its  decomposition  almost  always  follows, 
^hrelements  are  Lengaged  solely  at  the  limiting  surfaces >  o 
thP  bmrid  where  according  to  the  common  mode  of  speech,  tne 
SiSSlS^STeB  the  latter,  all  the  intermediate  portions 
appear  no  perfectly  quiescent.    In  addition,  the  elements  are  not 
™2£differently  and  at  random  at  these  two  surfaces;  but, 
Tthe  coXary,  nuie  their  appearance  with  pert* j^gj 
and  constancy  at  one  or  the  other,  accordmg  to  th en « 
character,  namely,  oxygen,  chlorme,  iodine,  acifc  to,  aitt* 
surface  connected  with  the  copper,  or  positive 
hydro-en,  the  metals,  &c,  at  the  surface  in  connection  with  tne 
zinc,  or  negative  extremity  of  the  arrangement 

The  terminations  of  the  battery  itself-usually,  but  by  no  mean, 
necessarilv,  of  metal-are  designated  poles  or  electrodes,*  as  by 
^^intervention  the  liquid  to  be  experimented  on  a: mad^a pari 
of  the  circuit.  The  process  of  decomposition  by  the  current  ly 
called  electrolysis^  and  the  liquids,  which,  when  thus  treated,  yield 
up  their  elements,  are  denomiiiated  electrolytes. 

When  a  pair  of  platinum  plates  are  plunged  into  a J la&> 
water  to  which  a  few  drops  of  oil  of  vitriol  tave  been  added  and 
the  plates  connected  by  wires  with  ^"^^S 
battery,  oxygen  is  disengaged  at  the  positive  electrode  and  h> 
.en  at  the  negative,  in  the  proportion  of  one  measure  <* 
to  two  of  the  latter  nearly.    This  experiment  has  before  been 

deA  solution  of  hydrochloric  acid  mixed  with  a  little  Saxon  blue 
(indigo),  and  treated  in  the  same  maimer,  yields  hydrogen  on  tW 
negative  side  and  chlorine  on  the  positive,  the  indigo  there  becom- 
ing bleached.  .  ,  .  ^-vm-in- 

Potassium  iodide  dissolved  in  water  is  decomposed  m  a  sinrnai 
manner:  the  free  iodine  at  the  positive  side  can  be  recognised ID) 
its  brown  colour,  or  by  the  addition  of  a  little  gelatinous  starch. 

All  liquids  are  not  electrolytes ;  many  refuse  to  conduct,  ana  no 
decomposition  can  then  occur :  alcohol,  etner,  numerous  ess enbal 
oils,  and  other  products  of  organic  c  lemistry,  besides  a  few  sahne 
inorganic  compounds,  act  in  this  manner,  and  completely  arresi 
the  current  of  a  powerful  battery. 

*  From  fikeicrpov,  and  ono's.  a  way. 
f  From  i'AcKrpov,  and  Xieiv,  to  loose.  S  Page 
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One  of  the  most  important  and  indispensable  conditions  of 
electrolysis  is  fluidity ;  bodies  which,  when  reduced  to  the  liquid 
state,  conduct  freely,  and  as  freely  suffer  decomposition,  become 
absolute  insulators  to  the  electricity  of  the  battery  when  they 
become  solid.  Lead  chloride  offers  a  good  illustration  of  this  fact  : 
when  fused  in  a  porcelain  crucible,  it  gives  up  its  elements  with 
the  utmost  ease,  and  a  galvanometer,  interposed  somewhere  in  the 
circuit,  is  strongly  affected.  But  when  the  source  of  heat  is  with- 
drawn, and  the  salt  suffered  to  solidify,  signs  of  decomposition 
cease,  and  at  the  same  moment  the  magnetic  needle  reassumes  its 
natural  position.  In  the  same  manner,  the  thinnest  film  of  ice 
arrests  the  current  of  a  powerful  voltaic  apparatus ;  but  the  instant 
the  ice  is  liquefied  at  any  one  point,  so  that  water  communication 
is  restored  between  the  electrodes,  the  current  again  passes,  and 
decomposition  occurs.  Fusion  by  heat,  and  solution  in  aqueous 
liquids,  answer  the  purpose  equally  well. 

Generally  speaking,  compound  liquids  cannot  conduct  the  elec- 
tric current  without  being  decomposed ;  but  still  there  are  a  few 
exceptions  to  this  statement,  which  perhaps  are  more  apparent 
&an  real  Thus  Hittorf  has  shown  that  fused  silver  sulphide, 
which  was  formerly  regarded  as  one  of  the  exceptions,  cannot  be 
considered  to  be  so,  and  Beetz  has  since  proved  the  same  to  be  the 
case  as  regards  mercuric  iodide  and  lead  fluoride. 

The  quantity  of  any  given  compound  liquid  which  can  be 
decomposed  by  any  given  electric  battery  depends  on  the  resist- 
ance of  the  liquid:  the  more  resistance  the  less  decomposition. 
Distilled  water  has  only  a  small  power  of  conduction,  and  is  there- 
lore  only  slightly  decomposed  by  a  battery  of  30  to  40  pairs; 
whilst  diluted  sulphuric  acid  is  one  of  the  best  of  fluid  conductors, 
m     r"°eS  iapid  decomPosition  by  a  small  battery. 
When  a  liquid  which  can  be  decomposed,  and  a  galvanometer, 
are  included  m  the  circuit  of  an  electric  current,  if  the  needle  of 
we  galvanometer  be  deflected,  it  may  be  always  assumed  as  certain 
ut,  a  portion  of  liquid,  bearing  a  proportion  to  the  strength  of 
cne  current,  is  decomposed,  although  it  may  be  impossible  in  many 
cases,  without  special  contrivances,  to  detect  the  products  of  the 
decomposition,  on  account  of  their  minuteness. 

he  metallic  terminations  of  the  battery,  the  poles  or  electrodes, 
,'4V"'  ",!  tnemselves,  nothing  in  the  shape  of  attractive  or  repulsive 
power  tor  the  elements  separated  at  their  surfaces.  Finely  divided 
s,?sPen<led  in  water,  or  chlorine  held  in  solution  in  that 
'       shows  not  the  least  symptom  of  a  tendency  to  accumulate 
:„  V'"Vll"m;  "  elemenl  is  altogether  unaffected— directly, 


.*  i  •  ciouioiiu  is  tuiugewier  unanecieo. — cuieouv, 

•  '  ^j;  separation  from  previous  combination  is  required,  in 
™».tha1  this  appearance  should  be  exhibited 

w  necessary  to  examine  the  process  of  electrolysis  a  little 
.^  closely.    When  a  portion  0f  hydrochloric  arid,  for  example, 
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chlorine  is  disengaged  at  the  positive  electrode,  and  hydrogen  at 
the  negative :  the  gases  are  perfectly  pure  and  unmixed.  It,  while 
the  decomposition  is  rapidly  proceeding,  the  intervening  liquid .  h, 
examined  by  a  beam  of  light,  or  by  other  means,  not  the  slightest 
disturbance  or  movement  of  any  hind  will  be  perceived ;  nothing 
like  currents  in  the  liquid  or  bodily  transfer  of  gas  from  one  part 
to  another  can  be  detected;  and  yet  two  portions  oi  hydrochloric 
acid,  separated  perhaps  by  an  interval  of  four  or  five  inches,  may 
be  respectively  evolving  pure  chlorine  and  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mode  of  explaining  tins  and 
all  similar  cases  of  regular  electrolytic  decomposition:  this  is  by 
assuming  that  all  the  particles  of  hydrochloric  acid  between  the 
electrodes,  and  by  which  the  current  is  conveyed,  simultaneously 
suffer  decomposition,  the  hydrogen  travelling  m  one  direction, 
and  the  chlorine  in  the  other.    The  neighbouring  elements  thus 
brought  into  close  proximity,  unite  and  reproduce  hydrochloric 
acid,  again  destined  to  be  decomposed  by  a  repetition  ot  the  same 
change?    In  this  manner,  each  particle  of  hydrogen  may  be  made 
to  travel  in  one  direction,  by  becoming  successively  united  to  each 
particle  of  chlorine  between  itself  and  the  negative  electrode; 
when  it  reaches  the  latter,  finding  no  disengaged  particle  ot 
chlorine  for  its  reception,  it  is  rejected,  as  it  were  fa-om  the  series, 
and  thrown  off  in  a  separate  state.    The  same  thing  happens  to 
each  particle  of  chlorine,  which  at  the  same  tune  passes  contin- 
ually in  the  opposite  direction,  by  combining  successively  v*  mi 
each  particle  of  hydrogen,  that  moment  separated,  with  which  q 
meets,  until  at  length  it  arrives  at  the  positive  plate  or  wire,  ana 
is  disengaged.    A  succession  of  particles  of  hydrogen  is  thus 
continually  thrown  off  from  the  decomposing  mass  at  one  extrem- 
ity, and  a  corresponding  succession  of  particles  of  chlorine  at  the 
other.    The  power  of  the  current  is  exerted  with  equal  energy  in 
every  part  of  the  liquid  conductor,  though  its  effects  become  mani- 
fest only  at  the  very  extremities.    The  action  is  one  ot  a  P^y 
molecular  or  internal  nature,  and  the  metallic  terminations  ot  tne 
battery  merely  serve  the  purpose  of  completing  the  connection 
between  the  latter  and  the  liquid  to  be  decomposed.    The  figures 
117  and  118  are  intended  to  assist  the  imagination  ot  the  readei, 


Fie.  117. 


®M®M®1®1® 


■Hydrochloric  acid  in  its  usual  state. 

who  must  at  the  same  time  avoid  regarding  them  in  any  othw 
light  than  that  of  a  somewhat  figurative  mode  oi  representing  tne 
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curious  phenomena  described.    The  circles  are  intended  to  indi- 
cate the  elements,  and  are  distinguished  by  their  respective  symbols- 
Fig.  118. 


il®M®M©@ 


Hydrochloiic  acid  undergoing  electrolysis 

Like  hydrochloric  acid,  all  electrolytes,  when  acted  on  by  elec- 
tricity, are  split  into  two  constituents,  which  pass  in  opposite 
directions.  The  one  class  of  substances,  like  oxygen,  chlorine, 
&c,  are  evolved  at  the  positive  electrode;  the  other  class,  like 
hydrogen  and  the  metals,  at  the  negative  electrode. 

It  is  of  importance  to  remark  that  oxygen  -  salts,  such  as 
sulphates  and  nitrates,  when  acted  on  by  the  current,  do  not 
divide  into  acid  and  basic  oxide,  but,  as  Daniell  and  Miller  proved, 
into  metal  and  a  compound  substance,  or  group  of  elements,  which 
is  transferred  in  such  a  state  of  association  that,  as  regards  its 
electrical  behaviour,  it  represents  an  element.  Thus,  cupric 
sulphate,  CuS04,  splits,  not  into  S03  and  CuO,  but  into  metallic 
copper  and  subphione,  S04.  Hydrogen  sulphate,  or  sulphuric  acid, 
H2S04,  divides  into  the  same  compound  group  and  hydrogen.  In  a 
similar  way,  also,  the  part  of  the  electrolyte  which  passes  to  the  nega- 
tive pole  may  consist  of  a  group  of  elements.  A  solution  of  sal- 
ammoniac,  NH4C1,  furnishes  a  beautifid  instance  of  this  fact,  since  it 
B  decomposed  by  the  current  in  such  a  manner  that  the  ammonium, 
WH.„  goes  to  the  negative  pole,  where  it  is  resolved  into  ammonia, 
JNH3,  and  free  hydrogen,  and  the  chlorine  to  the  positive  pole. 

A  distinction  must  be  carefully  drawn  between  true  and  regular 
electrolysis,  and  what  is  called  secondary  decomposition,  brought 
ahout  by  the  reaction  of  the  bodies  so  eliminated  upon  the 
surrounding  liquid,  or  upon  the  substance  of  the  electrodes :  hence 
tne  advantage  of  platinum  for  the  latter  purpose,  when  electrolytic 
actions  are  to  be  studied  in  their  greatest  simplicity,  that  metal 
oeing  scarcely  attacked  by  any  ordinary  agents.  When,  for 
''•x:""l,|,!' a  solution  of  lead  nitrate  or  acetate  is  decomposed  by  the 
current  between  platinum  plates,  metallic  lead  is  deposited  at  the 
Wtive  side,  and  a  brown  powder,  lead  dioxide,  at  the  positive: 
f  latter  substance  is  the  result  of  a  secondary  action  ;  it  proceeds, 
™  'act,  from  the  nascent  oxygen,  at  the  moment  of  its  liberation, 
reacting  upon  the  monoxide  of  lead  present  in  the  salt,  and  con- 
ing it  into  dioxide,  which  is  insoluble  in  the  dilute  acid. 

"  ,ll,nr  ••"'id  is  decomposed,  no  hydrogen  appears  at  the 
negative  <•  er.t,ro,lc,  because  it  is  oxidised  at  the  expense  of  the 
',",|>  which  is  reduced  to  nitrous  acid  gas.  When  potassium 
sulphate,  K2S04,  is  electrolysed,  hydrogen  appears  at  the  negative 
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electrode,  together  with  an  equivalent  quantity  of  potassium 
hydrate,  KHO,  because  the  potassium  which  is  evolved  at  the 
electrode  immediately  decomposes  the  water  there  present.  At 
the  same  time,  the  sulphione,  S04,  which  is  transferred  to  the 
positive  electrode,  takes  hydrogen  from  the  water  there  present, 
forming  sulphuric  acid,  H8S04,  and  liberating  oxygen.    In  like 
manner  hydrogen  sulphate,  or  sulphuric  acid  itself,  is  resolved  by 
the  current  into  hydrogen  and  sulphione,  which  latter  decomposes 
the  water  at  the  positive  electrode,  reproducing  hydrogen  sulphate, 
and  liberating  oxygen,  just  as  if  the  water  itself  were  directly 
decomposed  by  the  current  into  hydrogen  and  oxygen.   A  similar 
action  takes  place  in  the  electrolytic  decomposition  of  any  other 
oxygen-salt  of  an  alkali-metal,  or  alkaline  earth-metal,  alkali  and 
hydrogen  gas  making  their  appearance  at  the  negative  electrode, 
acid  and  oxygen  gas  at  the  positive  electrode.    This  observation 
explains  a  circumstance  which  much  perplexed  the  earlier  experi- 
menters upon  the  chemical  action  of  the  voltaic  battery,    in  all 
experiments  in  which  water  was  decomposed,  both  acid  and  alkali 
were  liberated  at  the  electrodes,  even  though  distilled  water  was 
employed;  and  hence  it  was  believed  for  some  time  that  the 
voltaic  cm-rent  had  some  mysterious  power  of  generating  acid  and 
alkaline  matter.    The  true  source  of  these  compounds  was  how- 
ever, traced  by  Davy*  who  showed  that  they  proceeded  from 
impurities  either  in  the  water  itself,  or  in  the  vessels  which 
contained  it,  or  in  the  surrounding  atmosphere.    Having  proved 
that  ordinary  distilled  water  always  contams  traces  oi  saline 
matter,  he  redistilled  it  at  a  temperature  below  the  boiling  point, 
in  order  to  avoid  all  risk  of  carrying  over  salts  by  splashing.  Me 
then  found  that  when  marble  cups  were  used  to  contain  the  water 
used  for  decomposition,  hydrochloric  acid  appeared  at  the  positive 
electrode,  soda  at  the  negative,  both  being  derived  from  sodium, 
chloride  present  in  the  marble ;  when  agate  cups  were  used,  He 
obtained  silica;  and  when  he  used  gold  vessels,  he  obtained 
nitric  acid  and  ammonia,  which  he  traced  to  atmospheric  air. 
By  operating  in  a  vacuum,  indeed,  the  quantity  of  acid  and 
alkali  was  reduced  to  a  minimum,  but  the  decomposition  was! 
almost  arrested,  although  he  operated  with  a  battery  of  fifty  pairs 
of  4-inch  plates.    Hence  it  is  manifest  that  water  itself  is  not  an 
electrolyte,  but  that  it  is  enabled  to  convey  the  current  if  it  con- 
tains oidy  traces  of  saline  matter,  t 

If  a  number  of  different  electrolytes,  such  as  dilute  sulphuric 
acid  cupric  sulphate,  potassium  iodide,  fused  lead  chloride.  dzc.| 
be  arranged  in  a  series,  and  the  same  current  be  made  to  traverse 
the  whole,  all  will  suffer  decomposition  at  the  same  time,  but  by 
no  means  to  the  same  amount,  If  arrangements  be  made  bj 
which  the  quantities  of  the  eliminated  elements  can  be  accurateij 
ascertained,  it  will  be  found,  when  the  decomposition  has  pro- 
•  Philosophical  Transactions,  1807.     +  Miller's  Chemical  Physics,  p.  48* 
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Fig.  119. 


ceeded  to  some  extent,  that  these  latter  have  been  disengaged 
exactly  in  the  ratio  of  their  chemical  equivalents.  The  same 
cm-rent  which  decomposes  9  parts  of  water  will  separate  into 
their  elements  166  parts  of  potassium  iodide,  139  parts  of  lead 
chloride,  &c.  Hence  the  very  important  conclusion :  The  action  of 
the  current  is  perfectly  definite  in  its  nature,  'producing  a  fixed  and 
constant  amount  of  decomposition,  expressed  in  each  electrolyte  by  the 
value  of  its  chemical  equivalent. 

From  a  very  extended  series  of  experiments,  based  on  this  and 
other  methods  of  research,  Faraday  was  enabled  to  draw  the 
general  inference  that  effects  of  chemical  decomposition  are 
always  proportionate  to  the  quantity  of  circulating  electricity,  and 
may  be  taken  as  an  accurate  and  trustworthy  measure  of  the 
latter.  Guided  by  this  highly  important  principle,  he  constructed 
his  voltameter,  an  instrument  which  has  rendered  the  greatest 
service  to  electrical  science.  This  is  merely  an  arrangement  by 
which  dilute  sulphuric  acid  is  decom- 
posed by  the  current,  the  gas  evolved 
being  collected  and  measured.  By 
placing  such  an  instrument  in  any  part 
of  the  circuit,  the  quantity  of  electric 
force  necessary  to  produce  any  given 
effect  can  be  at  once  estimated ;  or,  on 
the  other  hand,  any  required  amount 
of  the  latter  can  be,  as  it  were, 
measured  out  and  adjusted  to  the 
object  in  view.  The  voltameter  has 
received  many  different  forms :  one  of 
the  most  extensively  useful  is  that 
shown  in  fig.  119,  in  which  the  plati- 
num plates  are  separated  by  a  very 
small  interval,  and  the  gas  is  collected  in  a  graduated  jar  standing 
on  the  shelf  of  the  pneumatic  trough,  the  tube  of  the  instrument, 

beneaththe    t0  ^  ne°k  With         8ulphuric  acid>  being  Passed 
•ft'  ,tie1d^oomPositioi]S.  Proceed,  by  the  voltaic  battery  can  be 
,     ,ecl        the  electricity  of  the   common  machine,'  by  that 
ueveioped  by  magnetic  action,  and  by  that  of  animal  origin,  but 
soan  extent  incomparably  more  minute.    This  arises  from  the 
verj  small  quantity  of  electricity  set  in  motion  by  the  machine, 
■  ™W»«e  tension— that  is,  power  of  overcoming  obstacles,  and 
passing  through  imperfect  conductors— is  exceedingly  great.  A 
h  n  ot  small  wires  of  y.im  and  platinum,  dipping  into  a  single 
"I1  'Z1  dilute  acid,  developes  far  more  electricity,  to  judge  from  the 
lemical  effects  of  such  an  arrangement,  than  very  many  turns 
!  ,  UlT'f  l'hlt"  electrical  machine  in  powerful  action.  Neverthe- 
88,  polar ■  or  electrolytic  decomposition  can  be  distinctly  and 
'wwtactonly  effected  by  the  latter,  although  on  a  minute  scale. 
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With  a  knowledge  of  the  principles  laid  down,  the  study  of  the 
voltaic  battery  may  be  resumed  and  completed.  In  the  first 
place,  two  very  different  views  have  been  held  concerning^  the 
source  of  the  electrical  disturbance  in  that  apparatus.  Volta 
himself  ascribed  it  to  mere  contact  of  dissimilar  metals  or  other 
substances  conducting  electricity— to  what  was  denominated  an 
electro-motive  force,  called  into  being  by  such  contact.  Proof  was 
supposed  to  be  given  of  this  fundamental  proposition  by  an 
experiment  in  which  discs  of  zinc  and  copper  attached  to  insulat- 
ing handles,  after  being  brought  into  close  contact,  were  found,  by 
the  aid  of  a  very  delicate  gold-leaf  electroscope,  to  be  m  opposite 
electrical  states.  It  appears,  however,  that  the  more  carefully  this 
experiment  is  made,  the  smaller  is  the  effect  observed :  and  hence 
it  is  judged  highly  probable  that  the  whole  may  be  due  to 
accidental  causes,  against  which  it  is  almost  impossible  to  guard. 

On  the  other  hand,  the  observation  was  soon  made  that  the 
power  of  the  battery  always  bears  some  kind  of  proportion  to  the 
chemical  action  upon  the  zinc ;  that,  for  instance,  when  pure 
water  is  used,  the  effect  is  extremely  feeble ;  with  a  solution  oi 
salt,  it  becomes  much  greater ;  and,  lastly,  with  dilute  acid,  greatest 
of  all ;  so  that  some  relation  evidently  exists  between  the  chemical 
effect  upon  the  metal  and  the  evolution  of  electrical  force. 

The  experiments  of  Faraday  and  Daniell  have  given  very  great 
support  to  the  chemical  theory,  by  showing  that  the  contact  oi 
dissimilar  metals  is  not  necessary  in  order  to  call  into  being  power- 
fid  electrical  currents,  and  that  the  development  of  electrical  force 
is  not  only  in  some  way  connected  with  the  chemical  action  of  the 
liquid  of  the  battery,  but  that  it  is  always  in  direct  proportion  to 
the  latter.  One  very  beautiful  experiment,  in  which  electrolytic 
decomposition  of  potassium  iodide  is  performed  by  a  current  gene- 
rated without  any  contact  of  dissimilar  metals,  can  be  thus  made:— 
A  plate  of  zinc  is  bent  at  a  right  angle,  and  cleaned  by  rubbing 
with  sand-paper.  A  plate  of  platinum  has  a  wire  of  the  same 
metal  attached  to  it  by  careful  riveting,  and  the 
Fig.  120.  wire  is  bent  into  an  arch.  A  piece  of  folded  filter- 
paper  is  wetted  with  solution  of  potassium  iodide, 
and  placed  upon  the  zinc ;  the  platinum  plate  is 
arranged  opposite  to  the  latter,  with  the  end  of  its 
wire  resting  upon  the  paper ;  and  then  the  pair  is 
plunged  into  a  glass  of  dilute  sulphuric,  mixed 
with  a  few  drops  of  nitric  acid.  A  brown  spot  ol 
iodine  becomes  in  a  moment  evident  beneath  the 
extremity  of  the  platinum  wire — that  is,  at  the 
positive  side  of  the  arrangement.  . 

A  strong  argument  in  favour  of  the  chemical 
view  is  founded  on  the  easily  proved  fact,  that  the 
direction  of  the  current  is  determined  by  the  kind 
of  action  upon  the  metals,  the  one  least  attacked  being  always 
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positive.  Let  two  polished  plates,  the  one  iron  and  the  other 
copper,  be  connected  by  wires  with  a  galvanometer,  and  then 
immersed  in  a  solution  of  an  alkaline  sulphide.  The  needle  in  a 
moment  indicates  a  powerful  current,  passing  from  the  copper 
through  the  liquid  to  the  iron,  and  back  again  through  the  wire 
Let  the  plates  be  now  removed,  cleaned,  and  plunged  into  dilute 
acid ;  the  needle  is  again  driven  round,  but  in  the  opposite  direc- 
tion, the  current  now  passing  from  the  iron  through  the  liquid  to 
the  copper.  In  the  first  instance,  the  copper  is  acted  upon,  and 
not  the  iron;  m  the  second,  these  conditions  are  reversed  and 
with  them  the  direction  of  the  current. 

The  metals  employed  in  the  construction  of  voltaic  batteries 
are  zinc  for  the  active  metal,  and  copper,  silver,  or,  still  better 
platinum  for  the  inactive  one :  the  greater  the  difference  of  oxid- 
ability,  the  better  the  arrangement.    The  liquid  is  either  dilute 
sulphuric  acid,  sometimes  mixed  with  a  little  nitric,  or  occa- 
sionally where  very  slow  and  long-continued  action  is  wanted 
salt  and  water.    To  obtain  the  maximum  effect  of  the  apparatus 
with  the  least  expenditure  of  zinc,  that  metal  must  be  employed 
m  a  pure  state  or  its  surface  must  be  covered  with  an  amalgam 
which  m^its  electrical  relations  closely  resembles  the  pure  metal' 
ihe  zmc  is  easily  brought  into  this  condition  by  wetting  it  with 
dilute  sulphuric  acid,  and  then  rubbing  a  little  mercury  over  it 
by  means  of  a  piece  of  rag  tied  to  a  stick.  ' 

The  principle  of  the  compoimd  batteiy  is,  perhaps,  best  seen  in 
the  crown  of  cups:  by  each  alternation  of  zinc,  fluid,  and  copper 
the  current  is  urged  forwards  with  increased  energy;  its  intensity 
«  augmented,  but  the  actual  amount  of  electrical  force  throwri 
mto  the  current  form  is  not  increased.  The  quantity,  estimated 
I  it ™P0SlnS  P°wer>  1S>  111  ^t,  determined  by  that  of  the 
m    l™  anl    3St  of  Plates,  the  quantity  of  electricity 

n every  part  or  section  of  the  circuit  being  exactly  equal.  Hence 
large  and  small  plates,  batteries  strongly  and  weakly  chared  can 
never  be  connected  without  great  lossrf  power       7       g  ' 
pure  ™Zi^tteTy!  elthetr  simple  or  compound,  constructed  with 
add  ™i   a^?a™ated  zlnc>  18  barged  with  dilute  sulphuric 
While  H          °{ hlgM?  mt.ere8tlng  Phenomena  may  be  observed. 
noTcid^  T      reTmS  b,T01en'  ^e  zinc  is  Perfectly  inactive, 
the  cln^i JecomPose<  >  ™  hydrogen  liberated;  but  the  moment 
the  X  wY  C0I^leted>  torrents  «f  hydrogen  arise,  not  from 
the       ni  l    tronVthe  c°PPer  or  platinum  surfaces  alone,  while 
■     «nc  undergo™  tranquil  and  imperceptible  oxidation  and  solu- 
•    Thus,  exactly  the  same  effects  are  seen  to  occur  in  every 
ivfoLZ    "•  ,a  el°nSed  ™cmt>  that  are  witnessed  in  a  portion  of 
'      ■'■    and  undergoing  electrolysis:  oxygen  appears  at  the 
s"  V1     re»pect  to  the  current,  and  hy&ogen  at  the 
Jgtive;  but  with  this  difference,  that  the  oxygen,  «* 
oewg  set  free,  combines  with  the  zinc,    [t  is,  in  fact,  a  rea 
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of  electrolysis,  and  electrolytes  alone  are  available  as  exciting 

liqCo™n  zinc  is  very  readily  attacked  and  dissolved  by  dilute 
sulphuric  acid;  and  this  is  usually  supposed  to  arise .  from  the 
formation  of  a  multitude  of  little  voltaic  circles,  by  the  aid  ot 
particles  of  foreign  metals  or  graphite,  partially  imbed ded  m  the 
zinc  This  gives  rise  in  the  battery  to  what  is  called  local  action, 
bv  which,  in  the  common  forms  of  apparatus,  three-fourths  or 
more  of  the  metal  is  often  consumed,  without  contributing  in 
the  least  to  the  general  effect,  but,  on  the  contrary,  injuring  i ;  to 
extent     This  evil  is  got  rid  of  by  amalgamating  the  sur- 


some 
face. 


By  careful  experiments,  in  which  local  action  was  completely 
avoided,  it  has  been  distinctly  proved  that  the  quantity  of  elec- 
tricity set  in  motion  by  the  batteiy  varies  exactly  with  the  zinc 
cbssolved.  Coupling  this  fact  with  that  of  the  defini e  action 
of  the  current,  it  will  be  seen  that  when  a  perfect  battery  of  this 
kind  is  employed  to  decompose  hydrochloric  acid,  in  order  to 
evolve  1  grW  of  hydrogen  from  the  latter,  32 "5  grams  of  zinc 
must  be  dissolved  as  chloride,  and  its  equivalent  quantity  _pt 
hydrogen  disengaged  in  each  active  cell  of  the  battery-that  is  to 
say,  that  the  electrical  force  generated  by  the  solution  of  an  equi- 
valent of  zinc  m  the  battery  is  capable  of  effecting  the  decoc- 
tion of  an  equivalent  of  hydrochloric  acid  or  any  other  electrolyte 

0X  Thteis  an  exceedingly  important  discovery :  it  serves  to  show, 
in  the  most  striking  manner,  the  intimate  nature  of  the  collection 
between  chemical  and  electrical  forces,  and  then-  remarkable 
quantitative  or  equivalent  relations.  It  almost  see ms,  to; use  an 
expression  of  Faraday,  as  if  a  transfer  of  chemical  foKe  tookg 
through  the  substance  of  solid  metallic  conductors ;  that  chemical 
actions,  caUed  into  play  in  one  portion  of  the  circuit,  could  be 
made  at  pleasure  to  exhibit  their  effects  without  loss  or  diminution 

mffieti»aa  hypothesis,  not  of  recent  date,  long  countenanced 
and  supported  by  the  illustrious  Berzelius,  which  refers  all  chemi- 
cal phenomena  to  electrical  forces— which  supposes  that  bodies 
combine  because  they  are  in  opposite  electrical  states ;  even >  tue 
heat  and  light  accompanying  chemical  union  may  be,  to  a  ceicam 
extent,  accounted  for  in  this  manner.  In  short,  we  are  in  such* 
position,  that  either  may  be  assumed  as  cause  or  effect :  it  may  D 
that  electricity  is  merely  a  form  or  modification  of  ordinary  chenuj 
I'll  affinity;  or,  on  the  other  hand,  that  all  chemica]  action  is  a 
manifestation  of  electrical  force. 

This  electro-chemical  theory  is  no  longer  received  as  a  n 
explanation  of  chemical  phenomena  to  the  full  extent  intended  \ 
iSSor    Berzelius,  indeed,  supposed  that  the  combining 
dendes  of  elements,  and  their  functions  in  compounds,  depend 
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altogether  on  their  electric  polarity;  and  accordingly  he  divided 
the  elements  into  two  classes,  the  electro-positive,  which  like 
hydrogen  and  the  metals,  move  towards  the  negative  pole  of  the 
battery,  as  if  they  were  attracted  by  it,  and  the  electro-negative 
which,  like  oxygen,  chlorine,  and  bromine,  move  towards  the 
]  m  isitive  pole.    We  are,  however,  acquainted  with  a  host  of  pheno- 
mena w  hich  show  that  the  chemical  functions  of  an  element  depend 
upon  its  position  with  regard  to  other  elements  in  a  compound 
quite  as  much  as  upon  its  individual  character.    Thus  chlorine' 
the  very  type  of  an  electro-negative  element,  can  be  substituted 
tor  hydrogen,  one  of  the  most  positive  of  the  elements,  in  a  lar*e 
number  oi  compounds,  yielding  new  products,  which  exhibit  the 
closest  analogy  m  composition  and  properties  to  the  compounds 
from  which,  they  are  derived.    It  is  impossible,  therefore,  to  admit 
that  the  chemical  functions  of  bodies  are  determined  exclusively 
by  their  electrical  relations.    Still  it  is  true  in  a  general  way  that 
those  elements  which  differ  most  strongly  in  their-  electrical  char- 
acters, chlorine  and  potassium,  for  example,  are  likewise  those 
which  combine  together  with  the  greatest  energy ;  and  the  division 
ol  bodies  into  electro-positive  and  electro-negative  is  therefore 
retained;  the  former  are  also  called  acid  or  chlorous,  and  the 
latter  basylous  or  zincous. 

In  all  the  older  forms  of  the  voltaic  battery,  such  as  those 
described  on  pages  98,  99,  the-power  rapidly  decreases,  so  that,  after 
a  short  tune,  scarcely  the  tenth  part  of  the  original  action  remains 
Ins  loss  of  power  depends,  partly  on  the  gradual  change  of  the 
sulphuric  acid  into  zinc  sidphate,  but  still 
more  on  the  coating  of  hydrogen,  and,  at  a  Fig.  121. 

later  stage,  on  the  precipitation  of  metallic 
zinc  on  the  copper  plates.  It  is  self-evident 
that  it  the  copper  plate  in  the  liquid  became 
covered  with  zinc,  it  woidd  act  electrically 
'ike  a  zinc  plate. 

An  apparatus  of 'immense  value  for  pur- 
poses ol  electro-chemical  research,  in  which 
"  is  desired  to  maintain  powerful  and  equable 
"""»ts  fnr  many  successive  hours,  has  been 
'■;»n  nv,,l  by  Professor  Daniel!  (fig.  121) 
Each  cell  of  this  "constant"  battery  consists 
«•  copper  cylinder  U  inches  in  diameter, 
and  of  a  height  varying  from  6  to  L8  inches! 

M  employed  in  the  form  of  a  rod  ;,< 
^fB^chl^ameter,carefuUy  amalgamated: 
'\" '  -"^l;"'"  the  centre  oi  the  cylinder! 
2 dcel.1°1  Porous  earthenware  or  animal 
£f™e  ^ervenes  between  the  zinc  and 
'  0cf°PP^:.tlu8  if  filled  with  a  mixture  of  l  part  by  measure  of 
1  Vl11"''         oi  water,  and  the  exterior  space  with  the  same 


3 


272  ELECTRO-CHEMICAL  DECOMPOSITION  J 

liquid  saturated  with  copper  sulphate  .  A  ^^f^00^ 
is  fitted  to  the  top  of  the  cell,  m  which  crystals  of  the  copper 
sulphate  are  plaid,  so  that  the  strength  of  the  solution  may 
Sain  unimpaired.  When  a  communication  is  made  by.  a  we 
be»  ffrod  and  the  cylinder,,  a  strong  current  is  pro- 
duced the  power  of  which  may  be  increased  to  any  extent  by 
ejecting  a  suflicient  number  of  such  cells  into  a  series  on 

Sc  S  a%eS  powerful  apparatus, <^uj*b  great 
advantage  of  retaining  its   energy  undiminished  for  a  long 

thBy  this  arrangement  of  the  voltaic  battery,  the  accumula- 
tion^ hydrogen  and  deposition  of  zinc  on  the  surface  of  the 
cower  plate  5  altogether  avoided;  the  zinc  m  the  porous  ceU 
whilst  it  dissolves  in  the  sulphuric  acid,  decomposes  it,  but  does 
nof  Lberate  any  hydrogen;  for  by  ^V^«^te*£ 
nosition  (see  p.  264),  up  to  the  boundary  of  the  copper  sow 
Son  The  hydrogen  takls  the  place  of  the  copper  and  thus 
Stirnatelv  the  copper  is  precipitated  on  the  copper  plate  The 
copper  plate  therefore  remains  m  its  original  state,,  so  long  as 
a  Efficient  quantity  of  copper  sulphate  is  present  in  the  solu- 

tiBv  increasing  the  generative  and  reducing  the  antagonising 
chSical  affinities,  Mr&Grove  succeeded  m  f™^^j 
nitric  acid  battery  which  bears  his  name.    This  instiun ent  is 
capable  of  producing  a  far  greater  degree  of  power  than ^the  ba ttery 
previously  mentioned,  and  hence  it  has  become  one  of  the  most 
Enp^i-tant  means  of  promoting  electrical  science  m  the  present^ 
The  zinc  cbps  into  dilute  sulphuric  acid ;  and  instead  of  a  solution 
of  copper,  concentrated  nitric  acid  is  used,  which  surround  a 
platinum  'plate.    It  is  evident  that  the  electrolytic  action  winch 
begins  at  the  zinc  passes  through  the  sulphuric  acid,  and  m  a p«* 
cisely  similar  way  through  the  contiguous  nitric  acid.  Hydrogen 
would  thus  be  liberated  on  the  platinum  plate.  This ;  ac ion  is  not 
rendered  visible  by  the  evolution  of  gas,  but  only  graduall y  by  the 
change  of  colour  in  the  nitric  acid :  for  the  hydrogen  liberated  by 
the  electrical  action  forms  water  at  the  expense  of  the  oxygen 
yielded  by  the  nitric  acid ;  and  by  this  means,  so  long  as  suf^ent 
nitric  acid  is  present,  the  purity  of  the  surface  of  the  platinum 

plOne™hVcelS  in  this  battery  is  represented  in  sectioning. 
122.  The  zinc  plate  is  bent  round,  so  as  to  present  a i  douWe 
surface  and  well  amalgamated  :  within  it  stands  a  thin  flat  ce 
™s'eShenware,  filled  with  strong  nitric  acid  and  the jwhg 
I  hmnersed  in  a  mixture  of  1  part  by  measure  of  oil  of 'vitnol  ana 
6  of  St  contained  either  in  onl  of  the  cells  of  WdtatoJ 
teougV  o'  in  a  separate  ceU  of  glazed  porcelain,  made  foi  the 
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Fiff.  123. 


P^pose  The  apparatus  is  completed  by  a  plate  of  platinum  foil 
which  dips  into  the  nitric  acid,  and  forms  the  mUm  loU' 
positive  side  of  the  arrangement.  With  ten  such 
pairs,  experiments  of  decomposition,  ignition  of 
wires  the  light  between  charcoal  points,  &c,  can 
be  exhibited  with  great  brilliancy,  while  the  bat- 
tery itself  is  very  compact  and  portable,  and,  to  a 
great  extent,  constant  in  its  action.  The  zinc  as 
m  the  case  of  Darnell's  battery,  is  consumed  only 
while  the  current  passes,  so  that  the  apparatus 
may  be  arranged  an  horn-  or  two  before  it  is 
required  for  use,  which  is  often  a  matter  of  great 
convenience;  and  local  action  from  the  precipita- 
tion ot  copper  on  the  zinc  is  avoided 

Professor  Bunsen  has  modified  the  Grove  battery 
by  substituting  for  the  platinum,  dense  charcoal  or 
coke  which  is  an  exceUent  conductor  of  electricity. 
S^rlv?  lteratl°n>,  at  a  ver7  ^all  expense,  a  battery  maybe  made 

Figure  123  shows  the  form  of  the  round  carbon 
cylrnder  which  is  used  in  these  ceUs.  It  is 
hollowed  so  as  to  receive  a  porous  earthenware 
Tb  e\  ™ i  a  J°^d  plate  of  zinc  is  P^ced. 
sahirnffr  6  ,f  °f  the  CyliMer  of  carbon  is  ™11 
orTr  W  k  WaX'  an?  is  grounded  by  a 
copper  ring,  by  means  of  which  it  may  be  put 
^connection  with  the  zinc  of  the  adjoining 

.aclSScTl8  ?ifb0n  CylMeV  is  Hkewise  well 
■wapted  lor  the  use  of  dilute  sulphuric  icirl 
•'lone,  without  the  addition  of  nitrkS  fi? 

feh^iSe*0  «  ^  fl-  -id  with  potas- 

amount  Ts^im^     ,  "?  TtUTe  contains  at  least  d™Ue 
chromate  a  ha  tov  i «f™  \*  to  decompose  the 

^  fiK? ™ SUrPasses  in  P°wcr  nitric 

stancy.      7'      *  d°es  not  furmsh  currents  of  the  same  con- 

Wer^with  tTln^"^  a?ingenio«s  battery,  in  winch  silver, 

empW,,  „'  asiS^8-^  ^  (,ivided  raetallic  platinum,  is 
I)h|'inr  »  m  Ration  mth  amalgamated  zinc  and  dilute  sul- 

fe?^C^lB  permitthc  reafly 

/      slightly  mentioned.    Mr.  Spencer  and  Professor  Jacobi 


Fig.  124. 
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have  employed  it  in  copying,  or  »J«  » 

plates  an£  medals,  by  deport \e  originaf, 
of  metallic  copper,  which  f^^^totion  of  the  fatter, 
exhibits,  in  reverse,  a  most  iait^  an  absolutely 

By  using  this  in  its  turn  as  a  mou ^  or  an  J 

perfect /acWfe^^ 

case,  the  impressions  taken  on  papa :  are  qui  o  ag 

W  those  ^J^^^g^i'^pto 
wh  ch  can  he  thus  produced,  engravings  of  the  most 
beautif  ul  description  may  he  multiplied  indefinitely. 
The  copper  is  very  tough,  and  bears  the  actum  of 

^SSSSt  this  and many  ti^ar  pro- 
cesses  is  of  the  simplest  possible  kind.    A  trough,  or 
ce  l  of  wood  is  divided  by  a  porous  diaphragm  made 
of  a  very  thin  piece  of  sycamore,  into  two  parts 
dilute  sulphuric  acid  is  put  on  one  side,  and  a 
SateTSution  of.  copper  sulphate,  sometime 
mixed  with  a  little  acid,  on  the  other    ^  plate  oi 
7inc  is  soldered  to  a  wire  or  strip  of  copper,  me 
Xr  end  of  which  is  secured  & 
to  the  engraved  copper  plate    Thelatt ens  men 
immersed  in  the  solution  of  sulphate and  the  zmc  n the  acid 

To  prevent  ^^f^^^^^^O.  Lall 
that  portion  is  covered  with  varnish l  or  .  be 

works,  a  porous  earthenware  cell,  placed  m  a  jeiiy  j   ,  j 

USOther  metals  may  be  precipitated  ^^^cSSSRmA 
smooth  and  compact  form,  by  the  use  ££JSR^S*B 
have  been  gathered  by  experience  .  E^°^£fon^y  feessm 
are  now  carried  on  very  largely  and  m  great  pert  ction  dj 
Elkington  and  others.    Even  non-conductag  bodies,  a.  ae  ^ 
wax  and  plaster  of  Paris,  may  be  coated  with  metal  ^  ^ 
necessary,  as  Mr.  Robert  Murray  has  sh own,  to  rub  over  thm 
thinnest  possible  film  of  plumbago.    Seals  may  thus  be  cop 
a  very  few  hours  with  unerring  truth  exceedmcriy  interest- 

Becquerel,  several  years  ago,  pub hshed  an  exceed! n  ) 
ing  account  of  certain  experiments  in  wine by  the 
oxides  and  other  insoluble  substances  had  been  produceq 
Sw  and  continuous  action  of  feeble  electrical  ^g^gjg 
for  months,  or  even  years.    These  S^J^Sfct 
natural  minerals;  and,  indeed,  the  exponents  throw  great  ng 
on  the  formation  of  the  latter  within  the  eartB.  ig 
The  common  but  very  pleasing  experiment  d  the  Uaa  pf 
sreatly  dependent  on  electro-chemical  action     ™*  *  P;ffectis 
suspended  in  a  solution  of  lead  acetate,  the  fust 
•  Traite  de  l'Elcctricitc  et  du  Magndtisme,  in.  23J. 


Fig.  125. 
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SlacTent  of  a metal  ^  more  ^SJ  *  18  ^  a 
one  The  change  does  not,  however,  stop  here  ■ 
metallic  lead  is  still  deposited  in  large  and  beauti-' 
Jul  plates  upon  that  first  thrown  down,  Si 
he  solution  becomes  exhausted,  or  the  zinc  en 
taly  disappears.  The  first  portions  of  lead  form 
with  the  zinc  a  voltaic  arrangement  of  sufficient 
power  to  decompose  the  salt  "under  the  Sar 
circumstances  in  which  the  latter  is  placed  the 
metal  is  precip  tated  upon  the  negative?  po £0n- 

pose  dilute  sulphuric  acid,  is  produced  Iw  X 

divided  platmum,  and  Vrnished  SS,  ,  r°^dePosit  of  finely 
pass  through  the  tops  oTS?  c°n?uctmg  wires,  which 

ticaUy  sealed  into  the  latle^ m  <l  ^  &nd  are  herme" 
oxyge'n  on  the  one  side  and  hycWe^  on'tWl  ^  chf",ed  ^ 
connected  with  a  galvanoscop^  X  neeS  tfV?  ^  ™ 
becomes  mstantlv  affected  •  a&  Ju  ]ieeaie  ol  the  instrument 
in  a  series,  the  oxy'en  tube'  rt  tZ  ™  are  combined 

the  next,  &c,  wrie  ?he  te^nl  w?  ^  the  h'ydroSen  tube  of 
a  rapid  stream  of  minut bubhtl  ft acid^ted  water, 
decomposition  of  the t  *  ^  f'the™  indicate  the 
^a^vojtJS^J' iWt^£e  experiment  is  made 
(hsengaged  exactly  eoua  in  am mi It  ,7  .  XJgen  and  hydrogen 
-t  of  combination  S^SST^^  ^d 

l^^^^^^^i^^  electric 
vnres,  and  ^Xta^Sff  battery,  the  con- 

become  heated  dmS  the  rX*  ^ergoing  decomposition,  all 

^hofthecSnHa^lv  i  ^   ^  dependa  Par%  °n  *he 
"'-  greatest  Sis'S  yr  r       T8tanC("*         bodies  which 
mos*  stronlrlv  '    '  are  the  worst  conductors  beine 

lul.t.-r  llronl  Tn  ",etal  f6  Gilded  in  the  same 

^•nw  thicSess       g  y       '"' "m"  a  Hilver  OT  °°PP<£  wire  of 
*  «  experiments  it  has  been  found  that  both  in  metallic 
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wi.es  and  in  lipids  ^^ft^^t^Z 
of  heat  is  directly  ^  shown  that  the  evolution* 

strength  of  the  current.  Jouie  nas  subject  to  the  same 

of  detonating  gas  (2  vols  i±  J0  1  Y  q  ^  Wlit  0/cumnt  siren$tfc 
acidulated  water  in  ^en  £me,  culic  cmtimeter  of  detonating  gas 
is  the  current  which  *l™^J^Z7n  in  a  minute.  Now  Lena 
at  0°  C.  and  760  mm.  hm1^SSXV'^^  through 
has  shown  that  when  a  current  of  the  vmt  J       ^  ^  i  meter 

a  wire  whose  '  it  developes  a  quantity  of  heat 

^dt«e  t^Xf  of  ^ram  °f  —  ta  °°  ^ 
1°  C,  the  law  may  be  t^s  expressea  COTldwctor  whicfc 

heat  evolved  in  the  battery ^  and *  the  one  part 
its  poles,  is  constant,  the  heat  actually  £      f  ^  metaUl0 

or  the  other  varying  according  to  the ,  Uugne  eQ  con. 

conductor.  This  was  first  ^^^Jiloiple  consisting  of 
firmed  by  Favre.t  De  la  Rive  made >use  oi  P  ^  yery 
platinum  and  distilled  zinc  or  cadm ™Mgg \  [  ^um  wire 
Long  nitric  acid  ^.^^^'Sotl^BaL  quantity  of 
more  or  less  thick,  which  wa s  ^    ^lar  to  tnat  which 

strong  nitric  acid  contained  m  a &imes  ^  the 
held  the  voltaic  couple.    By  obfr™*he  sum  &  these  tempera- 
two  vessels  with  delicate  ^emometoj  the , 
tures  was  found  to  be  constant,  the  one  oi J>u 
^cording  to  the  thickness  fJ^^Cthat  which  he  used 
Favre,t  by  means  of  a  calorimeter,  ,    chemical  action, 

i/his  experiments  on  the  ^^^^^eML.  *  ! 
has  shown  that  m  a  pair  of  aw Jjf^gP  wires  of  various 
dilute  sulphur*  acid  and  connected  bj  pUtm  dissolved  a 

length  and  thickness,  for  every  32  o  giams  o  73 
quantity  of  heat  is  developed  ^^1^11  and 
heat-units,  but  variously  distributed  octweeo u  j 
the  Wire,  according  to  the  thickness  of  the s  latter.    Wow  J 

*  l  feM"  of  K  ^phuric^ 

*  Pliil  Mag.  [31  xix.  210.  T  auu.  « 

PUn-         L  J    +  Comptes  Reudus,  xlv.  56. 
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Hence  Favre  concludes  that  the  heat  developed  by  the  resistance 
of  a  metallic  or  other  conductor  connecting  the  poles  of  the  battery 
is  simply  borrowed  from  the  total  quantity  of  heat  evolved  by  the 
chemical  action  taking  place  in  the  battery,  and  is  rigorously  com- 
plementary to  that  which  remains  in  the  cells  of  the  battery,  the 
heat  evolved  m  the  entire  circuit  being  the  exact  equivalent  of  the 
chemical  action  which  takes  place.  If  any  external  work  is  per- 
formed by  the  current,  such  as  electrolysis,  or  mechanical  work 
as  by  an  electro-magnetic  engine,  the  heat  evolved  in  the  circuit 
is  diminished  by  the  heat-equivalent  of  the  decomposition  or 
mechanical  work  done. 


CRYSTALLISATION  ;  CRYSTALLINE  FORM. 

.  Almost  every  substance,  simple  or  compound,  capable  of  exist- 
ing m  the  solid  state,  assumes,  under  favourable  circumstances  a 
distinct  geometrical  form  or  figure,  usually  bounded  by  plane  sur- 
laces,  and  having  angles  of  fixed  and  constant  value.  The  faculty 
of  crystallisation  seems  to  be  denied  only  to  a  few  bodies,  chiefly 
highly  complex  organic  principles,  which  stand,  as  it  were,  upon 
the  very  verge  of  organisation,  and  which,  when  in  the  solid  state 
are  frequently  characterised  by  a  kind  of  beady  or  globular 
appearance,  well  known  to  microscopical  observers. 

The  most  beautiful  examples  of  crystallisation  are  to  be  found 
among  natural  minerals,  the  results  of  exceedingly  slow  changes 
constantly  occurring  within  the  earth.  It  is  invariably  found  that 
ai Uncial  crystals  of  salts,  and  other  soluble  substances  which  have 
been  slowly  and  quietly  deposited,  surpass  in  size  and  regularity 
EQose  of  more  rapid  formation.  ' 

Solution  in  water  or  some  other  liquid  is  a  very  frequent  method 
o  effecting  crystallisation.  If  the  substance  be  more  soluble  at  a 
n  n  than  at  a  low  temperature,  then  a  hot  and  saturated  solution 
en  to  cool  slowly  Wlli  generally  be  fonnd  to  furn.gh      tals  . 

'  V?F,comm°?  oasewith  salts  and  various  organic  prin- 
t's.   If  lt  be  equally  soluble,  or  nearly  so,  at  all  temperatures, 
slow  spontaneous  evaporation  in  the  air,  or  over  a  surface  of 
ou  01  vitriol,  often  proves  very  effective. 

of  ThT  ^  8l°W  Tling  may  be  employed  in  many  cases :  that 
n'.r  '  y  'i/1  «00d  example:  the  metals,  when  thus  treated, 
v  ,  ,'  j  "0™  traces  oi  crystalline  figure,  which  sometimes  become 
unlr  u  i  and  dl8tmct>  as  with  bismuth.  A  third  condition 
„      '  '  Cr'Y-  als  Verv  often  form  is  in  Passing  from  the 

VVi„   i  ,?  State'  of  which  iodine  affords  a  good  instance. 

1  '>y  any  of  these  means  time  is  allowed  for  the  symmetrical 
• ementol  the  particles  of  matter  at  the  moment  of  solidifica- 
"""<  crystals  are  produced. 


278  CRYSTALLINE  FORM. 

That  crystals  owe  their  figure  to  a  certain  regularity  of  internal 
structure  is  shown  hoth  hy  their  mode  of  formation  and  also  by 
the  peculiarities  attending  their  fracture  A  crystal  placed  m  a 
slowly  evaporating  saturated  solution  of  the  same  substance,  grows 
or  increases  by  a  continued  deposition  of  fresh  matter  upon  its 
sides,  in  such  a  manner  that  the  angles  formed  by  the  meeting  of 
the  latter  remain  unaltered. 

The  tendency  of  most  crystals  to  split  m  particular  directions, 
called  by  mineralogists  cleavage,  is  a  certain  indication  ot  regular 
structure,  while  the  optical  properties  of  many  among  them,  and 
their  mode  of  expansion  by  heat,  point  to  the  same  conclusion 

It  may  be  laid  down  as  a  general  rule  that  every  substance  has 
its  own  crystalline  form,  by  which  it  may  ™ry  frequently  be 
recognised  at  once-not  that  each  substance  has  a  different  figure 
although  very  great  diversity  in  this  respect  is  to  be  found,  borne 
forms  are  much  more  common  than  others,  as  the  cube  and  six- 
sided  prism,  which  are  very  frequently  assumed  by  a  number  ot 
bodies  not  in  any  way  related.  . 

The  same  substance  may  have,  under  different  sets  of  circum- 
stances, as  high  and  low  temperatures,  two  different  crystalline 
forms,  in  which  case  it  is  said  to  be  dimorphous  Sulphui  and 
carbon  furnish,  as  already  noticed,  examples  of  this  curious  fact  ; 
another  case  is  presented  by  calcium  carbonate  m  the  two  modi- 
fications of  calc  spar  and  arragonite,  both  chemically  the  same 
but  physically  different.  A  fourth  example  might  be  given  m 
mercuric  iodide,  which  also  has  two  distinct  forms,  and  even  Uo 
distinct  colours,  offering  as  great  a  contrast  as  those  of  diamond 
and  graphite. 

Crystallographic  Systems—men  a  crystal  of  simple 
form  is  attentively  considered,  it  becomes  evident  that  certain 
directions  can  be  pointed  out  in  which  straight  lines  may  » 
imagined  to  be  drawn,  passing  through  the  central  point  ot  tne 
crystal  from  side  to  side,  from  end  to  end,  or  from  one  angle  to 
that  opposed  to  it,  &c,  about  which  lines  the  particles  of  matter 
composing  the  crystal  may  be  conceived  to  be  symmetrically  bum 
up  Such  lines,  or  axes,  are  not  always  purely  imaginary,  howe-\  ei 
as  may  be  inferred  from  the  remarkable  optical  properties  of  man) 
crystals  :  upon  their  number,  relative  lengths,  position,  and  mcima| 
tion  to  each  other,  depends  the  outward  figure  of  the  crystal  itseuj 
All  crystalline  forms  may  upon  this  plan  be  arranged  in  six 
classes  or  systems;  these  are  the  following. 

1    Tlic  monometric,  regular,  or  cubic  system  (fig.  126).  —  The 
crystals  of  this  division  have  three  equal  axes,  all  placed  a 
riofct  angles  to  each  other.    The  most  important  forms  aje  tne 
Simfthe  regular  odohrirm  (2),  and  the  rhombic  dodccaU- 
dron  (3). 
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The  letters  a— a,  b—b,  c—c  (fig.  126),  show  the  termination  of 
the  three  axes,  placed  as  stated. 

Very  many  substances,  both  simple  and  compound,  assume  these 
forms,  as  most  of  the  metals,  carbon  in  the  state  of  diamond,  com- 
mon salt,  potassium  iodide,  the  alums,  fluor-spar,  iron  bisulphide 
garnet,  spinelle,  &c. 


Fig.  126. 


2.  Tlie  dimetric,  quadratic,  square  prismatic,  or  pyramidal 
system.— The  crystals  of  this  system  (fig.  127)  are  also  symmetrical 


Fig.  127. 


a 

5- 

atout  three  axes  at  right  angles  to  each  other.    Of  these,  however 

¥riare  of  ra/  rlength' the  t,hird'  c-c>  bei*g  iong- «  3S£ 

xae  moat  important  forms  are,  the  right  square  prism  (I)  and  the 
nght  square-based  octohedron  (2).  w,aname 

ori^S  "n?036  n""' are  t0>  f2UIld  in  zircon>  nati™  stannic 
'SKte,  apophylhte,  yellow  potassium  ferrocyauide,  &c. 

anLSfnrWj-^(ZrCu  128).-This  is  very  important 

SLfS.  a65     m  ^aractensecl  hj  four  axes,  three  of  which  are 
the  same  plane,  and  inclined  to  each  other  at  angles 


<  'War  double  six-sided  pyramid  (2),  the  rhombohcdron  (4), 
£»w»e  scalenohedrm  (5),  a  figure  bounded  by  twelve  scalene 
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Examples  are  found  in  ice,  calcspar,  sodium  nitrate, .beryl, 
quSz  or rock  crystal,  and-the  semi-metals,  arsemc,  antimony, 

anAecomiSation  of  the  regular  six-sided  prism  and  double  six- 
sided  pyramid  (3)  is  a  common  form  oi  quartz. 


i  ic 

\ 

A* 

a,  ' 

■"  h 
i 

 i  

a,  j 

4.  The  trimetric,  rhombic,  or  right  prismatic  syst em.— This  is 
characterised  by  three  axes  of  unequal  lengths,  placed  at  ngh 
angles  to  each  other,  as  in  the  right  rectangular  prism  the  nM 
rhombic  prism,  the  right  rectangular-based  octahedron,  and  the  right 
rhombic-based  octohedron. 


Fig.  129. 


*  +  * 


The  bases  of  these  forms  are  represented  in  fig.  129,  (1)  and  1 1| 
Let  the  reader  imagine  a  straight  line  passing  through  the  censi 
of  each  of  these  figures,  perpendicular  to  the  plane  of  the  pape  ^ 
JhiB  will  represent  the  vertical  axis.  The  octohedrons  wdl  * 
toed  by  joining  the  ends  of  this  vertical  line  with  the  angles  01 
thrbascs,  and  the  prisms  by  vertical  planes  passing  ^f^gt 
sides  of  he  base,  and  terminated  by  horizontal  planes  passmg 
Eon "h  the  extremities  of  the  vertical  axis.   The  perspective  for** 
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of  these  trimetric  prisms  and  octahedrons  are  similar  to  those  of 
the  dime  trie  system  (fig.  127). 

The  system  is  exemplified  in  sulphur  crystallised  at  a  low  tem- 
perature, arsenical  mm  pyrites,  potassium  nitrate  and  sulphate 
barium  sulphate,  &c. 

5.  Tlie  monoclinic  or  oblique  prismatic  system.— Crystals  belonc- 
mg  to  this  group  have  also  three  axes,  which  may  lie  all  un- 
equal;  two  of  these  (the  secondary)  are  placed  at  right  angles 
the  third  being  so  inclined  as  to  be  oblique  to  one  and  perpendi- 
cular to  the  other.  To  this  system  may  be  referred  the  four  follow- 
ing tonus  :—The  oblique  rectangular  prism,  the  oblique  rhombic  prism 
the  oblique  rectangular-based  octohedron,  the  oblique  rhombic-based 
octohedron. 

The  bases  of  these  monoclinic  forms  are  identical  in  form  with 
those  of  the  trimetric  system,  fig.  129,  (1)  and  (2).    The  principal 
axis  may  be  represented  by  a  line  passing  through  the  plane  of 
he  paper  at  the  middle  point,  perpendicular  to  a  a,  and  oblique 
to  bo.    the  perspective  forms  are  shown  in  fig.  130. 

Fig.  130. 


Such  forms  are  taken  by  sulphur  crystallised  by  fusion  and  cool- 

bor  JLll  ^['.^P^te'  carbonate  and  phosphate  of  sodium, 
borax,  green  vitriol,  and  many  other  salts. 

Th^™+  n^T'  anorthic>  ,or  doubly  oblique  prismatic  system.- 
area \  comprehended  in  this  division  are,  from  their 
ffirffi  ,  1?r"'nlanty'  6XC(f ' """Sly  difficult  to  'study  and 
SSn7l  Inf,theni1are  fcwai  fc^e  axes,  which  may  be  all 
'  I  ength,  and  are  all  oblique  to  each  other,  as  in  the 
I,  ' Z  :  7  ?"'"'m'  an,1,,n  the  Mouldy-oblique  octohedron,  The 
■:  forms  are  similar  to  those  of  the  monoclinic  system. 

■OTS^ofZX^ aml  pota8Sium  *uaioxalate 

nSl'lT"       H:T''',r!'  Forms-~ If  *  ayrta!  increase  in  magni- 
'"\"     actions  on  every  part,  it  is  quite  clear  lb.it  its 
sfimi  u  ^ered;  but  if,  from  some  cause,  this  increase 

•      u  be  partial,  the  newly  deposited  matter  being  distributed 
l":'"y.  but  still  in  obedience  to  certain  definite  laws,  then 
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alterations  of  form  are  produced,  giving  rise  to  figures  which  have 
a  direct  geometrical  connection  with  that  from  which  they  are 
derived.  If,  for  example,  in  the  cube,  a  regular  omission  of  suc- 
cessive rows  of  particles  of  matter  in  a  certain  order  Wade  at 
each  solid  angle,  while  the  ciystal  continues  to  ™^ff  ™' 
the  result  will  be  the  production  of  small  triangular  planes,  which 
as  the  process  advances,  gradually  usurp  the  whole  of  the  surface 
of  the  crystal,  and  convert  the  cube  into  an  octahedron.  The 
new  planes  are  called  secondary,  and  their  production  is  said  to 
take  place  by  regular  decrements  upon  the  solid  angles.  The  same 
thing  may  happen  on  the  edges  of  the  cube;  a  new  figure,  the 


Fig.  131. 


Passage  of  cube  to  octohedron. 


rhombic  dodecahedron,  is  then  generated.     The  modification 
which  can  thus  be  produced  of  the  original  or  primary  figure  (all 
of  which  are  subject  to  exact  geometrical  laws)  are  very  numerous. 
Several  distinct  modifications  may  be  present  at  the  same  time, 
and  thus  render  the  form  exceedingly  complex.  . 

Crystals  often  cleave  parallel  to  all  the  planes  of  the  primary 
figure,  as  in  calcspar,  which  offers  a  good  illustration  of  this 
perfect  cleavage.  Sometimes  one  or  two  of  these  planes  have  a 
kind  of  preference  over  the  rest  in  this  respect,  the  crystal  split- 
ting readily  in  these  directions  only. 

A  very  curious  modification  of  the  figure  sometimes  occur,  bj 
the  excessive  growth  of  each  alternate  plane  of  the  crystal;  tae 
rest  become  at  length  obliterated,  and  the  crystal  assumes  the. 
character  called  hemtiiedral  or  half-sided.  This  is  well  seen  m 
the  production  of  the  tetrahedron  from  the  regular  octohedion 


Fig.  132. 


Passage  of  octohedron  to  tetrahedron. 


(fio-  132),  and  of  the  rhomhohedric  form  by  a  similar  change 
from  the  'double  six-sided  pyramid  (fig.  128,  2). 
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Forms  belonging  to  the  same  ciystallographic  system  are  related 
to  each  other  by  several  natural  affinities. 

1.  It  is  only  the  simple  forms  of  the  same  system  that  can  combine 
into  a  complex  form,— For  in  all  fully  developed  (holohedral) 
natural  crystals,  it  is  found  that  all  the  similar  parts,  if  modified 
at  all,  are  modified  in  an  exactly  similar  manner  (in  hemihedral 
forms,  half  the  similar  edges  and  angles  alternately  situated  are 
similarly  modified).  Now  this  can  be  the  case  only  when  the 
dominant  form  and  the  modifying  form  are  developed  according 
to  the  same  law  of  symmetry.  Thus,  if  a  cube  and  a  regular 
octohedron  are  developed  round  the  same  system  of  axes,  each 
summit  of  the  cube  is  cut  off  to  the  same  extent  by  a  face  of  the 
octohedron,  or  vice  versa.  But  a  cube  could  never  combine  in 
this  manner  with  a  rhombic  octohedron,  because  it  would  be 
impossible  to  place  the  two  forms  in  such  a  manner  that  similar 
parts  of  the  one  should  throughout  replace  similar  parts  of  the 
other. 

The  crystals  of  each  system  are  thus  subject  to  a  peculiar  and 
distinct  set  of  modifications,  the  observation  of  which  very  fre- 
quently constitutes  an  excellent  guide  to  the  discovery  of  the 
primary  form  itself. 

2.  Crystals  belonging  to  the  same  system  are  intimately  related  in 
their  optical  properties.— Crystals  belonging  to  the  regular  system 
(as  the  diamond,  alum,  rock-salt,  &c.)  refract  light  in  the  same 
manner  as  uncrystallised  bodies ;  that  is  to  say,  they  have  but  one 
retractive  index,  and  a  ray  of  light  passing  through  them  in  any 
direction  is  refracted  singly.  But  all  other  crystals  refract  doubly, 
that  is  to  say,  a  ray  of  light  passing  through  them  (except  in 
ceitam  directions)  is  split  into  two  rays,  the  one  called  the  ordinary 
ray,  being  refracted  as  it  would  be  by  an  amorphous  body,  the 
other,  called  the  extraordinary  ray,  being  refracted  according  to 
peculiar  and  more  complex  laws  (see  Light).  Now,  the  crystals 
oi  me  dimetric  and  hexagonal  systems  resemble  each  other  in 
this  respect,  that  m  all  of  them  there  is  one  direction,  caUed  the 

,!  aXIVr  ax,s  .of  double  refraction  (coinciding  with  the  princi- 
sWl7f?i0graPi,1C  a?ds)>alon?  which  a  ray  of  light  is  refracted 
inrZ'i  i i  ,  !n  al-!  °ther  dlrectlons  it  is  refracted  doubly;  whereas 
hn  7*  \r  l0nglng  t0  tte  0ther  8^tems>  viz->  the  trinietric  and 
alL,  A  .  qUe  s78tem9»  there  are  always  two  directions  or  axes, 
Wong  which  a  ray  is  singly  refracted. 

tiJL  nyfals  t0  the  same  syste™  resemble  each  other  in 

^mdeofconductmgheat.— Amorphous  bodies  and  crystal*  ..r 

<ur,r  ,        *y  ?m  C,Tluct  heat  equally  in  all  directions,  so  thai, 
r  osrng  a  centre  of  heat  to  exist  within  such  a  body,  the  isother- 
Ml  surfaces  will  be  spheres.    But  crystals  of  the  dimetric  and 
^agonal  systems  conduct  equally  only  in  directions  perpendicu. 
surf,  Pnnapal  axis,  SO  that  in  such  crystals  t  he  isot  hermal 

"«-es  are  ellipsoids  of  revolution  round  that  axis;  and  crystals 
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belonging  to  either  of  the  three  other  systems  conduct  unequally 
in  all  directions,  so  that  in  them  the  isothermal  surfaces  are  ellip- 
soids with  three  unequal  axes. 

Relations  of  form  and  constitution;  Isomorphism. 
Certain  substances,  to  which  a  similar  chemical  constitution  is 
ascribed,  possess  the  remarkable  property  of  exactly  replacing  each 
Shei  in  crystallised  compounds,  without  alteration  of  the  character- 
istic geometrical  figure.    Such  bodies  are  said  to  be  fomorphoM  * 
Yov  example,  magnesia,  zinc  oxide,  cupric  oxide,  ferrou s  oxide 
and  nickel  oxide,  are  allied  by  isomorphic  relations  of  the  most 
intimate  nature.    The  salts  formed  by  these  substances  with  the 
and  similar  proportions  of  water  of  crystalbsation  are 
identical  in  their  form  and,  when  of  the  same  colour,  cannot  he 
£  tinguished  by  the  eye:  the  sulphates  of  magnesium  and  zinc 
may  be  thus  confounded.    These  sulphates,  too,  all  combine  with 
potassium  sulphate  and  ammonium  sulphate,  giving  rise :  tc .  double 
salts,  whose  figure  is  the  same,  but  quite  different  from  that  of  the 
simple  sulphates.     Indeed  this  connection  between  identity  of 
form  and  parallelism  of  constitution  runs  through  all  their  com- 

^in^'same  manner  alumina  and  iron  sesquioxide  replace  each 
other  continually  without  change  of  crystalline  figure  :  the  same 
remark  may  be  made  of  the  oxides  of  potassium,  sodium and 
ammonium,  these  bodies  being  strictly  isomorphous  The  alumina 
in  common  alum  may  be  replaced  by  iron  sesquioxide  the  potasu 
by  ammonia  or  by  soda,  and  still  the  figure  of  the  crystal  remams 
unchanged.  These  replacements  may  be  partial  only :  we  may 
have  an  alum  containing  both  potash  and  ammonia,  or  alumma 
and  chromium  sesquioxide.  By  artificial  management— namely, 
bv  transferring  the  crystal  successively  to  different  solutions-^ 
may  have  these  isomorphous  and  mutually  replacing  compounds 
distributed  in  different  layers  upon  the  same  crystal. 

For  these  reasons  mixtures  of  isomorphous  salts  can  ney  er  ue 
separated  by  crystallisation,  unless  their  difference  of  solum  m  J 
very  <?reat.  A  mixed  solution  of  ferrous  sulphate  and  nickel  sul- 
phate? isomorphous  salts,  yields  on  evaporation  crystals  containing 
both  iron  and  nickel.  But  if  before  evaporation  the  ferrous  saw 
be  converted  into  ferric  salt,  by  chlorine  or  other  means,  then 
crystals  obtained  are  free  from  iron,  except  that  of  the  motnaj 
liquor  which  wets  them.  The  ferric  salt  is  no  longer  isomorpuoua 
with  the  nickel  salt,  and  easily  separates  from  the  hitter.  , 
When  compounds  are  thus  found  to  correspond,  it  is  ^F"* 
that  the  elements  composing  them  are  also  sometimes  *omorp^us. 
Thus,  the  metals  magnesium,  zinc,  iron,  and  copper  are  pie&uj 

»  From  Tcros,  equal,  and  fx6p<j»i,  shape  or  form. 
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to  be  isomorphous :  arsenic  and  phosphorus  have  not  the  same 
crystalline  form ;  nevertheless  they  are  said  to  be  isomorphous, 
because  arsenic  and  phosphoric  acids  give  rise  to  combinations 
which  agree  most  completely  in  figure  and  constitution.  The 
chlorides,  iodides,  bromides,  and  fluorides  agree,  whenever  they 
can  be  observed,  in  the  most  perfect  manner :  hence  the  elements 
themselves  are  believed  to  be  also  isomorphous.  Unfortunately, 
for  obvious  reasons,  it  is  very  difficult  to  observe  the  crystalline 
figure  of  most  of  the  elementary  bodies,  and  this  difficulty  is 
increased  by  the  frequent  dimorphism  they  exhibit. 

Absolute  identity  of  value  in  the  angles  of  crystals  is  not  always 
exhibited  by  isomorphous  substances.  In  other  words,  small 
variations  often  occur  in  the  magnitude  of  the  angles  of  crystals  of 
compounds  which  in  all  other  respects  show  the  closest  isomorphic 
relations.  This  should  occasion  no  surprise,  as  there  are  reasons 
why  such  variations  might  be  expected,  the  chief  perhaps  being 
the  unequal  effects  of  expansion  by  heat,  by  which  the  angles  of 
the  same  crystal  are  changed  by  alteration  of  temperature.  A 
good  example  is  found  iu  the  case  of  the  carbonates  of  calcium, 
magnesium,  manganese,  iron,  and  zinc,  which  are  found  native 
crystallised  in  the  form  of  obtuse  rhombohedrons  (fig.  128,  4),  not 
distinguishable  from  each  other  by  the  eye,  but  exhibiting  small 
differences  in  their  angles  when  accurately  measured.  These  com- 
pounds are  isomorphous,  and  the  measurements  of  the  obtuse 
angles  of  their  rhombohedrons  are  as  follows : — 

Calcium  carbonate  .       .       105°  5' 

107°  25' 


Magnesium 
Manganous 
Ferrous 
Zinc 


107°  20' 
107° 
107°  40' 


Anomalies  in  the  composition  of  various  earthy  minerals,  which 
formerly  threw  much  obscurity  upon  their  chemical  nature,  have 
been  in  great  measure  explained  by  these  discoveries.  Specimens 
oi  the  same  mineral  from  different  localities  were  found  to  afford 
very  discordant  results  on  analysis.  But  the  proof  once  given  of 
the  extent  to  which  substitution  of  isomorphous  bodies  may  go, 
without  destruction  of  what  may  be  called  the  primitive  type  of 
the  compound,  these  difficulties  vanish. 

Decision  of  a  doubtful  point  concerning  the  constitution  of  a 
compound  may  now  and  then  be  very  satisfactorily  made  by  a 
int'Tmce  to  this  same  law  of  isomorphism.  Thus,  alumina,  the 
only  known  oxide  of  aluminium,  is  judged  to  be  a  sesquioxide, 
nrom  its  relation  to  sesquioxide  of  iron,  which  is  certainly  so;  the 
wack  oxide  of  copper  is  inferred  to  be  really  the  monoxide,  although 
it  contains  twice  as  much  oxygen  as  the  red  oxide  because  it  is 
BOmorphous  with  magnesia  and  zinc  oxide,  both  undoubted 
monoxides. 
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The  subjoined  table  will  serve  to  convey  some  idea  of  tbe  most 
important  families  of  isomorphous  elements  :  it  is  taken,  with 
slight  modification,  from  Graham's  "  Elements  of  Chemistry,"*  to 
which  the  pupil  is  referred  for  fuller  details  on  this  interesting 
subject : — 


Sulphur 

Selenium 

Tellurium. 

(2-). 
Magnesium 

Calcium 

Manganese 

Iron 

Cobalt 

Nickel 

Zinc 

Cadmium 

Copper 

Chromium 

Ahvminium 

Glucinum. 


Isomorphous  Groups 

(3.) 
Barium 
Strontium 
Lead. 

J4-) 
Platinum 

Iridium 

Osmium. 

(5.) 
Tin 

Titanium 

Zirconium 

Tungsten. 

Molybdenum 

Tantalum 

Niobium. 


(6.) 
Sodium 
Silver 
Thallium 
Gold 

Potassium 
Ammonium. 

(7-). 
Chlorine 

Iodine 

Bromine 

Fluorine 

Cyanogen. 

(8.) 
Phosphorus 
Arsenic 
Antimony 
Bismuth 
Vanadium. 


A  comparison  of  this  table  with  that  on  page  250  will  show 
that,  in  many  instances,  isoinorphous  elements  exhibit  equal  equi- 
valence or  combining  power,  and  more  generally  that  the  isomor- 
phous groups  consist  either  wholly  of  perissad  or  wholly  of  artiad 
elements.  The  only  apparent  exception  to  this  rule  is  afforded  by 
tantalum  and  niobium,  which,  although  pentads,  are  isomorphous 
with  tin,  tungsten,  and  other  tetrad  and  hexad  elements. 


*  Second  edition,  vol.  i.  p.  175. 
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The  metals  constitute  the  second  and  larger  group  of  elementary 
bodies.  A  great  number  of  them  are  of  very  rare  occurrence 
being  found  only  in  a  few  scarce  minerals ;  others  are  more  abun- 
dant, and  some  few  almost  universally  diffused  throughout  the 
globe.  Some  of  these  bodies  are  of  most  importance  when  in  the 
metallic  state ;  others,  when  in  combination,  chiefly  as  oxides,  the 
metals  themselves  being  almost  unknown.  Many  are  used  in 
medicine  and  in  the  arts,  and  are  essentially  connected  with  the 
progress  of  civilisation. 

If  arsenic  be  included,  the  metals  amount  to  forty-nine  in 
number. 

Physical  Properties. — One  of  the  most  remarkable  and  striking 
characters  possessed  by  the  metals  is  their  peculiar  lustre :  this  is  so 
characteristic,  that  the  expression  metallic  lustre  has  passed  into  com- 
mon speech.  This  property  is  no  doubt  connected  with  the  great 
degree  of  opacity  which  the  metals  present  in  every  instance.  The 
thinnest  leaves  or  plates,  and  the  edges  of  crystalline  laminae, 
arrest  the  passage  of  light  in  the  most  complete  manner.  An  ex- 
ception to  the  rule  is  usually  made  in  favour  of  gold-leaf,  which, 
when  held  up  to  the  day-light,  exhibits  a  greenish,  and  in  some 
cases  a  purple  colour,  as  if  it  were  really  endued  with  a  certain 
degree  of  translucency :  the  metallic  film  is,  however,  generally  so 
imperfect  that  it  is  somewhat  difficult  to  say  whether  the  observed 
effect  may  not  be  in  some  measure  clue  to  multitudes  of  little  holes, 
many  of  which  are  visible  to  the  naked  eye ;  but  Faraday's  experi- 
ments have  established  the  translucency  of  gold  beyond  all  doubt. 

In  point  of  colour,  the  metals  present  a  certain  degree  of  uni- 
formity:  with  two  exceptions— viz.,  copper,  which  is  red,  and 
gold,  which  is  yellow— all  these  bodies  are  included  between  the 
pure  white  of  silver  and  the  bluish-grey  tint  of  lead :  bismuth,  it 
is  true,  has  a  pinkish  colour,  and  calcium  and  strontium,  a  yellow- 
ish tint,  but  these  tints  are  very  feeble. 

The  differences  of  specific  gravity  are  very  wide,  passing  from 
lithium,  potassium,  and  sodium,  which  are  lighter  than  water,  to 
platinum,  which  is  more  than  twenty-one  times  heavier  than  an 
equal  bulk  of  that  liquid. 
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Table  of  the  Specific  Gravities  of 
Platinum  (in  thin  wire), 
Gold, 
Uranium, 
Tungsten, 
Mercury, 
Palladium, 
Lead, 

Silver, 

Bismuth, 

Copper, 

Nickel, 

Cadmium, 

Molybdenum 

Cobalt, 

Manganese, 

Iron, 

Tin, 

Zinc, 

Antimony, 
Arsenic, 
Altuninium, 
Magnesium, 
Sodium, 
Potassium, 
Lithium, 


Metals  at  15'5°  C.  (60°  F.) 

21-50 
19-50 
18-4 
17-60 
13-59 

11-30  to  11-8 
11-45 
10-50 
9-90 
8-96 
8-80 
8-70 
8-63 
8-54 
8-00 
7-79 
7-29 

6-86  to  7-1 
6-80 
5-88 

2-56  to  2-67 
1-75 
0-972 
0-865 
0-593 


The  property  of  malleability,  or  power  of  extension  under  the 
hammer,  or  between  the  rollers  of  the  flatting-mill,  is  possessed  by 
certain  of  the  metals  to  a  very  great  extent.    Gold-leaf  is  a  remark- 
able example  of  the  tenuity  to  which  a  malleable  metal  may  be 
brought  by  suitable  means.    The  gilding  on  silver  wire  used  in 
the  manufacture  of  gold  lace  is  even  thinner,  and  yet  presents  an 
unbroken  surface.    Silver  may  be  beaten  out  very  thin— copper 
also,  but  to  an  inferior  extent;  tin  and  platinum  are  easily  roileo 
out  into  foil;  iron,  palladium,  lead,  nickel,  cadmium,  the  metals 
of  the  alkalis,  and  mercury  when  solidified,  are  also  malleable. 
Zinc  may  be  placed  midway  between  the  malleable  and  brittle 
division ;  then  perhaps  bismuth  ;  and,  lastly,  such  metals  as 
antimony  and  arsenic,  which  are  altogether  destitute  ol  niauea- 

blThe  specific  gravity  of  malleable  metals  is  usually  very  sensibly 
increased  by  pressure  or  blows,  and  the  metals  themselves  are 
rendered  much  harder,  with  a  tendency  to  brittleness.  This  con- 
dition is  destroyed  and  tbe  former  soft  state  restored  by  the  opera- 
tion of  annealing,  which  consists  in  heating  the  metal  to  redness 
SSrf  contact  with  ah-  (if  it  will  bear  that  temperature  without 
?usion)  and  cooling  it  quickly  or  slowly  according  to  the  circum- 
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Fig.  133. 


stances  of  the  case.    After  this  operation,  it  is  found  to  possess  its 
original  specific  gravity.  i 
_  Ductility  is  a  property  distinct  from  the  last,  inasmuch  as  it 
involves  the  principle  of  tenacity,  or  power  of 
resisting  tension.    The  art  of  wire-drawing  is  one 
of  great  antiquity ;  it  consists  in  drawing  rods 
ol  metal  through  a  succession  of  trumpet-shaped 
holes  m  a  steel  plate,  each  being  a  little  smaller 
than  its  predecessor,  until  the  requisite  degree  of 
fineness  is  attained.    The  metal  often  becomes 
very  hard  and  rigid  in  this  process,  and  is  then 
liable  to  break :  this  is  remedied  by  annealing 
Ine  order  of  tenacity  among  the  metals  susceptible 
ol  being  easily  drawn  into  wire  is  the  following  • 
it  is  determined  by  observing  the  weights  required  to  break 
asunder  wires  drawn  through  the  same  orifice  of  the  plate  — 


Iron. 
Copper. 
Platinum. 
Silver. 

Metals  differ  as  much  in.  fusibility  as  in  density, 
table  will  give  an  idea  of  their  relations  to  heat  :— 


Gold. 
Zinc. 
Tin. 
Lead. 


The  following 


Fusible  below 
a  red  heat. 


'  Mercury, 
Rubidium, 
Potassium, 
Sodium, 
Lithium, 
Tin, 

Cadmium, 
Bismuth, 
Thallium, 
Lead, 


F 
-39° 
101-3 
144-5 
207-7 
356 
442 

(about)  442 
497 
561 
617 


Infusible  below 
a  red-heat. 


Tellurium,— rather  less  fusible  than 

lead. 

Arsenic, — unknown. 

Zinc,         .  ,  >  yyg 

Am  imony,— just  below  redness 


Melting  Points. 

c. 

-39-44° 
38-5 
62-5 
97-6 
180 
227-8 
228 
258 
294 
325 


Silver, 

Copper.  . 
Gold, 
( last-iron, 
Pure  iron, 
Nickel, 
''"bait, 
Manganese 
!  Palladium, 


1873 
1996 
2016 
2786 


412 

1023 
1091 
1102 
1530 


Highest  heat  of  forge. 


290 


CHEMISTRY  OF  THE  METALS. 


Infusible  below 
a  red-beat. 


Molybdenum, 
Uranium, 
Tungsten, 
Chromium, 
Titanium, 
Cerium, 
Osmium, 
Iridium, 
Rhodium, 
Platinum, 
Tantalum, 


Agglomerate,  but  do  not 
°  melt  in  the  forge. 


Infusible  in  ordinary  blast- 
furnaces; fusible  by  oxy- 
hydrogen  blowpipe. 


J 


•    o  ™«tv  or  adhesive  state  before  becoming 
Some  metals  acquire    P^^^^nun  and  with  the  metals 
fluid :  this  is  the  case  with  iron  ai  \^f^S^onfers  the  very 

S^lSverS^ 

Mercury  boils  and  distils  below  ^^^^Xn  heated  to 
/iuc   magnesium,  and  cadmium  rise  m  vapour 
Ek  £S ;  arsenic  and  tellurium  are  volatile. 


•       CHEMICAL  RELATIONS  OF  THE  METALS. 

Metallic  combinations  are  of  two  g^g^S  called'Xvt 
by  the  union  of  metals  among  themselves^  Inch  are  «U  e 

o?,  where  mercury  "^iwE  Tas  oxides,  chloride, 

^^^^^^^  — 
abnost  invariably  lost. 

Alloy  s.-Most  metals  are  probably,  to  so  me  ex t**£$^ 
from  the  metals  they  may -be :  mixed  vu    ,  •  •  1  ^ 
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between  metals,  the  alteration  of  physical  characters  wh,Vln  ?o  ti 
distinctive  feature  of  chemical  conation ,Z ^Sri2e^ 
gl'ea*  fXtent-  Jhe  most  unquestionable  componnS  ofSs 
with  metals  are  still  metallic  in  their  general  physical  charters 
and  there  is  no  such  transmutation  o?  the  mdi4uahty  ol  S 
constituents  as  takes  p  ace  in  the  combination  of  a  meta  with 
oxygen,  sulphur,  chlorine,  &c.    The  alteration  of  dSeiJin 

The  formation  of  actual  chemical  compounds,  in  some  cases 
when  two  metals  are  melted  together,  is  indicated  !  1?  1 
phenomena,  viz.,  the  evolution  of  neat,  as  mTh7  cte  of  Plata 
and  tin,  copper  and  zinc,  &c.  The  density  of  aUovs  Offers  CS 
of  mere  mixtures  of  the  metals.  In  the  LhdificatioTof  allZ  the 
temperature  does  not  always  fall  uniformlv  W  nft™  7  ' 
stationary  at  particular  degrees,  SK^iS^tw!^ 

fe/rt of the  compounds  then  «^LSi5rfB?^Bgs 

33K^^1&aff«»'  to^e  that  the  existence 

ical  mixtur^  or 4  1 ^'^heimcal combination;  3.  Mechan- 
ab<We;  and  that  similar  iff  °r  Duxtu1re  of  two  or  all  of  the 
hthe  sSstafe  Terences  may  obtain  as  to  its  condition 

iVKle&f  f6a«ent8+T?  ^  ifi  «hnes  very 

tet  is  not  affeS  WftataS  lf^dissolved  by  nitric  acid 
which  i     1  y!,v         when  unalloyed.    On  the  contrary 
**>.  is  not  dissolved   ?S  ^"n  '*  ^  dissol^d  by  nitric 

COMPOUND8  0F  METALS  WITH  METALLOIDS. — OLASSIBTOATION 
.  OF  METALS. 

^^ZVtXB  accor^g to  their  equivalence  or 
*  "  '"  fche  table  on  p.  250,  each  of  the  classes  thus 
*  British  Association  Reports,  1863,  p.  97. 
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at  higher  tempej.- 

mefaZs.    lliey  are  son,  edbi^  >    oxv^eii;  decompose  water 

toes;  combine .very  ™1?  £^  o^8.  which  are 

at  aU  temperatures; ;  and  ™  ™fXlly  caustic  and  alkaline 
very  soluble  m  water,  yielding  P°™^ „  A  b  heat.  T^ir 

%  t  las 

gfS  composition  to  ordinary  potash  alum 

TwS  toTe'S  "SSL  tat  e«  — 3 
£e  causticity,  and  action  on  Teg* f ^Xr™  W« " 

erbium,  lanthanum,  and  didymium  form L™^^^ 
which  are  insoluble  in  water,  ^"^^jgfSi^Sdulite  in 
state  by  hydrogen  or  carbon  ;  ^  ^^f^o  form  but  one 
water,  their  sulphates  soluble.  mese  meuus  * 
rhloride,viz.,aLhloride.  ^  "^^  oue  another 
3.  Magnesium,  zinc,  and  cadmium  ie.em d  e 

Jdes:  mercf  y,  for  oxampl^  foxn, s  the  two  «*g^£fc3a 
Hg2Cl2,  and  the  two  oxides,  HgO  and  Hg£_c1 
(calomel)  is  represented  by  the  formula^        ,  and  the  com 
spending  oxide  by  |8>0.    The  copper  compounds  are  similarly 
constituted.  These  metals  do  not  decompose  water  at  any  tempera- 
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fare;  they  arc  oxidised  by  nitric  and  by  strong  sulphuric  acid. 
The  oxides  of  mercury  are  reduced  to  the  metallic  state  by  heat 
alone  ;  those  of  copper,  by  ignition  with  hydrogen  or  char- 
coal. 


Class  III.— Triad  Metals.— The  only  metals  belonging  to  this 
class  are  thallium,  indium,  and  gold.  Indium  forms  only  a 
trichloride,  thallium  and  gold  form  monochlorides  and  trichlorides, 
also  corresponding  oxides,  e.g.,  gold  chlorides,  AuCl  and  AuCl3 '; 
oxides,  Au20  and  Au203.  The  mono-compounds  of  thallium  are 
much  more  stable  than  the  tri-compounds,  and  in  respect  of  these 
compounds  thallium  exhibits  very  close  analogies  with  the  alkali- 
metals,  forming,  for  example,  an  alum  isomorphous  with  common 
potash  alum,  and  phosphates  analogous  in  composition  to  the 
phosphates  of  sodium. 

_  Class  IV. —  Tetrad  Metals.  — 1.  Platinum,  palladium, 
indium,  rhodium,  ruthenium,  and  osmium  form  a  natural 
group  of  metals,  occurring  together  in  the  metallic  state,  and 
resembling  each  other  in  many  of  their  properties.  Platinum  and 
palladium  form  dichlorides  and  tetrachlorides,  with  corresponding 
oxides  as,  e.g.,  PtCl2,  PtCl4,  PtO,  PtO,.  Iridium  forms  a  di- 
,  .  "de>  a  tetrachloride,  and  an  intermediate  chloride,  Ir2CL, 
which  may  be  regarded  as  a  compound  of  the  other  two,  or  as  con- 

IrCl3 

stituted  according  to  the  formula  I        .    Ruthenium  and  osmium 

IrCl3 

torn  chlorides  similar  in  constitution  to  those  of  iridium  ;  rhodium 
only  a  dichloride,  RhCl2,  and  a  trichloride,  Rh2Clc.  All  these 
metals  torm  oxides  analogous  in  composition  to  their  chlorides,  e.g., 
iru,  lr203,  Ir02,  and  likewise  higher  oxides,  iridium  and  rhodium 
Waning  tnoxides,  IrO,  and  Rh03,  and  osmium  and  ruthenium 
lorming  tetroxides,  Os04andRu04:  whence  it  might  be  inferred 
'Hat  in.  nun  and  rhodium  are  hexads,  osmium  and  ruthenium 
ockuIs;  but  there  are  no  chlorides  corresponding  to  these  oxides, 
ana  as  already  observed  (p.  257),  the  atomicity  of  an  elemeni 

°™ot  be  inferred  from  the  composition  of  its  oxides.    The  metals 
www platinum  group  are  not  acted  upon  by  nitric  acid,  but  only 
chlorine  or  mtromuriatic  acid.    With  the  exception  of  osmium, 
,i        ",X,"I|SI'  1,1  the  air  at  any  temperature,  and  their  oxides 
»re  a,,  reducible  by  heat  alone.    These  metals,  together  with  gold, 
and  mercury,  which  likewise  exhibit  the  last-mentioned 

"l^ter,  are  sometimes  called  noble  metals. 

,     . 1  111  an<]  titanium  arc  dlosely  related  to  silieimn,  each 
11  "ga  volatile  tetrachloride;  namely,  stannic  chloride,  SnCL, 
', chlonde,  TiCl4,  together  with  the  corresponding  oxides. 
e  ™  "Kejj  ise  forms  the  stannous  compounds  in  which  it  is  bivalent, 
"  U  SnO;  and  titanium  forms  the  titanous  compounds,  in 
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which  it  is  apparently  bivalent,  but  really  quadrivalent,  like 

aluminium.  ,        .   .  ,.      ,  ,.  •■■ 

3.  Lead  stands  by  itself.  Its  quadnvalence  is  interred  lrom  the 
composition  of  plumbo-tetrethide,  Pb(C2H6)4 ;  but  in  most  of  its 
compounds  it  is  bivalent,  forming  only  one  chloride,  PbCL.  with 
corresponding  iodide,  bromide,  and  fluoride.  It  form i  also  the 
corresponding  oxide,  PbO,  together  with  a  lower  oxide  Pb,0,  and 
SeeWeroxideB  Pb304,  Pb405,  and  PbO  Lead  is  allied  to 
barium  and  strontium  by  the  isomorphism  of  its  sulphate  ^th  the 
sulphates  of  barium  and  sti-ontium  and  to  silver  thallium  and 
mercury  by  the  sparing  solubility  of  its  chloride  which  is  precipi- 
tated by  hydrochloric  acid  from  solutions  of  lead  salts.  _ 

4  Zirconium  forms  a  tetrachloride,  ZrCl4,  and  a  dioxide  Zi02 
Thorinum  forms  similar  compounds.  Aluminium  is  interred 
to  be  tetradic  from  its  analogy  to  iron  in  the  feme  compounds  but 
it  forms  only  one  class  of  salts,  in  which  it  is  apparently  tnvalent, 

A1C13  °  =  ^1 

the  chloride  being  A12C10  =  |        ,  and  the  oxide         I  >U. 

A.1C1  — 
Aluminimu  and  zirconium  belong  to  the  class  of  earth-metals,  and 
will  be  described  in  connection  with  them. 

5  The  Iron  group  comprises  iron,  manganese,  cooaii, 
nickel,  and  cerium.  The  atomicity  of  these  metals  haj 
already  been  discussed  (p.  250).  Manganese  forms  a  chloride  of 
somewhat  doubtful  composition,  in  which  it  is  apparently  septi- 
valent;  but  the  rest  do  not  form  any  compounds  with  monad 
elements  in  which  they  exhibit  an  equivalent  value  greater  than* 
All  these  metals  decompose  water  at  high  temperatures,  IN  1  ck  ei 
and  cobalt  are  magnetic,  like  iron;  and  then-  salts  are  isomor- 
phous  with  the  corresponding  iron  compounds. 

Class  V.— Pentad  Metals.— I.  Arsenic  forms  a  trichloride,  a 
trioxide,  and  corresponding  salts;  also  apentoxide,  and  correspond- 
ing salts  called  arsenates,  analogous  to  the  phosphates.  An w- 
mony  forms  a  trichloride  and  pentachloride  analogous  to  those  w 
phosphorus,  also  the  corresponding  oxides.    B1™™  lomS 

volatile  trichloride,  and  a  dichloride,  Bi2Cl4,  or  J      ■    ^  ana* 

Jdi012 

dium  was  formerly  supposed  to  belong  to  the  tungsten  group,  but 
it  has  lately  been'  shown  to  be  a  pentad.  It  forms  a  tnchloncie, 
VCU;  also  an  oxychlorde,  VOCl3,  analogous  to  phosphorus  ox  - 
chloride;  and  the  oxides,  V203  anlv?0B,  analogous  to  hoseof  p  .0 - 
phorus  and  arsenic,  the  latter  yielding  a  series  of  salts,  the  vana 
dates  isomorphous  with  the  phosphates  and  arsenates  ot  ton 

•SfeSSfSS  ,noM„„„  romevlv  regarded  ■ j«-*J 
1»™  lately  teen  shown  by  Marignac  to  torn  pentachlondes  m 
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peutoxides.  The  oxides  of  the  pentad  metals  are,  for  the  most 
part,  of  acid  character. 

Class  VI. — Sexad  Metals. — 1.  Chromium  forms  a  hexfluoride, 
CrFc,  and  a  corresponding  oxide,  Cr03.  It  likewise  forms  two 
series  of  compounds,  in  which  it  exhibits  lower  degrees  of  equiva- 
lence, viz.,  the  chromic  compounds  analogous  to  the  ferric  com- 
pounds, in  which  it  is  apparently  trivalent,  but  really  quadriva- 

Cr"'  Cl3 

lent ;  e.g.,  chromic  chloride,  Cr,Cl6  or  |          ,  and  the  chromous 

Cr"'  Cl3 

compounds,  analogous  to  the  ferrous  compounds,  in  which  it  is 
bivalent,  e.g.,  CV'C12,  Cr"0.  Uranium  forms  a  trioxide,  U03,  and 
an  oxychloride,  U02C12,  analogous  to  Cr03Cl2. 

2.  Tun  gsten  forms  a  hexchloride,  WC10,  and  the  corresponding 
oxide,  W03.  Molybdenum  is  not  known  to  form  a  chloride 
higher  than  MoCl^,  but  its  trioxide,  Mo03,  is  known ;  and  from 
the  general  similarity  of  the  tungsten  and  molybdenum  com- 
pounds, the  latter  metal  is  inferred  to  be  hexadic. 

The  metals  of  the  alkalis  and  alkaline  earths,  on  account  of  their 
inferior  specific  gravity,  are  often  called  light  metals ;  the  others, 
heavy  metals. 

Metallic  Chlorides.— All  metals  combine  with  chlorine, 
and  most  of  them  in  several  proportions,  as  above  indicated,  form- 
ing compounds  which  may  be  regarded  as  derived  from  one  or 
more  molecules  of  hydrochloric  acid,  by  substitution  of  a  metal 
for  an  equivalent  quantity  of  hydrogen ;  thus  ; — 

From  HC1   are  derived  monochlorides  like  KC1 
„    H2C12        „        dichlorides       „  Ba"Cl„ 
»    H3C13        „        trichlorides       ,.  Au'"Cl3 
„    H4C14        „        tetrachlorides    „    SnivCl4,  &c.  &c. 

Hydrochloric  acid  may,  in  fact,  be  regarded  as  the  type  of  chlor- 
ides in  general. 

Several  chlorides  occur  as  natural  products.  Sodium  chloride, 
'"'  common  salt,  occurs  in  enormous  quantities,  both  in  the  solid 
state  as  rock-salt,  and  dissolved  in  sea  water,  and  in  the  water  of 
nvera  and  springs.  Potassium  chloride  occurs  in  the  same  forms, 
i>ut  m  smaller  quantity;  the  chlorides  of  lithium,  caesium,  rubi- 
waa,  and  thallium  also  occur  in  small  quantities  in  certain  spring 
waters.  Mercurons  chloride,  Hg.,Cl2,  and  silver  chloride.  AgCL. 
occur  as  natural  minerals. 

I.  Chlorides  are  generally  prepared  by  one  or  other  of  bhe  fol- 
lowing processes:  (1.)  By  acting  upon  the  metal  with  chlorine 
gas.   Antimony  pentachloride  and  copper  dichloride  are  examples 
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of  chlorides  sometimes  produced  in  this  manner.  The  chlorides 
of  «old  and  platinum  are  usually  prepared  by  acting  upon  the 
metals  with  nascent  chlorine,  developed  by  hydrochloric  and  nitric 
acids  Sometimes,  on  the  other  hand,  the  metal  is  in  a  nascent 
state,  as  when  titanic  chloride  is  formed  by.  passing  a  current  ot 
chlorine  over  a  heated  mixture  of  charcoal  and  titanic  oxide.  1  he 
chlorides  of  aluminium  and  chromium  may  be  obtained  by  similar 

Pr<2Cec5orine  gas,  by  its  action  upon  metallic  oxides,  drives  out 
the  oxygen,  and  unites  with  the  respective  metals  to  form  chlorides. 
This  reaction  sometimes  takes  place  at  ordinary  temperatures,  as 
is  the  case  with  silver  oxide;  sometimes  only  at  a  red  heat,  as  is 
the  case  with  the  oxides  of  the  alkalis  and  alkaline  earth-metals 
The  hydrates  and  carbonates  of  these  last  metals,  when  dissolved 
or  suspended  in  hot  water  and  treated  with  excess  of  chlorine,  are 
converted,  chiefly  into  chlorides,  partly  into  chlorates. 

3  Many  metallic  chlorides  are  prepared  by  acting  upon  the 
metals  with  hydrochloric  acid.  Zinc,  cadmium,  iron  nickel,  co  bait, 
and  tin  dissolve  readily  in  hydrochloric  acid,  with  liberation  ot 
hydrogen :  copper  only  in  the  strong  boiling  acid ;  silver,  mercury, 
palladium,  platinum,  and  gold,  not  at  all.  Sometimes  the  metal 
is  substituted,  not  for  hydrogen,  but  for  some  other  metal.  Stan- 
nous chloride,  for  instance,  is  frequently  made  by  distilling  metalhc 
tin  with  mercuric  chloride  ;  thus :  HgCl2  +  Sn  =  SnU2  +  Mg. 

4.  By  dissolving  a  metallic  oxide,  hydrate,  or  carbonate  m  hydro- 
chloric acid.  „„+ 
All  monochlorides  and  dichlorides  are  soluble  m  water,  except- 
in^  silver  chloride,  AgCl,  and  rnercurous  chloride,  Hg/^ ;  lead 
chloride,  PbCl2,  is  sparingly  soluble;  these  three  chlorides  axe 
easily  formed  by  precipitation.  Many  metalhc  chlorides  dissolve 
also  in  alcohol  and  in  ether. 

Most  monochlorides,  dichlorides,  and  trichlorides  volatilise  at 
high  temperatures  without  decomposition;  the  higher  chlorides 
when  heated  give  off  part  of  their  chlorine.  Some  chlorides  whicn 
resist  the  action  of  heat  alone  are  decomposed  by  ignition  m  the 
ah,  yielding  metallic  oxides  and  free  chlorine :  this  is  the  case  witn 
the  dichlorides  of  iron  and  manganese ;  but  most  dichlorides  remain 
undecomposed,  even  in  this  case.  All  metallic  chlorides,  except  ing 
those  of  the  alkali-metals  and  earth-metals,  are  decomposed  at « 
red  heat  by  hydrogen  gas,  with  formation  of  hydrochloric  acid:  m 
this  way,  metalhc  iron  may  be  obtained  hi  fine  cubical  crystals. 
Silver  chloride  placed  in  contact  with  metallic  zinc  or  iron,  undo 
dilute  sulphuric  or  hydrochloric  acid,  is  reduced  to  the  metallic 
stale  by  the  nascent  hydrogen.  1 

Sulphuric,  phosphoric,  boric,  and  arsenic  acids  decompose  rooi 
metallic  chlorides,  sometimes  at  ordinary,  sometimes  at  higher 
temperatures.    All  metallic  chlorides,  heated  with  lead  dioxide  or 
manganese  dioxide  and  sulphuric  acid,  give  off  chlorine,  e.g. : 
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2NaCl  +  Mn02  +  2H2S04  =  Na2S04  +  MnS04  +  2H20  +  Cl2. 

Sodium     Manganese     Sulphuric        Sodium  Manjranoiis 
chloride,      dioxide.  acid.  sulphate.  sulphate. 

_  Chlorides  distilled  with  sulphiu'ic  acid  and  potassium  chroniate 
yield  a  dark  bluish-red  distillate  of  chromic  oxychloride.  Some 
metallic  chlorides  are  decomposed  by  water,  forming  hydrochloric 
acid  and  an  oxychloride,  e.g. :  BiCl3  +  H20  =  2HC1  +  BiClO. 
The  chlorides  of  antimony  and  stannous  chloride  are  decomposed 
in  a  similar  manner. 

All  soluble  chlorides  give  with  solution  of  silver  nitrate,  a  white 
precipitate  of  silver  chloride,  easily  soluble  in  ammonia,  insoluble 
in  nitric  acid.  With  mercurous  nitrate,  they  yield  a  white  curdy 
precipitate  of  mercurous  chloride,  blackened  by  ammonia;  and 
with  lead-salts  not  too  dilute,  a  white  crystalline  precipitate  of 
lead  chloride,  soluble  in  excess  of  water. 

Metallic  chlorides  unite  with  each  other  and  with  the  chlorides 
of  the  non-metallic  elements,  forming  such  compounds  as  potassium 
cnloromercurate,  2KCl.HgCl9,  sodium  chloroplatinate,  2NaCl.PtCL 
potassium  chloriodate,  KC1.IC13,  &c.  Metallic  chlorides  combine 
in  definite  proportions  with  ammonia  and  organic  bases:  the  chlo- 
rides of  platinum  form  with  ammonia  the  compounds  2NH,  PtCL, 
4NH3.PtC;i2,  2NH3.PtCl4,  and  4NH3.PtCl4;  mercuric  chloride 
forms  with  aniline  the  compound  2C„H7N.HgCl2,  &c. 

_  Chlorides  also  unite  with  oxides  and  sulphides,  forming  oxychlo- 
ndes  and  oxy sulphides,  which  may  be  regarded  as  chlorides  having 
part  of  their  chlorine  replaced  by  an  equivalent  quantity  of  oxygen 
or  sulphur  (Cl2  by  0  or  S).  Bismuth,  for  example,  forms  an  oxy- 
chloride having  the  composition  Bi"'C10  or  BiCl3.Bi203. 

Bromides.  — Bromine  unites  directly  with  most  metals 
forming  compounds  analogous  in  composition  to  the  chlorides,  and 
resembhng  them  m  most  of  their  properties.  The  bromides  of 
ine  alkali-metals  occur  m  sea-water  and  in  many  saline  springs; 
saver  bromide  occurs  as  a  natural  mineral.  Nearly  all  bromides 
are  soluble  m  water,  and  may  be  formed  by  treating  an  oxide, 
nyclrate,  or  carbonate,  with  hydrobromic  acid,  the  solutions  when 
^aporated  giving  off  water  for  the  most  part,  and  leaving  a  solid 
metallic  bromide;  some  of  them,  however,  namely,  the  bromides 
^  magnesium,  aluminium,  and  the  other  earth-metals,  are  more  or 
^ec°mposed  by  exaporation,  giving  off  hydrobromic  arid,  and 
a  mixtuye  of  metallic  bromide  and  oxide.  Silver  bromide 
FJ  mercurous  bromide  are  insoluble  in  water,  and  lead  bromide 
■  V'tv  sparingly  soluble;  these  are  obtained  by  precipitation, 
n,/'   r     '  promi<ies  are  solid  at  ordinary  temperatures ;  most  of 

"» i«ae  at  a  moderate  heal,  and  volatilise  at  higher  temperatures. 
"roniKies  „|  gold  and  platinum  are  decomposed  by  mere 
.     sure  to  heat;  many  others  give  up  their  bromine  when  heated 

contact  with  the  air.    Chlorine,  will,  the  aid  of  heat,  drives  out 
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the  bromine  and  converts  them  into  chlorides.  Hydrochloric  aejd 
also  decomposes  them  at  a  red  heat,  giving  off  hycbobronnc  acii 
Strong  sulphuric  or  nitric  acid  decomposes  them  with  evolution 
of  hydrobroinic  acid,  which,  if  the  sulphuric  or  nitric  acid  is  con- 
centrated and  in  excess,  is  partly  decomposed,  with  separation  of 
bromine  and  formation' of  sulphurous  oxide  or  nitrogen  dioxida 
Bromides  heated  with  sulphuric  acid  and  manganese  dioxide  01 
potassium  chromate,  give  off  free  bromine.  oMm^P  Piti1Pr 

Bromides  in  solution  are  easdy  decomposed  by  chloiine,  either 
in  the  form  of  gas  or  dissolved  in  water,  the  liquid  acquiring  a  red 
SSSifiw  colour,  according  to  the  quantity  of  bromine 
present ;  and  on  agitating  the  liquid  with  ether,  that  liquid  dissolves 
th?teoraine,  forming  a  red  solution,  which  rises  to  the  surface. 

Soluble  bromides  give  with  silver  nitrate  *  white  precipitate  o 
silver  bromide,  greatly  resembling  the  chloride,  but  much  less 
soluble  in  ammonia,  insoluble  in  hot  nitric  acid  Mercury 
Urate  produces  a  yeUowish-white  precipitate ;  and  lead  ac£M£ 
white  precipitate  much  less  soluble  m  water  than  the  chloride 
Palladium  nitrate  produces  in  solutions  of  bromides  not  con  aimng 
chlorine,  a  black  precipitate  of  bromide.  _  Palladium  chloride pro- 
duces no  precipitate  ;  neither  does  the  nitrate,  li  soluble  chlorides 

Bromides  unite  with  each  other  in  the  same  manner  as  chlorides ; 
also  with  oxides,  sulphides,  and  ammonia. 

Iodides.— These  compounds  are  obtained  by  processes  similar 
to  those  which  yield  the  chlorides  and  bromides.  Jfany  metaJJ 
unite  directly  with  iodine.  Potassium  and  sodium  iodide*  exist  m 
sea-water  and  in  many  salt-springs;  silver  iodide  occurs  as  a 

^M^tmc^dides  are  analogous  to  the  bromides  and  chlorides  w 
composition  and  properties.    But  few  of  them  are  decomposed  b 
heat  alone;  the  iodides  of  gold,  silver,  platinum,  and  palladiums 
however,  give  up  their  iodine  when  heated 

Most  metalbc  iodides  are  perfectly  soluble  m  water ;  but  leao 
iodide  is  very  slightly  soluble,  and  the  iodides  of  mercury  ana 
silver  are  quite  insoluble.  .  „.„iiv 

Solutions  of  iodides  evaporated  out  of  contact  ot  air,  genei.u 
leave  anhydrous  metallic  iodides,  which  partly  separate  w i  tnj 
crvstalline  form  before  the  water  is  wholly  driven  oft.  1  be  lodioe. 
of  the  earth-metals,  however,  are  resolved,  on  evaporation,  lnw 
the  earthy  oxides  and  hydriodic  acid,  which  escapes.  A  v<&} 
small  quantity  of  chlorine  colours  the  solution  yellow  or  brown, 
bv  Partial  decomposition;  and  a  somewhat  larger  quantity  taKes 
up  the  whole  of  the  metal,  forming  a  chloride  and  separate^ W 
iodine,  which  then  gives  a  blue  cofour  with  starch;  a  stiU .  toff* 
m3tv  of  chlorinl  gives  the  liquid  a  paler  colour,  and  convert 
S^atediSe  into  trichloride  of  Iodine,  which  does  not  pi  • 
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a  blue  colour  with  starch,  and  frequently  enters  into  combination 
with  the  metallic  chloride  produced.  Strong  sulphuric  acid  and 
somewhat  concentrated  nitric  acid  colour  the  solution  yellow  or 
brown ;  and  if  the  quantity  of  the  iodide  is  large,  and  the  solution 
much  concentrated  or  heated,  they  liberate  iodine,  which  partly 
escapes  in  violet  vapours.  Starch  mixed  with  the  solution,  even  if 
it  be  very  dilute,  is  turned  blue — permanently,  when  the  decom- 
position is  effected  by  sulphuric  acid ;  for  a  time  only,  when  it  is 
effected  by  nitric  acid,  especially  if  that  acid  be  added  in  large 
quantity. 

The  aqueous  solution  of  an  iodide  gives  a  brown  precipitate  with 
salts  of  bismuth;  orange-yellow  with  lead-salts ;  dirty-white  with 
cuprous  salts,  and  also  with  cupric  salts,  especially  on  the  addition 
of  sulphurous  acid ;  greenish-yellow  with  mercurous  salts ;  scarlet 
with  mercuric  salts;  yellowish- white  with  silver  salts;  lemon- 
yellow  with  gold  salts ;  brown  with  platinic  salts— first,  however, 
turning  the  liquid  dark  brown-red ;  and  black  with  salts  of  palla- 
dium, even  when  extremely  dilute.  All  these  precipitates  consist 
of  metallic  iodides,  many  of  them  soluble  in  excess  of  the  soluble 
iodide :  the  silver  precipitate  is  insoluble  in  nitric  acid  and  very 
little  soluble  in  ammonia. 

Metallic  iodides  unite  with  one  another,  forming  double  iodides, 
analogous  to  the  double  chlorides ;  they  also  absorb  ammonia  gas 
in  definite  proportions.  Some  of  them,  as  those  of  antimony  and 
tellurium,  unite  with  the  oxides  of  the  corresponding  metals, 
forming  oxyiodides. 

Fluorides.— These  compounds  are  formed— 1.  By  heatin" 
hydrofluoric  acid  with  certain  metals.  2.  By  the  action  of  that 
acid  on  metallic  oxides.  3.  By  heating  electro-negative  metals- 
antimony,  for  example— with  fluoride  of  lead  or  fluoride  of  mer- 
cury. 4.  Volatile  metallic  fluorides  may  be  prepared  by  heating 
fluor-spar  with  sulphuric  acid  and  the  oxide  of  the  metal. 

Fluorides  have  no  metallic  lustre;  most  of  them  are  easily 
nisi  b  e,  and  for  the  most  part  resemble  the  chlorides.  They  are 
not  decomposed  by  ignition,  either  alone  or  when  mixed  with 
cnarcoal.  When  ignited  in  contact  with  the  air,  in  a  flame  which 
contains  aqueous  vapour,  many  of  them  are  converted  into  oxides, 
mule  the  fluorine  is  given  off  as  hydrofluoric  acid.  All  fluorides 
are  decomposed  by  chlorine,  and  converted  into  chlorides.  They 
are  not  decomposed  by  phosphoric  oxide,  unless  silica  is  preseni. 
i  M'-y  are  decomposed  at  a  gentle  heat  by  strong  sulphuric  arid, 
acid       atlon  of  a  metallic  sulphate  and  evolution  of  hydrofluoric 

The  fluorides  of  tin  and  silver  are  easily  soluble  in  water;  those 
potassium,  sodium,  and  iron  are  sparingly  soluble;  those  of 
'V'i  i"""  t,'"1  '':"ll"im"  V('''y  slightly  soluble,  and  the  res!  in- 
luule.    The  solutions  of  ammonium,  potassium,  and  sodium 


ii 
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fluoride  have  an  alkaline  reaction.  The  aqueous  solutions  of 
fluorides  corrode  glass  vessels  in  which  they  are  kept  or  evapo- 
rated T^ey  form  with  soluble  cafci^a^apreeipitate  of  cal- 
cSfluoS,  in  the  form  of  a  transparent  jelly  which  is  scarcely 
visible,  because  its  refractive  power  is  nearly .the  same  a^hat  o 
the  liciuid  •  the  addition  of  ammonia  makes  it  plainer.  1  ins  pre 
cimtS  if  it  does  not  contain  silica,  dissolves  with  difficulty  in 
SSoric  or  nitric  acid,  and  is  re-precipitated  by  ammonia 
K  atueous  flumides  give  a  pulverulent  precipitate  with  lead 

^fluorides  of  antimony,  arsenic,  chi-omium,  mercury  ni tfjbna, 
osmium,  tantalum,  tin,  titanium,  tungsten,  and  zmc,  are  volatile 

*%Z££S^£  tendency  to  form  double  salts jejgjgg  of 
a  fluoride  of  a  basic  or  positive  metal  umted  mth  the  fluonde 
hydrogen,  boron,  silicon,  ton,  titanium,  zn-comum,  &c.,  e.g. 


Potassium  hydrofluoride, 
Potassium  borofluoride, 
Potassium  silicofluoride, 
Potassium  titanofluoride, 
Potassium  stannofluoride, 
Potassium  zircofluoride, 


KHF,    =  KF.HF 

KBF4"  =  kf.bf3 

K0SiF8  =  2KF.S1F. 
K^TiFg  =  2KF.TiF4 
K;SnF6  =  2KF.SnF4 
K;ZrF6  =  2KF.ZrF4. 


The  four  classes  of  compounds  just  described,  the  chlorides, 
bromfdes'odiles,  and  fluorfdes,  form  a  group  often  designated  m 
haloid  compounds  or  haloid*  salts,  ^ jjf1  *™ J°g  $ 
sodium  chloride  or  sea  salt,  which  maybe  regarded  iu .a ^eoi 
them  all.  The  elements,  chlorine,  bromine,  iodine,  and  fluoiine, 
are  called  halogens. 

Cyanides.-Closely  related  to  these  haloid  compounds  are the 
cyanides,  formed  by  the'union  of  metals  with  the  group  IS,  cyano 
Jen,  which  is  a  nionatomic  radical  derived  from  the  saturated 
molecule  CWN'"H  (hydrocyanic  acid),  by  abstraction  ot  ri , 
ToS  tlS  cyanides  may  be  regarded  as  chlorides  having  the  element 
CI  replaced  by  the  compound  radical  CN.  < 
Some  metals-potassium  among  the  number- are  converted 
into  cyanides  by  heating  them  in  cyanogen  gas  or  vapour-  ot  hydro 
cy^iJ  acid.    The  cyanides  of  the  alkali-metals  axe  also  .forgj 
(together  with  cyanates)  by  passing  cyanogen  gas  o\ei  the ^eaiea 
Hates  or  carbonates  V  the  same  metals  ;  P°^saum  cy^ 
also   by  passing  nitrogen  gas  over  a  mixture  ot  ehai  ou 
Sateor  carbonate  of  potassium  at  a  bright  red  heat.    Cya - 
2e  formed  abundantly  when  nitrogenous  organic  com poun js 
S  heated  with  fixed  alkali.    Other  modes  of  formation  will  be 
mentioned  hereafter. 

*  From  S\s,  the  sea. 
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The  cyanides  of  the  alkali-metals  and  of  barium,  strontium,  cal- 
cium, magnesium,  and  mercury,  are  soluble  in  water,  and  may  be 
produced  by  treating  the  corresponding  oxides  or  hydrates  with 
hydrocyanic  acid.  Nearly  all  other  metallic  cyanides  are  insoluble, 
and  are  obtained  by  precipitation  from  the  soluble  cyanides. 

The  cyanides  of  the  alkali-metals  sustain  a  red  heat  without 
decomposition,  provided  air  and  moisture  be  excluded.  The 
cyanides  of  many  of  the  heavy  metals,  as  lead,  iron,  cobalt,  nickel, 
and  copper,  under  these  circumstances,  give  off  all  their  nitrogen 
as  gas,  and  leave  a  metallic  carbonate ;  mercuric  cyanide  is  resolved 
into  mercury  and  cyanogen  gas;  silver  cyanide  gives  off  half  its 
cyanogen  as  gas.  Most  cyanides,  when  heated  with  dilute  acids, 
gives  off  their  cyanogen  as  hydrocyanic  acid. 

Cyanides  have  a  strong  tendency  to  unite  with  one  another, 
forming  double  cyanides.  The  most  important  of  these  are 
the  double  cyanides  of  iron  and  potassium,  namely,  potassio-ferrous 
cyanide,  Fe"K4(CN)0,  commonly  called  yellow  prussiate  of  potash; 
and  potassio-ferric  cyanide,  Fe"/K3(CN)6,  commonly  called  red 
prussiate  of  potash.  Both  these  are  splendidly  crystalline  salts, 
which  dissolve  easily  in  water,  and  form  highly  characteristic  pre- 
cipitates with  many  metallic  salts.  These  salts,  with  the  other 
cyanides,  will  be  more  fully  described  under  "  Organic  Chemistry  ;" 
but  they  are  mentioned  here,  on  account  of  their  frequent  use  in 
the  qualitative  analysis  of  metallic  solutions. 

Oxides.— All  metals  combine  with  oxygen,  and  most  of  them 
in  several  proportions.  In  almost  all  cases  oxides  are  formed 
corresponding  in  composition  to  the  chlorides,  one  atom  of  oxygen 
taking  the  place  of  two  atoms  of  chlorine.  Many  metals  also  form 
oxides  to  which  no  chlorine  analogues  are  known;  thus  lead, 
which  forms  only  one  chloride,  PbCl2,  forms,  in  addition  to  the 
monoxide,  PbO,  a  dioxide,  PbO?,  besides  oxides  of  intermediate 
composition  ;  osmium  also,  the  highest  chloride  of  which  is  OsCl4, 
forms,  m  addition  to  the  dioxide,  a  trioxide  and  a  tetroxide.  This 
anses  from  the  fact  that  any  number  of  atoms  of  oxygen  or  other 
dyad  element  may  enter  into  a  compound  without  disturbing  the 
balance  of  equivalency  (p.  249). 

Just  as  chlorides  are  derived  by  substitution  from  hydrochloric 
acid,  HC1  (p.  298),  so  likewise  may  oxides  be  derived  from  one  or 
more  molecules  of  water,  110;  but  as  the  molecule  of  water  con- 
tains two  hydrogen-atoms,  the  replacement  of  the  hydro-en  may, 
M  already  explained  (p.  233),  be  either  total  or  partial,  the  pro- 
duct in  the  first  case  being  an  anhydrous  metallic  oxide,  and  in  the 
second  a  hydrated  oxide  or  hydrate,  in  which  the  oxygen  is  asso- 
ciated I, nth  with  hydrogen  and  with  metal;  in  this  mai  c  the 

rouowing  hydrates  and  anhydrous  oxides  may  be  constituted: 
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Type.  Hydrates.  Oxides. 

HO  •      KHO     •       ■  K2° 

Ba"0 


ELO 


2 


Ba"H,0,  •  Sn"02 
Bi'"HO; 


H  0  •       As"H03"  .       •  Sb'"203 

H  O  •  ZrwH404 

H10O5  Sb^- 

It  may  be  observed  that  tbe  hydrates  of  artiad  metals  contain 

the  elements  of  a  molecule  of  the  corresponding  anhydrous  oxide, 

and  of  one  or  more  molecules  of  water ;  thus— 

Barium  hydrate,  MI202  =  BaJO.H^O 

Stannic  hydrate,  |n  H2Os  =  SjW 

Zirconium  hydrate,  .       •       Zr"H404  =  Zr  02.2H2O. 

But  the  hydrate  of  a  perissad  metal  contains  in  its  molecule  only 

half  the  number  of  atoms  required  to  make  up  a  molecule  of  oxide 

together  with  a  molecule  of  water ;  thus— 

Potassium  hydrate,  .  KHO     =  f  j^O-H^O) 

Bismuth  hydrate,  .  .  Bi "'H02  =  i  B jfc^) 
Arsenic  hydrate,      .       •       As*H03  =  |  (As  205.H20). 

These  perissad  hydrates  cannot,  therefore,  be  correctly  regarded  as 
mmnounds  of  anhydrous  oxide  and  water. 

Xymetalhc  oxides  occur  as  natural  minerals,  and  some,  espe- 
cially those  of  iron,  tin,  and  copper,  in  large  quantities,  forming 
ores  from  which  the  metals  are  extracted. 

All  metals,  except  gold,  platinum,  mdium,  rhodium  and 
ruthenium,  are  capable  of  uniting  directly  with  oxygen,  borne, 
Is  potassium,  sodium,  and  barium,  oxidise  rapidly  on  exposure  to 
the  air  at  ordinary  temperatures,  and  decompose  water  with  eneigy 
Most  metals,  however,  when  in  the  massive  state  remain  perfectly 
brioht  and  unacted  on  in  dry  air  or  oxygen  gas,  but  oxidise  slowl| 
when  moisture  is  present;  such  is  the  case  with  iron,  zinc,  and 
lead    Some  of  the  ordinarily  permanent  metals,  when  in  a  verj 
fmeiv  divided  state,  as  lead  when  obtained  by  ignition  ol  its  tar- 
trate and  iron  reduced  from  its  oxide  by  ignition  m  hydrogen  gas* 
tike  fire  and  oxidise  spontaneously  as  soon  as  they  come  m  contact 
with  the  ah-.    Lead,  iron,  copper,  and  the  volatile  metals  arseng 
antimony,  zinc,  cadmium,  and  mercury,  are  converted  into  oxides 
Sen  hied  in  air  or  oxygen.    Many  metals,  especially  at  a  red 
heat  are  readily  oxidised  by  water  or  steam.    A  very  general 
method  of  preparing  metallic  oxides  is  to  subject  the  correspond- 
hydrates,  carbonates,  nitrates,  sulphates,  or  any  oxygen-salts 

Stamina  volatile  acids,  to  the  action  of  heat. 

Oxides  are  for  the  most  part  opaque  earthy  bodies,  destitute  of 
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metallic  lustre.  The  majority  of  them  are  fusible ;  those  of  lead 
and  bismuth  at  a  low  red  heat ;  those  of  copper  and  iron  at  a  white 
heat;  those  of  barium  and  aluminium  before  the  oxy-hydrogen 
blow-pipe ;  while  calcium  oxide  (lime)  does  not  fuse  at  any  tem- 
perature to  which  it  has  yet  been  subjected.  Oxides  are,  for  the 
most  part,  much  less  fusible  than  the  uncombined  metals.  Osmium 
tetroxide,  and  the  tetroxides  of  arsenic  and  antimony,  are  readily 
volatile. 

A  greater  or  lesser  degree  of  heat  effects  the  decomposition  of 
many  metallic  oxides.  Those  of  gold,  platinum,  silver,  and  mer- 
cury are  reduced  to  the  metallic  or  reguline  state  by  an  incipient 
red  heat.  At  a  somewhat  higher  temperature,  the  higher  oxides 
of  barium,  cobalt,  nickel,  and  lead  are  reduced  to  the  state  of 
monoxides;  while  the  trimetallic  tetroxides  of  manganese  and  iron, 
Mn304  and  Fe304,  are  produced  by  exposing  manganese  dioxide' 
Mn02,  and  iron  sesqmoxide,  Fefi3,  respectively  to  a  still  stronger 
heat.  By  gentle  ignition,  arsenic  pentoxide  is  reduced  to  the  state 
ot  trioxide,  and  chromium  trioxide  to  sesquioxide. 

The  superior  oxides  of  the  metals  are  easily  reduced  to  a  lower 
state  of  oxidation  by  treatment  with  a  cm-rent  of  hydrogen  gas  at 
a  more  or  less  elevated  temperature.  At  a  higher  degree  of  heat 
hydrogen  gas  will  transform  to  the  reguline  state  all  metallic 
oxides  except  the  sesquioxides  of  aluminium  and  chromium,  and 
tiie  monoxides  of  manganese,  magnesium,  barium,  strontium,  cal- 
cium, lithium,  sodium,  and  potassium.  The  temperature  neces- 
sary to  enable  hydrogen  to  effect  the  decomposition  of  some  oxides 
is  comparatively  low.  Thus  metallic  iron  may  be  reduced  from 
its  oxides  by  hydrogen  gas  at  a  heat  considerably  below  redness 
so  as  to  form  an  iron  pyrophorus.  Carbon,  at  a  red  or  white  heat, 
is  a  still  more  powerful  deoxidating  agent  than  hydrogen,  and 
seems  to  be  capable  of  completely  reducing  aU  metallic  oxides 
whatsoever.     The  oxidisable  metals  in  general  act  as  reducing 

JMorme  decomposes  all  metallic  oxides,  except  those  of  the 
ST et^;  converting  them  into  chlorides,  and  expelling  the 
vvv-n  With  silver  oxide  this  reaction  takes  place  at  ordinary 
l,  Trt  /rT;  Wlt]}.^  alkalis  and  alkaline  earths,  at  a  full  red 
ox',  ,'.  .  A ;lf'  hlgh  ^mperatirres,  can  decompose  most  metallic 
oaaes    With  many  oxides-those  of  silver,  mercury,  lead,  and 

SLl "wS^W  ^Wdes  md  ^P^i/koxide  are 
MnlS  f  Wlous  oxides,  the  products  are 

'  i  l'    i  l  md  sulpiride.    There  are  some  oxides  upon 

11  ^sulphu,.  exerts  no  action.  Of  these  the  principal  are  mag- 
s«d  ,'  ;,;  ?l,r,",ll,;'  stanniu>        titanic  oxides.    By  boiling 

s  ''  8ol?ble  hydMtes,  mixtures  of  polysulphide  and  thio- 

^ftteare  produced.   Will,  bhe  exception of  magnesia,  alumina, 
^"c™ic  oxide,  most  metallic  oxides  can  absorb  sulphuretted 
parogen,  to  form  metallic  sulphide  or  sulphydrate  and  water. 
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Oxygen-salts,  or  Oxysalts.-It  has  been  already  ex- 
plained in  the  chapter  on  Oxygen  (p.  115)  that  oxides  may  be 
Eed  into  three  classes,  acid,  neutral,  and  b<mc;  the  first  and 
SSeSs  capable  of  nrd&g  with  one  another  m  definite  prop 
tions  and  forming  compounds  called  salts.     1  be  most  caarac 
of  the  acid  oxides  are  those  of  certain  metalloids,  as  mtro- 
ITX^^  V^o^,  which  unite  readily  with  water 
?r  the  elements  of  water,  forming  compounds,  called  oxygen- 
acids  Enguished  by  sour  taste,  solubility  in  water  and  the 
Power  of  reddening  certain  vegetable  blue  colours    The  most 
Eacteristic  of  the  basic  oxides,  on  the  other  hand  are  those 
of  the  alkali  metals  and  alkaline  earth-metals  (p.  29i),  which 
bkewle  dissolve  in  water,  but  form  alkaline  solutions,  possessing 
^an^nunent  degree  the  power  of  neutralising  acids,  and  forming 
XwXSein.    The  same  power  is  exhibited  more  or  less  by 
the  >m£ oxides  of  most  other  metals,  as  zinc,  iron,  copper,  man- 
cfneTe  &c  and  by  the  sesquioxides  of  aluminium  iron,  ctooimuni, 
S  othtrs'    The  higher  oxides  of  several  of  these  inetels-the 
Soxic  e  o  chromiuint  for  example-exhibit  acid  characters  bemg 
capaU  of  forming  salts  with  the  more  basic  oxides;  and  some 
Sals!  as  arsenic^  antimony,  niobium,  and  tantalum,  form  only 

"tntm?' cases  salts  are  formed  by  the  direct  Ration of  an 
acid  and  a  basic  oxide.  Thus,  when  7**™*.^™^ 
SOs,  is  passed  over  red-hot  barium  oxide  BaO,  the  two  comtnne 
together  and  form  barium  sulphate,  BaO.S03  or  BaSO  Sihc  c 
oxide  Si09,  phosphoric  oxide,  P205,  arsenic  oxide  As2Os,  boric 
oxide  B  O  ind  other  acid  oxides  capable  of  withs tending  a  high 
e^erafe  without  decomposing  or  volatilising,  kkewise  unite 
with  basic  oxides  when  heated  with  them  and  form  salts. 

But  in  the  majority  of  cases  metallic  salts  are  «^p^£**H 
tution  or  interchange  of  a  metal  for  hydrogen,  or  of  one  mete  for 
another.  It  is  deal,  indeed,  that  any  metallic  salt  (zinc-sulphate 
ZnO  Sa,  for  example)  may  be  derived  from  the  correspond  g 
add  or  nydrogen-salt  (H2O.S03)  by  substitution  of  a-telforai 
equivalent  quantity  of  hydrogen.  Accordingly,  metallic  salt,  are 
frequently  produced  by  the  action  of  an  acid  on  a  metal  oi  a 


(1.) 

H2SOt 

Hydrogen 
sulphate. 

+ 

Z11" 

Zn"S04 

Zinc 
sulphate 

+ 

H2. 

(2.) 

2HN03 
Hydrogen 
nitrute. 

+ 

Ag20  = 

Silver 
oxide. 

2AgN03 

Silver 
nitrate. 

+ 

H20. 

Water. 

(3-) 

HNO3 

Hydrogen 
nitrate. 

+ 

KHO  = 

Potassium 
hydrate. 

KNO3 
Potassium 
nitrate. 

+ 

H20. 

Water. 
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In  the  instances  represented  by  these  equations,  the  metallic  salts 
formed  are  soluble  m  water.    Insoluble  salts  are  frequently  i  e 
I|ai^U,y  interchange  of  the  metals  between  two  soluble  salted 

(4)    Ba"(N03)2    +     Na2S04    =     Ba"S04     +  2NaNO 

Barinm  Sodium  Barium  c  r  3' 

In  this  case  the  barium  sulphate,  being  insoluble  is  ™pri™Wprl 
while  the  sodium  nitrate  remains  in  solution  '  preciPltated> 
In  all  these  reactions,  hydrochloric  acid  or  a  metallic  chlorirle 
nnght  be  substituted  for  the  oxygen-acid  or  oxygen  "a  wTtho 
the  slightest  alteration  in  the  mode  of  action,  the  product  formed 
m  each  case  being  a  chloride  instead  of  aVtrafe  or  sul" 

(2)    2HC1       +     Ao-,0       =      2AoO]  w2n 
(4)      AgX03  +     NaCl  AgCl        %  ^0, 

From  all  these  considerations  it  appears  that  oxygen-salts  mav 
be  regarded,  either  as  compounds  of  acid  oxides  vntZZ  o^S 
or  as  analogous  in  composition  to  chlorides -that  Tf  ?^  !' 
pounds  of  a  metal  with  a  radical  or  g  !  of  elem  nts  uch 
f  NO,  (mtnone)  in  the  nitrates,  S04  (sufMoZ)  in  tSph£ 
Oischarging  functions  similar  to  those  of  chlorine  ll  n£ „  1 1  ?  ' 
ge«h.«  element,  of  pacing  mcha„gedV„STe%X.S  S 

seleniophosphate,  2K  S  P  Se   &c  '  ^a^P2S6  5  l",las- 

&c      ,   '      "< 1  < ■'»<  "'  radical  Is  an  elementary  body,  CI.  Br 
4  '  S      ''    S6?^6?-1*  ia  a  c Pound,  as  §0,,  N<>.„  PO, 
lh,s  waa  caUed  iU"  '"""'7/  '/'-'7/  "/-//.,,■  it  w;  ,  supported 
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by  many  ingenious  arguments  by  its  proposer  and  several  contem- 
porary chemists;  in  later  years  also  by  Liebig,  and  by  Darnell 
and  Miller,  who  observed  that  tbe  mode  of  decomposition  oi  salts 
by  the  electric  current  is  more  easily  represented  by  this  theory 
than  by  the  older  one  (p.  265).  . 

At  the  present  day,  the  relative  merits  of  these  two  theories  are 
not  regarded  as  a  point  of  very  great  importance.  Chemists,  in 
fact  no  longer  attempt  to  construct  formulae  which  shall  represent 
the  actual  arrangement  of  atoms  in  a  compound  the  formulae  now 
in  use  being  rather  intended  to  exhibit,  first,  the  balance  or 
neutralisation  of  the  units  of  equivalency  or  atomicity  of  the  .several 
elements  contained  in  a  compound  (p.  243);  and,  secondly,  the 
manner  in  which  any  compound  or  group  of  atoms  splits  up  into 
subordinate  groups  under  the  influence  of  different  reagents. 
According  to  the  latter  view,  a  compound  containing  three  or 
more  elementary  atoms  may  be  represented  by  diflerent  formulae 
corresponding  to  the  several  ways  in  which  it  decomposes.  Thus 
hydrogen  sulphate  or  sulphuric  acid,  H2S04,  may  be  represented 
by  either  of  the  following  formulae  :— 

(1 )  H  S04  which  represents  the  separation  of  hydrogen  and 
formation  of  a  metallic  sulphate,  by  the  action  of  zinc  &c.;  this 
is  the  formula  corresponding  to  the  binary  theory  of  salts. 

(9  )  SO  H,0  This  formida  represents  the  formation  of  the 
acid  by  direct  hydration  of  sulphuric  oxide;  the  separation  oi 
water  and  formation  of  a  metallic  sulphate  by  the  action  of  mag- 
nesia and  other  anhydrous  oxides ;  and  the  separation  of  sulphuric 
oxide  and  formation  of  phosphoric  acid  by  the  action  of  phosphoric 
oxide : — 

S03.H20  +  MgO  =  S03.MgO  +  HoO 
S033.H20    +    P205    =    P206.H20   +  S03. 

(3.)  S02.02H2,  or  S0,(0H)9.  This  formula  represents  such 
reactions  as  the  elimination  of  hydrogen  dioxide  by  the  action  ol 
barium  dioxide,  Ba02.  . 

(4.)  SH2.04.  This  formula  represents  the  formation  ol  sulphur  is 
acid  by  direct  oxidation  of  hydrogen  sulphide,  SH2,  and  the  elimi- 
nation of  the  latter  by  the  action  of  ferrous  sulphate  :— 

SH2.04    +    FeS    =    FeS04    +  SH,. 

Formulae  of  the  third  of  these  types,  like  S02(OH)2,  which 
represent  oxygen-acids  as  compounds  of  hydroxy}  ^Z™1 
radicals,  as  SO./  (sulphury!),  CO"  (carbonyl)  PO* '  fehj 
rahonvD,  &c,  correspond  to  a  great  variety  ol  reactions,  ana  an. 
of  very  frequent  use.  They  exhil.it  in  particular  the  re  at  ion  oi 
the  oxygen-acids  (hydroxylates)  to  the  corresponding  chlorides, 
e.  g. :- 
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(S02)"(OH)2  (S0),CI 

Sulphuric  acid.  c.,1.1     .  . 

r  Sulphuric  chloride. 

(Poy(oH)3  (POrci 

Phosphoric  acid.  Phosphoric  chloride. 

Basicity  of  Acids.    Normal,  Acid  and  Double  Salts.— Adda  are 
monobasic,  bibasic  tribasic,  &c,  according  as  they  contain  one  or 
more  atoms  of  hycWen  replaceable  by  metals /thTSic  acid 
HN03,  and  hydrochloric  acid,  HC1,  are  monobasic ;  sulphuric  add 
Mnif    baS-V  PhosPhOTic  acid-  H3P04,  is  tribasic.1  ' 
Monobasic  acids  form  but  one  class  of  salts  by  substitution  the 

cmes  01  tne  acid,  according  to  its  equivalent  value  or  atomicitv  • 
thus  the  action  of  hydrochloric  acid  on  sodium rinc  anX™"' 
mum  is  represented  by  the  equations :  '       '  ah™1~ 

HC1  +  Na    =  NaCl    +  H 
2HC1  +  Zn"    =  Zn"CL  I 
3HC1  +  AT   =  Arcf3  + 

eqiSons°f  nitl'iC  ^  °n  ^  hydrateS  °f  the  sa™  ^tals  by  the 


+  Na(H°)     =  NaNO,      +  HfHO} 
2HN03  +  Ba"(H0)9  =  Ba'YNO  )    I  sXn 
3HNO,  +  Alisdi  =  ^Pi23  $  32gp. 

Stains  onl&^  * 

From  H2S04  is  derived  KHSO .       j  hydro-potassic  or  acid  potas- 

|     sium  sulphate, 
K2S04        *  bipotasaic  or  normal  potas- 
■r  »cn        '     suun  slllPllate, 

»       »  KAl4ln42   sof0-^P?tassic  sulphate, 

4      "       A1  2^4)3    normal  aluminium  sulphate. 

 omSS i£S  f0mi  ,W°  d™  ot'  acid  salts, 

thg  oiv f^  «^c,  according  as  one-third  or  two-thirds  of 

"">''•  metals  Tn°L5e^y-0ge.n  is  u',l,,llv  replied  by  one  or 
greater        '      I^Iwm  acids  the  variety  is  of  course  still 

«  «se  of  the  laminations  ou«  and  ic,  as  applied  to  salts,  has 
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aWy  ^explained    We  have  only  fu*her  toob™ 

place  that  when  a  metal  forms ibut  one  cms  ,  ^ 

most  part  better  to  designate  t  hose  saU, b?  Uie  ^ 

itself  than  by  an  adjective  endmg  m^ t  ^ 

and  ted  are g*g  salts/and  m  many  casea 

'basic  oxides,  including  water,  e.gf.: 

Hydro-potassic  sulphate      jHlgSOg     =  HjO LE  0  2SO 
Sodio-tripotassic  sulphate    SNaO&OA      gag       .  , 
Potassio-aluminic  sulphate,  2KA1  (bU4).2  -  £2^2 3  3 
Hydrodisodic  phosphate,     2HNa2(P01)    =  H2U .  2JN  a2u .  r2u0 

cule  is  equal  to  the  number  of  oxygen-atoms  in  the  base  ,  mm 

Normal  potassium  sulphate,  K2SO        =  ^q'sS 
„      barium  sulphate,       Ba  SO,      -  B aU  ^3 

stannic  sulphate,  bn Jp^hh       ^    2  ^ 
"      aluminium  sulphate,  AT'^SO^  =  A1203. 3bU3 . 

ess  Cllx^r^S?  «A  -* 

valent  quantity  of  the  acid  radical ;  thus : 
Tribasic  lead  nitrate,    3Pb"O.N205  = 

Quadribasic  almni-  1  4AI'"  03. 3S03  =  3Ar"203Ar"V  (S04)"s 
nium  sulphate,      J  =  Ar"s(S04)"30"9 . 

The  last  mode  of  formulation  "^^r^&tStt 
oxvsalts  to  the  oxychlorides,  oxyiodides,  &c,  thus  tne  oasi 
Sate  Pb,(NOA,0.„  just  mentioned,  is  analogous  to  the  oxv 
S>ride  ofthat3  metaf,  Pb3Cl202,  which  occurs  natxve  as  mendi 

P^he  terms  basic  and  acid  are  """^^^iS 
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v !H™  f  artPhs'  such  as  P°tassilun  sulphate,  K„S04,  barium  nitrate 
ha  (JN03)2,  &c,  are  perfectly  neutral  to  vegetable  colours  but 
most  other  normal  salts  exhibit  either  an  acid  or  an  alkaline  reac- 
tion; thus  ferrous  sulphate,  cupric  sulphate,  silver  nitrate,  and 
many  others,  redden  litmus,  while  the  normal  carbonates  and 
phosphates  of  the  alkali-metals  exhibit  a  decided  alkaline  reaction. 
It  is  clear,  then,  that  the  action  of  a  salt  on  vegetable  colours  bears 
no  definite  relation  to  its  composition :  hence  the  term  normal  as 
applied  to  salts  m  which  the  basic  hydrogen  of  the  acid  is  wholly 
replaced,  is  preferable  to  neutral,  and  the  terms  basic  and  acid,  as 
applied  to  salts,  are  best  used  in  the  manner  above  explained  with 
reference  to  their  composition. 

When  a  normal  salt  containing  a  monoxide  passes  by  oxidation 
to  a  salt  containing  a  sesquioxide,  dioxide,  or  trioxide,  the  quantity 
of  acid  present  is  no  longer  sufficient  to  saturate  the  base  Thus 
when  a  solution  of  ferrous  sulphate,  FeS04,  or  FeO.SO,  (common 
given  vitriol),  is  exposed  to  the  air,  it  absorbs  oxygen,  and  an 
insoluble  ferric  salt  is  produced  containing  an  excess  of  base,  while 
normal  terric  sulphate  remains  in  solution : 


4(FeO.S03)  + 
Ferrous  sulphate. 


02    =    Fe203.3S03    +  Fe90,.S0 


Normal  ferric 
sulphate. 


Basic  ferric 
sulphate. 


These  basic  salts  are  very  often  insoluble  in  water 
baits  containing  a  proportion  of  acid  oxide  larger  than  is  suffi- 
cient to  form  a  neutral  compound,  are  called  anhydro-salts 
sometimes  though  improperly,  acid  salts);  they  may  evidently 
be  regarded  as  compounds  of  a  normal  salt  with  excess  of  acid 


Sodium  anhydrosulphate 
(bisulphate  of  soda), 


Na20.(S03)2  =  Na2(S04).S03 


Potassium  anhydrochromate     T.  „       _  . 

(bichromate  of  potash),     ]  K20-(<^03)2  =  K^CrCg.CrO.,. 

The  following  is  a  list  of  the  ruosl  important  inorganic  acids 
arranged  according  to  their  basicity:— 


Hydrochloric, 

Hydrobromic, 

gydriodic,  . 

Hydrofluoric, 

Nitrous, 

Nitric, 

Hyposulphurous,  . 
Hypophosphorous, 
Metaphosphoric, 


Monobasic  Acids, 
llfi 
HBr 
HI 


HF 

HNO„ 

HNOo 

H.SHO, 

H(PHaOs) 

HI'":, 


Boric, 
Antimonic, 
ffypochlorous, 
Chlorous,  . 
Chloric, 
Percliloric, 
Broniic, 
Iodic, 

l'<  i  iodic,  . 


HB02 
ESbOj, 

acio 

HClOj 

HC103 

BCI.O4 

HBr08 

BIO. 

1 1  Ki, 
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Bibasic  Acids. 


Hydric  (water), 

Sulphydric, 

Selenhydric, 

Tellurhydrijc, 

Sulphurous, 

Sulphuric,  . 

Thiosulphuric, 

Dithionic,  . 

Trithionic, 

Tetrathionic, 

Pentathionic, 


Orthophosphoric, 


11,0 

H2S 

H.2Se 

H„Te 

H2S03 

H2S04 

H2S203 

H2S206 

H2S306 

H2S406 

H2S506 


Selenious, 

Selenic, 

Tellurous, 

Telluric, 

Manganic, 

Permanganic, 

Chromic, 

Stannic, 

Metasilicic,  . 

Carhonic, 

Phosphorous, 


Tribasic  Acids. 


Arsenic, 


H3P04 


H.,Se03 

H^Se04 

H„Te03 

H:2Te04 

H,Mn04 

H:2Mn2Os 

H.2Cr04 

H^SnG3 

H.;Si03 

h:co., 

H.;(PH03) 


H3As04 


Tetrabasic  Acids. 

Pyrophosphoric,    .       .   H4P207  |  Orthosilicic,  .  .  H4Si04 

The  general  characters  of  most  of  the  non-metallic  acids  and 
their  salts  have  been  already  considered;  but  the  phosphates 
require  further  notice. 

Phosphates.— There  are  three  modifications  of  phosphoric  acid : 
one  being  monobasic,  the  second  tribasic,  and  the  third  tetra- 
basic, as  indicated  in  the  preceding  table. 

Hydrogen  phosphide,  PH3,  burnt  in  air  or  oxygen  gas,  takes  up 
four  atoms  of  oxygen,  anct  forms  trihydnc  Phosphate  or 
tribasic  phosphoric' acid,  PH304.  The  same  add  is  produced 
by  the  oxidation  of  hypophosphorous  or  phosphorous  acid,  bj 
oxidising  phosphorus  with  nitric  acid  (p.  224) ;  by  the  decomposi- 
tion of  native  calcium  phosphate  (apatite)  and  other  native  phos- 
phates ;  and  by  the  action  of  boiling  water  on  phosphorus  pentoxide 
P,0R.  This  acid  forms  three  distinct  classes  of  metallic  salts. 
With  sodimu,  for  example,  it  forms  the  three  salts  NaH?PU4, 
Na,HPO„  and  Na3P04,  the  first  two  of  which,  still  contammg 
replaceable  hydrogen,  are  acid  salts,  while  the  third,  is  the  normal 

01  iTnow  the  monosodic  phosphate,  NaH2P04,  be  heated  to  redness, 
it  aives  off  one  molecule  of  water,  and  leaves  an  anhydrous  mono- 
sodic phosphate,  NaP03,  the  aqueous  solution  of  which,  when 
treated  with  lead  nitrate,  yields  a  lead-salt  of  corresponding  com- 
position; thus: — 

2NaP03  +  Pb"(N03)2  =  Pb"(P03)2  +  2NaN03; 
and  this  lead-salt  decomposed  by  sulphydric  acid,  yields  a jnonoj 
'  v  lric  acid  having  the  composition  HPO„  possessing  properties 
u  e  d iSct  Irom  those  of  the  trihydric  acid  above  mentioned . 
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Pb"(P03)2  +  H2S  =  2HP03  +  Pb"S. 

The  trihydric  acid  which  is  produced  by  the  oxidation  of 
phosphorus,  and  by  the  decomposition  of  the  ordinary  native 
phosphates,  is  called  orthophosphoric  acid  or  ordinary 
phosphoric  acid;  the  monohydric  acid  is  called  me  tap  ho  s- 
phonc  acid.  The  former  may  be  regarded  as  a  trihydrate,  the 
latter  as  a  inonohydrate  of  phosphoric  oxide : — 

2H3P04    =    P2Os.3H20,  orthophosphoric  acid, 
2HP03     =    P2°5-H20,  metaphosphoric  acid. 

Both  are  soluble  in  water,  and  the  former  may  be  produced  by  the 
action  of  boiling  water,  the  latter  by  that  of  cold  water  on  phos- 
phoric oxide.  They  are  easily  distinguished  from  one  another  by 
their  reactions  with  albumin  and  with  silver  nitrate.  Metaphos- 
phoric acid  coagulates  albumin,  and  gives  a  white  precipitate  with 
silver  nitrate ;  whereas  orthophosphoric  acid  does  not  coagulate 
albumin  and  gives  no  precipitate,  or  a  very  slight  one,  with  silver 
nitrate,  till  it  is  neutralised  with  an  alkali,  in  which  case  a  yellow 
precipitate  is  formed. 

Metaphosphoric  acid  and  its  salts  differ  from  orthophosphoric 
acid  and  the  orthophosphates  by  the  want  of  one  or  two  atoms  of 
water  or  base ;  thus : — 

Metaphosphates.  Orthophosphates. 

HPO3       =    HsP04        -  H00 


NaP03      =  NaH2P04     -  HO 

Ba"(P03)2  =  Ba"H4(P04)2-  2H  0 

AgP03      =  Ag3P04      2-  Ag„0 

Pb"(P03)2=  Pb"3(POA2   -  2Pb*0. 

Accordingly  we  find  that  metaphosphates  and  orthophosphates 
are  convertible  one  into  the  other  by  the  loss  or  gain  of  one  or 
two  molecules  of  water  or  metallic  base ;  thus 

A  solution  of  metaphosphoric  acid  is  converted,  slowly  at 
Wtoaty  temperatures  quickly  at  the  boiling  heat,  into  ortho- 
WJonc  acid,  and  the  metaphosphates  of  sodium  and  barium 

metn  n  li  T  l,01,,ing  with  water  int0  fche  corresponding  mono- 
metallic orthophosphates  (seethe  first  three  equations  afiove).- 
■  1  metaphosphate  ofa  heavy  metal,  silver  or  lead,  Tor  exam- 
I  ,  ^  converted  by  boiling  with  water  into  a  trimetallic  phosphate 
dna  "iUiojiliosphonc  acid  :— 

3AgP03  +  3H20  =  Ag;jP04  +  2H8P04 . 

^  When  any  metaphosphate  is  fused  with  an  oxide,  hydrate,  or 
^Donate,  it  becomes  a  fcri  tallic  orthophosphate,  e.g. : 

NaPO„  +  NftjOOj  =  Na.PO,  +  C02. 
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On  the  other  hand  (3),  when  orthophosphoric  acid  is  heated  to 
redness,  it  loses  water  and  becomes  metaphosphoric  acid;  and 
when  a  monometallic  orthophosphate  is  heated  to  redness,  it  also 
loses  water  and  is  transformed  into  a  metaphosphate 

Intermediate  between  orthophosphates  and  metaphosphates 
there  are  at  least  three  distinct  classes  of  salts,  the  most  important 
of  which  are  the  pyrophosphates  or  paraphosphates  which 
may  he  derived  from  the  tetrahydric  or  quadrihasic  acid,  H4P2U7, 
the  normal  sodium  salt,  for  example,  being  Na4P207,  the  normal 
lead  salt,  Pb"2P207,  &c.  These  salts  may  be  viewed  as  compounds 
of  orthophosphate  and  metaphosphate,  e.g. : 

Na4P207  =  Na3P04  +  NaP03 . 

Sodium  pyrophosphate  is  produced  by  heating  disodic  ortho- 
phosphate to  redness,  a  molecide  of  water  being  then  given  oft : 

2Na2HP04  =  H20  +  Na4P207. 

The  aqueous  solution  of  this  salt  yields  insoluble  pyrophosphates 
with  lead  and  silver  salts ;  thus  with  lead  nitrate : 

Na4P207  +  2Pb"(N03)2  =  4NaN03  +  Pb"2P207  ; 

and  lead  pyrophosphate  decomposed  by  hydrogen  sulphide  yields 
hydrogen  pyrophosphate  or  pyrophosphoric  acid : 

Pb"2P207  +  2H2S  =  2Pb"S  +  H4P207. 

Pyrophosphoric  acid  is  distinguished  from  metaphosphoric  acid  by 
not  coagulating  albumin  and  not  precipitating  neutral  solutions  ol 
barium  or  silver  salts,  and  from  orthophosphoric  acid  by  producing 
a  white  instead  of  a  yellow  precipitate  with  silver  nitrate. 

Pyrophosphates  are  easily  converted  into  metaphosphates  ana 
orthophosphates,  and  vice  versd,  by  addition  or  abstraction  ol 
water  or  a  metallic  base.  .     ,  . 

«,  The  production  of  a  pyrophosphate  from  an  orthophospuate 
by  loss  of  water  has  been  already  mentioned.— /3.  Conversely  when 
a  pyrophosphate  is  heated  with  water  or  a  base,  it  becomes  an 
orthophosphate,  e.g. : 

Na4P,07  +    H,0      =  2Na2HP04 
Na*pJo;  +  2NaHO  =  2Na3P04  +  H20 . 

In  like  manner  orthophosphoric  acid  heated  to  215°  is  almost 
entirely  converted  into  pyrophosphoric  acid:  2H3P04  ±1?",.i 
H.P07;  and  conversely,  when  pyrophosphoric  acid  is  boiled whoj 
water  it  is  transformed  into  orthophosphoric  acid.  £ 
v  Pyrophosphoric  acid  heated  to  dull  redness  is  converted  into 
metopSpW  acid:  E4P207  -  H20  =  2HP03.  The  converse 
n  iS  on  i   not  easily  effected,  inasmuch  as  metaphosphoric  acid 
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by  absorbing  water  generally  passes  directly  to  the  state  of  ortho- 
phosphoric  acid.  Peligot,  however,  observed  the  formation  of 
pyrophosphoric  from  metaphosphoric  acid  by  very  slow  absorption 
of  water. — S.  When  a  metallic  metaphosphate  is  treated  with  a 
proper  proportion  of  a  hydrate,  oxide,  or  carbonate,  it  is  converted 
into  a  pyrophosphate ;  thus  : 

2NaP03    +    Na2C03    =    Na4P207    +  C02. 
Metaphosphate.         Carbonate.        Pyrophosphate,    Carbon  dioxide. 

Fleitmann  and  Henneberg  by  fusing  together  a  molecule  of 
sodium  pyrophosphate,  Na3P04.NaP03,  with  two  molecules  of 
metaphosphate,  NaP03,  obtained  a  salt  having  the  composition, 
Na3P04.3NaP03  =  Na6P4013,  which  is  soluble  without  decom- 
position in  a  small  quantity  of  hot  water,  and  crystallises  from  its 
solution  by  evaporation  over  oil  of  vitriol.  An  excess  of  hot 
water  decomposes  it,  but  its  cold  aqueous  solution  is  moderately 
permanent.  Insoluble  phosphates  of  similar  composition  may  be 
obtained  from  the  sodium-salt  by  double  decomposition.  Fleit- 
mann and  Henneberg  obtained  another  crystallisable  but  very 
insoluble  salt,  having  the  composition,  Na3P04.9NaP03  = 
.NaI2P10O31,  by  fusing  together  one  molecule  of  sodium  pyrophos- 
phate with  eight  molecules  of  the  metaphosphate ;  and  insoluble 
phosphates  of  similar  constitution  were  obtained  from  it  by  double 
decomposition. 

The  comparative  composition  of  these  different  phosphates  is 
best  shown  by  representing  them  as  compounds  of  phosphoric 
oxide  with  metallic  oxide,  and  assigning  to  them  all  the  quantity 
ol  base  contained  in  the  most  complex  member  of  the  series;  thus — 

Orthophosphate,  6Na20.2P206  =  4Na,P04 

Pyrophosphate  .       .  6Na20.3P205  =  3Na4P207 

fleitmann  and  Henneberg's  phosphate  («),  6Na20.4P20B  =  2Na6P4013 
«  .",     ,  »       (&),  6Na20.5P20B  =  Na^P^O.;, 

Metaphosphate,      .....  6Na20.6P206  =  12NaP03 

Metallic  Sulphides.— These  compounds  correspond,  for  the 
"!".,'  Par*>  to  fche  oxides  in  composition:  thus  there  are  two  sul- 
pmo.es  of  arsenic,  As2S3  and  As„S6,  corresponding  to  the  oxides, 
as2U3  and  As205;  also  two  sulphides  of  mercury,  Hr.,K  and  EgS, 
analogous  to  the  oxides,  Sg„0  and  HgO.  Occasionally,  liowever, 
we  meet  with  oxides  to  which  there  are  no  corresponding  sulphides 

man ,,„.,,.  dioxide,  lor  example),  mid  more  frequently  sulphides 
,r  1  ""■''•are  no  corresponding  oxides,  the  most  remarkable 
,"  "V1'  fe  Perhaps  the  alkaline  polysulphides.  Potassium,  lor 
sample,  forms  the  series  of  sulphides,  K..S,  K2S2,  K..S.„  K2S4, 

"  ,VA-.,  third  and  lifth  ol  which  have  no  analogues  in  the 
oxygen  senes.  6 

"".'lv  are  also  sulphydrates  analogous  to  the  hydrates,  and 
the  elements  of  a  metallic  sulphide  and  hydrogen 
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sulphide,  or  sulphydric  acid:  eg  potasdum  ^f^f 
K.,S.1I.,S  =  2KHS;  lead  sulphydrate  Pb  S.H2S  -  ™.*£%t 
Svfp^drates  and  sulphides  may  he  derived  from  sulphydric  acid 
l,y  partial  or  total  replacement  of  the  hydrogen  by  metals,  just 
as  metallic  hydrates  and  oxides  are  derived  from  water. 

Many  metallic  sulphides  occur  as  natural  minerals,  especially 
the  sulphides  of  lead  copper,  and  mercury,  which  afford  valuable 
ores  for1  the  extraction  of  the  metals,  and  iron  bisulphide  or  iron 
pyrites,  FeS2,  which  is  largely  used  as  a  source  of  sulphur,  and 
for  the  preparation  of  ferrous  sulphate.  iw. 

Sulphides  are  formed  artificially  by  heating  metals  wit*  sulphur 
by  the  action  of  metals  on  gaseous  hydrogen  sulphide by  he 
reduction  of  sulphates  with  hydrogen  or  charcoal ;  gating 
metallic  oxides  in  contact  with  gaseous  hydrogen  sulphide,  or 
vapour  of  carbon  bisulphide;  and  by  precipitation 
solutions  with  hydrogen  sulphide  or  a  sulphide  of  alkali- metal. 
Some  metals,  as  copper,  lead,  silver  bismuth,  mercury and  cad- 
mium, are  precipitated  from  their  acid  solutions  by  hydrogen  sul- 
phide passed  into  them  as  gas,  or  added  in  aqueous  solution  the 
sulphides  of  these  metals  being  insoluble  in  dilute  acids,  others, 
as   ron,  cobalt,  nickel,  manganese,  zinc,  and  uranium,  f orm  suJ> 
phides  which  are  soluble  in  acids,  and  these  are  precipitated 
aydrogen  sulphide  only  from  alkaline  solutions,  or  by  ™01^ 
or  potassium  sulphide  from  neutral  solutions.    Many  of  these 
sulphides  exhibit  characteristic  colours,  which  serve  as  incl  cations 
of  the  presence  of  the  respective  metals  m  solution  (p.  207). 

Metallic  sulphides  are  also  formed  by  the  reduction  oi  sulphates 
with  organic  substances;  many  native  sulphides  have  doubtless 
been  formed  in  this  way.  ...  i„„„i,r 

The  physical  characters  of  some  metallic  sulphides  closelj 
resemble  those  of  the  metals  hi  certain  particulars,  such  as  the 
peculiar  opacity,  lustre,  and  density,  especially  when  they  are  m 
I  crystalline  condition.  They  are  generally  crystalhsable,  b i  tie, 
and  of  a  grey,  pale  yellow,  or  dark  brown  colour.  The  sulphides 
•of  the  allah-metals  are  soluble  in  water ;  most  of  the  others  aie 
insoluble.  They  are  more  frequently  fusible  than  the  correspond^ 
in,r  oxides,  and  some  are  volatilisable,  as  mercury  sulphide  and 

sulphides,  when  heated  out  of  contact  with  atmospheric 
air  do  not  undergo  any  decomposition;  this  is  the  case  chielh 
Wit.h  those  conlain'ing  the  smallest  proportions  ol  sulphur,  such  as 
the  uionosul phides  of  iron  and  /inc.  Sulphides  containing  argu 
proportions  of  sulphur  are  partially  decomposed  by  heat  losing 
0f  their  sulphur,  and  being  converted  into  lower  sulphides i, 
!,s  in  the.  case  of  iron  bisulphide.    The  sulphides  of  gold  and 


nlfttinum  are  completely  reduced  by  heat.  1 
1  ,  simultaneous  action  of  heat  and  of  substances  capable  of 

comlimng  with  sulphur,  some  sulphides  may  be  decomposed. 
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Thus,  for  instance,  silver,  copper,  bismuth,  tin,  and  antimony 
sulphides  are  reduced  by  hydrogen;  copper,  lead,  mercury,  and 
antunony  sulphides  are  reduced  by  heating  with  iron. 

Sulphides  which  are  not  reduced  by  heat  alone,  are  always 
decomposed  when  heated  in  contact  with  oxygen  or  atmospheric 
air.    Those  of  the  alkali-metals  and  earth-metals  are  converted 
into  sulphates  by  this  means.    Zinc,  iron,  manganese,  copper,  lead 
and  bismuth  sulphides  are  converted  into  oxides,  and  sulphurous 
oxide  is  produced :  but  when  the  temperature  is  not  above  dull 
redness,  some  sulphate  is  formed  by  direct  oxidation.  Mercury 
and  silver  sulphides  are  completely  reduced  to  the  metallic  state 
borne  native  sulphides  gradually  undergo  alteration  by  mere 
exposure  to  the  air;  but  it  is  then  generally  limited  to  the  pro- 
auction  of  sulphates,  unless  the  oxidation  takes  place  so  rapidly 
that  the  heat  generated  is  sufficient  to  decompose  the  sulphate  first 
produced.    In  the  production  of  some  metals  for  use  in  the  arts 
the  separation  of  sulphur  from  the  native  minerals  is  effected  chiefly 
by  means  of  this  action  in  the  operation  of  roasting. 

Metallic  sulphides  are  decomposed  in  like  manner  when  heated 
with  metallic  oxides  in  suitable  proportions,  yielding  sulphurous 
oxide  and  the  metal  of  both  the  sulphide  and  oxide.  Lead  is 
reduced  from  the  native  sulphide  in  this  manner. 

Many  metallic  sulphides  are  decomposed  by  acids  in  the  pre- 
sence of  water,  sulphuretted  hydrogen  being  evolved  while  the 
metal  enters  into  combination  with  the  chlorous  radical  of  the 
acici.  Nitric  acid  when  concentrated  decomposes  most  sulphides 
with  formation  of  metallic  oxide,  sulphuric  acid,  sulphur  and  a 
lower  oxide  of  nitrogen.  Nitromuriatic  acid  acts  in  a  similar 
manner,  but  still  more  energetically. 

,,nl!LPH^R;uALTSr;The  8ulPhide8  <*  the  more  basylous  metals 
S  of  tl ththfe  °f  the  more  chlorous  or  electro-negative  metals, 

I  Si t6  If,eta]l0lds-  foTmg  sulP^-salts,  analogous  in  com- 
position to  the  oxygen-salts,  e.g.  : 

Carbonate,  K2C03  =  K2O.C02 

Sulphocarbonate,  K2CS3  =  K2S.CS2 

Arsenate,  2K3AsO„  =  SKjO.aVo, 

Sulpharsenate,    2K3AsS4  =  3K2S.As2S5. 

locfnn!einideS  and  Telluri^es.-These  compounds  are  ana- 
Xhlll  comP08ltlon>  and  in  many  of  their  properties,  to  the 
I,.  |  ,      '  a",''  Umt?  one  with  the  other,  forming  selenium -sal Is  and 
-''>"  ',„,  salts  analogous  to  the  oxygen  and  sulphur  sails. 

■  wiH  also  fonn  definite  compounds  with  nitrogen,  phosphorus, 
unim  .n'  and  carbon  ;  but  iUv*r  compounds  are  comparatively 
Sand It  1  exceptin8  the  carhonides  of  iron,  which  form  casi 
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CLASS  I.— MONAD  METALS. 
GROUP  I.  —METALS  OF  THE  ALKALIS. 


POTASSIUM. 

Atomic  weight,  391 ;  symbol,  K  (Kalium). 

Potassium  was  discovered  in  1807  by  Sir  H.  Davy,  who  otod 
it  in  very  small  quantity  by  exposing  a  piece  of  moistened  potas- 
sium hydrate  to  the  action  of  a  powerful  voltaic  battery,  the .alkah 
being  /laced  between  a  pair  of  platinum  plates  ^^^the 
apparatus.  Processes  have  since  been  devised  for  obtaining  this 
metal  in  almost  any  quantity  that  can  be  desired. 

An  intimate  mixture  of  potassium  carbonate  and  charcoal  is 
prepared  by  calcining,  in  a  covered  iron  pot,  the  crude tartar of 
commerce  /when  cold  it  is  rubbed  to  pow der,  mixe  rfu ne- 
tenth  part  of  charcoal  in  small  lumps  and  quickly  ^nsfeired  to 
a  retort  of  stout  hammered  iron :  the  latter  may  be  one  of  the  iro 
boSfin  which  mercury  is  imported.    The  retort  is  mtoduced 
into  a  furnace  a  (fig.  134),  and  placed  horizontally  on  support  ol 
foe-brick,  /,  /.    A  wrought-iron  tube  d,  four  inches  long  serves  to 
convey  the  vapours  of  potassium  into  a  receiver  ™ 
pieces  of  wrought  iron,  a,  b  (fig.  134),  which  are  fitted  dosdj  to 
each  other  so  m  to  form  a  shallow  box  only  a  quarter  of  an  inch 
deep,  and  are  kept  together  by  clamp-screws    The  »°*Plate 
should  be  one-sixth  of  an  inch  thick,  twelve  inches  long  and  five 
inches  wide.    The  receiver  is  open  at  both  ends,  the  socket^ fattmg 
upon  the  neck  of  the  iron  bottle.    The  object  of  giving  the  receiver 
this  flattened  form  is  to  ensure  the  rapid  cooling  of  the  potassium, 
and  thus  to  withdraw  it  from  the  action  of  the  carbon  monoxide, 
which  is  disengaged  during  the  entire  process,  and  has  a  strong 
tendency  to  unite  with  the  potassium,  forming  a  dangerously 
explosive  compound.    Before  connecting  the  receiver  with  tue 
tube  d,  the  fire  is  slowly  raised  till  the  iron  bottle  attains  a  duu 
red  heat.    Powdered  vitrefied  borax  is  then  sprinkled  upon  , 
which  melts  and  forms  a  coating,  serving  to  protect  the  tfonffon 
oxidation.    The  heat  is  then  to  be  urged  until  it  is  very  in  '  -  ; 
care  being  taken  to  raise  it  as  equally  as  possible  throughout 
part  of  the  furnace.    When  a  full  reddish-white  heat  is  attau  • 
Vapours  of  potassium  begin  to  appear  and  burn  with  a  bright ;MB» 
The  receiver  is  then  adjusted  to  the  end  of  the  tube  wind, 
iot  project  more  than  a  quarter  of  an  inch  through  the  iron 
foSUhe  front  wall  ofthe  furnace;  otherwise  the  tube  is  hable 
'  obstructed  by  the  accumulation  of  solid  potassium,  oi  of  the 
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explosive  compound  above  mentioned.  Should  any  obstruction 
occur,  it  must  be  removed  by  thrusting  in  an  iron  bar,  and  if  this 
fail,  the  fire  must  be  immediately  withdrawal  by  removing  the 
bars  from  the  furnace,  with  the  exception  of  two  which  support 
the  iron  bottle.  The  receiver  is  kept  cool  by  the  application  of  a 
wet  cloth  to  its  outside.  When  the  operation  is  complete,  the 
receiver  with  the  potassium  is  removed  and  immediately  plunged 
into  a  vessel  of  rectified  Persian  naphtha  provided  with  a  cover, 
and  kept  cool  by  immersion  in  water.  When  the  apparatus  is 
sufficiently  cooled,  the  potassium  is  detached  and  preserved  under 
naphtha. 


Fig.  134. 


If  the  potassium  be  wanted  absolutely  pure,  it  must  be  after- 
wards re-distilled  in  an  iron  retort,  into  which  some  naphtha  has 
been  put,  that  its  vapour  may  expel  the  air,  and  prevent  oxidation 
of  the  metal. 

Potassium  is  a  brilliant  white  metal,  with  a  high  degree  of 
ustre;  at  the  common  temperature  of  the  air  it  is  soft,  and  may 
w  easily  cut  with  a  knife,  but  at  0°  it  is  brittle  and  crystalline, 
it  melts  completely  at  62-5°,  and  distils  at  a  low  red  heat.  It 
noats  on  water,  its  specific  gravity  being  only  0-865. 

•^xpoaed  to  the  air,  potassium  oxidises  instantly,  a  tarnish  cover- 
n  '  the  surface  of  the  metal,  which  quickly  thickens  to  a  crust  of 
rustic  potash    Thrown  upon  water,  it  takes  fire  spontaneously, 
"  burns  with  a.  beautiful  purple  flame,  yielding  an  alkaline  solu- 
'  '■    When  it  is  brought  into  contact  with  a  little  water  in  a.  jar 
'  "  " '?  °Ver  ^ercury>  Ul«'  1'«l»'<l  ia  decomposed  with  great  energy, 
rati hydrogen  liberated.    Potassium  is  always  preserved  underthe 
surface  of  naphtha.  1 

0Jf°/™88.IUM  Chloride,  KCL— This  salt  is  obtained  in  large 
luwmty  in  the  manufacture  of  the  chlorate;  Ll  is  easily  purified 
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from  any  portions  of  the  latter  by  exposure  to  a  dull  red-beat. 
Within  the  last  few  years  large  quantities  of  thas  salt  have  been 
obtained  from  sea-water,  by  a  pecvdiar  process  suggested  by  M. 
Balard  *  It  is  also  contained  in  kelp,  and  is  separated  for  the  use 
of  the  alum-maker.  Considerable  quantities  of  it  are  now  obtained 
from  the  salt-beds  of  Stassfurt,  near  Magdeburg,  in  Prussia. 

Potassium  chloride  closely  resembles  common  salt  m  appearance, 
assuming,  like  that  substance,  the  cubic  form  of  crystallisation. 
The  crystals  dissolve  in  three  parts  of  cold,  and  in  a  much  smaller 
quantity  of  boiling  water:  they  are  anhydrous,  have  a  simple 
saline  taste,  with  slight  bitterness,  and  fuse  when  exposed  to  a  red- 
heat.   Potassium  chloride  is  volatilised  by  a  very  high  temperature. 

Potassium  Iodide,  KL— There  are  three  different  methods  of 
preparing  this  important  medicinal  compound. 

(1 )  When  iodine  is  added  to  a  strong  solution  of  caustic  potash 
free  from  carbonate,  it  is  dissolved  in  large  quantity,  forming  a 
colourless  solution  containing  potassium  iodide  and  mdate ;  the 
reaction  is  the  same  as  in  the  analogous  case  with  chlorine.  When 
the  solution  begins  to  be  permanently  coloured  by  the  iodine,  it 
is  evaporated  to  dryness,  and  cautiously  heated  to  redness  by 
which  the  iodate  is  entirely  converted  into  potassmni  iodide,  the 
mass  is  then  dissolved  in  water,  and,  after  filtration,  made  to 

CT7(t)  Iodine,  water,  and  iron-filings  or  scraps  of  zinc,  are  placed  in 
a  warm  situation  until  the  combination  is  complete,  and  the  solu- 
tion colourless.  The  resulting  iodide  of  iron  or  zinc  is  then  faltered, 
and  exactly  decomposed  with  solution  of  pure  potassium  carbonate, 
great  care  being  taken  to  avoid  excess  of  the  latter.  Potassium 
iodide  and  ferrous  carbonate,  or  zinc  carbonate,  are  thus  obtained . 
the  former  is  separated  by  filtration,  and  evaporated  until  the 
solution  is  sufficiently  concentrated  to  crystallise  on  cooling,  tne 
washings  of  the  filter  being  added  to  avoid  loss : 

Fel2  +  K2C03  =  2KI  +  FeC03. 

(3 )  A  very  simple  method  for  the  preparation  of  potassium 
iodide  has  recently  been  proposed  by  Liebig.  One  part  oi  amor- 
phous phosphorus  is  added  to  40  parts  of  warm  water ;  20  parts «  oi 
dry  ^dme  are  then  gradually  added  and  intimately  mixed  with  tne 
phosphorus  by  trituration.  The  dark-brown  liquid  thus  obtains 
is  now  heated  on  the  water-bath  until  it  becomes  colourless;  it  is 
then  poured  off  from  the  undissolved  phosphorus,  and  neutralised, 
first  with  barimn  carbonate  and  then  with  baryta  water,  until  » 
becomes  slightly  alkaline;  and  the  insoluble  barium  P^Jf?* 
filtered  off  and  washed.  The  filtrate  now  contains  nothing  am 
barium  iodide,  which,  when  treated  with  potassium  sulpnaw, 

*  Reports  by  the  Juries  of  the  International  Exhibition  of  1862,  Class  1 1 . 
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yields  insoluble  barium  sulphate  and  potassium  iodide  in  solution 
Lime  answers  nearly  as  well  as  baryta. 

Potassium  iodide  crystallises  in  cubes,  which  are  often,  from 
some  unexplained  cause,  milk-white  and  opaque  :  they  are  'anhy- 
drous, and  fuse  readily  when  heated.  The  salt  is  very  soluble  in 
water,  but  when  pure,  does  not  deliquesce  in  a  moderately  dry 
atmosphere :  it  is  dissolved  by  alcohol. 

Solution  of  potassium  iodide,  like  those  of  all  the  soluble  iodides 
dissolves  a  large  quantity  of  free  iodine,  forming  a  deep-brown' 
liquid,  not  decomposed  by  water. 

Potassium  Bromide,  KBr.— This  compound  may  be  obtained 
by  processes  exactly  similar  to  those  just  described,  substituting 
bromine  tor  the  iodine.  It  is  a  colourless  and  very  soluble  salt" 
quite  uncbstmgmshable  in  appearance  and  general  characters  from 
the  iodide. 

Potassium  Oxides.— Potassium  combines  with  oxygen  in 
three  proportions,  forming  a  monoxide,  K90,  a  dioxide,  K9(l,  and 
a  tetroxide,  K20„  besides  a  hydrate,  KHO,  corresponding  to  the 
monoxide.  ° 

Potassium  monoxide,  K20,  also  called  anhydrous  potash,  or 
potassa,  is  formed  when  potassium  in  thin  slices  is  exposed  at 
°Tt  2  temperatures  to  dry  air  free  from  carbon  dioxide ;  also 
poteasium .  13  heated  with  an  equivalent  quantity  of  metallic 

2KHO  +  K2  =  2K20  .+  H2. 

It  is  white,  very  deliquescent  and  caustic,  combines  energetically 
With  water  forming  potassium  hydrate,  and  becomes  incandescent 
When  moistened  with  it;  melts  at  a  red  heat,  and  volatilises  at 
very  high  temperatures. 

KO 

The  dioxide,  K202,  or    ^,  is  formed  at  a  certain  stage  in  the 

preparation  of  the  tetroxide,  but  has  not  been  obtained  quite  pure. 
wLw%  reg",a"n"  t,,e  heat  and  ««pply  of  air,  nearly  the 
hav  1  i  £otas81um  lnay  be  converted  into  a  white  oxide, 
mmna  nearly  he  composition  of  the  dioxide.  An  aqueous  solu- 
tion oi  this  oxide  is  formed  by  the  action  of  water  on  the  tetroxide. 
TI  K— 0—0 

1  he  tetr°™le,  K204,  or  I     i8  produced  when  potassium 

•  ,  K— 0— 0 

«  Durnl  m  excess  of  dry  air  or  oxygen  gas.    It  is  a  chrome-yellow 
Powder,  u  tuch  rakes  together  at  about  280°.    It,  absorbs  moisl  tire 
18  decomposed  by  water,  giving  off  oxygen,  and  form- 
mg  a  solution  of  the  dioxide.    When  gently  heated  in  a  strea  f 
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carbon  monoxide,  it  yields  potassium  carbonate  and  two  atoms  of 
oxygen : 

K204  +  CO  =  K2C03  +  02  : 

with  carbon  dioxide  it  acts  in  a  similar  manner,  giving  off  three 
atoms  of  oxygen.* 

Potassium  Hydrate,  KHO,  commonly  called  caustic  potash,  or 
potassa,  is  a  very  important  substance,  and  one  of  great  practical 
utility.  It  is  always  prepared  by  decomposing  the  carbonate  with 
calcium  hydrate  (slaked  lime).  10  parts  of  potassium  carbonate 
are  dissolved  in  100  parts  of  water,  and  heated  to  ebullition  in  a 
clean  untinned  iron,  or,  still  better,  silver  vessel ;  8  parts  of  good 
quicklime  are  meanwhde  slaked  in  a  covered  basin,  and  the  result- 
ing calcium  hydrate  is  added,  little  by  little,  to  the  boiling  solution 
of  carbonate,  with  frequent  stirring.  When  all  the  lime  has  been 
introduced,  the  mixture  is  suffered  to  boil  for  a  few  minutes,  and 
then  removed  from  the  fire  and  covered  up.  In  the  course  of  a 
very  short  time,  the  solution  will  have  become  quite  clear,  and  fit 
for  decantation,  the  calcium  carbonate,  with  the  excess  of  hydrate, 
settling  down  as  a  heavy,  sandy  precipitate.  The  solution  should 
not  effervesce  with  acids. 

It  is  essential  in  this  process  that  the  solution  of  potassium  car- 
bonate be  dilute,  otherwise  the  decomposition  becomes  imperfect 
The  proportion  of  lime  recommended  is  much  greater  than  that 
required  by  theory,  but  it  is  always  proper  to  have  an  excess. 

The  solution  of  potassium  hydrate  may  be  concentrated  by 
quick  evaporation  in  the  iron  or  silver  vessel  to  any  desired 
extent ;  when  heated  until  vapour  of  water  ceases  to  be  disen- 
gaged, and  then  suffered  to  cool,  it  furnishes  the  solid  hydrate, 
KHO  or  K2O.H20. 

Pure  potassium  Irydrate  is  also  easily  obtained  hy  heating  to 
redness  for  half  an  hour  in  a  covered  copper  vessel,  one  part  of 
pure  powdered  nitre  with  two  or  three  parts  of  finely  divided 
copper  foil.    The  mass,  when  cold,  is  treated  with  water. 

Potassium  hydrate  is  a  white  solid  substance,  very  deliquesceffl 
and  soluble  in  water ;  alcohol  also  dissolves  it  freely,  which  is  the 
case  with  comparatively  few  potassium  compounds:  the  solid 
hydrate  of  commerce,  which  is  very  impure,  may  thus  be  purified. 
The  solution  of  this  substance  possesses,  in  the  very  highest  degree, 
the  properties  termed  alkaline :  it  restores  the  blue  colour  to 
litmus  which  has  been  reddened  by  an  acid;  neutralises  com- 
pletely the  must  powerful  acids;  has  a  nauseous  and  peculiar 
taste ;  and  dissolves  the  skin,  and  many  other  organic  matters, 
when  the  latter  are  subjected  to  its  action.  It  is  frequently  used 
by  Burgeons  as  a  cautery,  being  moulded  into  little  sticks  for  that 
purpose. 

*  Harcourt,  Chcm.  Soc.  Journ.  xiv.  267. 
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Density. 

Percentage  of 
K,0. 

Density. 

1-68 

51-2 

1-33 

1-60 

467 

1-28 

1  -52 

42-9 

1-23 

1-47 

39-6 

1-19 

1-44 

36-8 

1-15 

1-42 

344 

1-11 

1-39 

324 

1-06 

1-36 

29-4 

Potassium  hydrate,  both  in  the  solid  state  and  in  solution 
rapidly  absorbs  carbonic  acid  from  the  air:  hence  it  must 
be  kept  m  closely  stopped  bottles.  When  imperfectly  pre- 
pared, or  partially  altered  by  exposure,  it  effervesces  with  an 
acid.  It  is  not  decomposed  by  heat,  but  volatilises  undecomposed 
at  a  very  high  temperature.  1 

The  following  table  of  the  densities  and  value  in  anhydrous 
potassium  oxide,  K.O,  of  different  solutions  of  potassium  hydrate 
is  given  on  the  authority  of  Dalton  ■—  J 


Percentage  of 
K„0. 

26-3 
23-4 
19-5 
16-2 
130 

9-5 

47 


Potassium  Nitrate;  Nitre;  Saltpetre,  KNOs  =  NO  (OIO 
-this  important  compound  is  a  natural  product,  being  disengaged 
by  a  land  of  efflorescence  from  the  surface  of  the  soil  in  certain 
dry  and  hot  countries.  It  may  also  be  produced  by  artificial 
Sajff'  by  the  °xkktion  of  in  P-sence  of  a 

In  France,  large  quantities  of  artificial  nitre  are  prepared  bv 
mm„g  annual  refuse  of  all  kinds  with,  old  mortar  otSuS 
hydrate  and  earth,  and  placing  the  mixture  in  heaps,  proteS 

toSSthS  7  '  r°°f'  ^  feekexP°sed  t°  the  air.P  FrClme 
to  time  the  heap,  are  watered  with  putrid  urine,  and  the  mass  is 
turned  over,  to  expose  fresh  surfaces  to  the  air.    When  much  sa 

&  Se  niix-iUI?  i8  ^.viatecl,  and  tLTolution 

I  on  calcium  nitrate,  is  mixed  with  potassium  car- 

ded 'lo  ZmJ'A\  •'""t,  1Siorm?,d>  and  'he  nilric  acid  trans- 
-  v  II  '  .  fikdl-  f?e  hlterecl,  solution  «  than  made  to 
l   I  '.     , '  *  1(1  hft  Petals  are  purified  by  re-solution  and  crys- 

Ke  crystals       1        ^  *Umd  "'  preVent  the  formation  of 
|he  greater  ]  p  ar  t  of  the  nitre  used  in  this  country  comes  from 
Jjta.  it  is  dissolved  m  water,  a  Kttle  potassium  carbonate  is 

^'o  il h  i,  ,  i  i'-'i"-''  ""!■  s     is  purified  as  above. 

«leco  qnantikes  .,1  nitre  are  now  manufactured  by 

ttl^w^  "llrat"  £PMe  saltpetre),  with  J- 
,,„        ,    lo7  1'     Potassium,    [n  Belgium  the  potassium  oar- 

i  |     '       'i'  l„  ^  the  ashes  of  the  1  teoot  sugar  manufactories 

ffy  "'",|  fortius  purpose;  the  potassium  nitrate  thus  pre- 
1  ,M| 's  very  pure,  and  is  produced  at  a  Low  price 
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Potassium  nitrate  crystallises  in  anhydrous  six-sided  prisms, 
with  dihedral  summits,  belonging  to  the  rhombic  or  trimetnc 
system :  it  is  soluble  in  7  parts  of  water  at  15-5°,  and  in  its  own 
weight  of  boiling  water.  Its  taste  is  saline  and  cooling,  and  it  is 
without  action  on  vegetable  colours.  It  melts  at  a  tempera- 
ture below  redness,  and  is  completely  decomposed  by  a  strong 

^When  it  is  thrown  on  the  surface  of  many  metals  in  a  state 
of  fusion  or  mixed  with  combustible  matter  and  heated,  rapid 
oxidation  ensues,  at  the  expense  of  the  oxygen  of  the  nitric  acid 
Examples  of  such  mixtures  are  found  in  common  gunpowder,  and 
in  nearly  all  pyrotechnic  compositions,  which  burn  m  this  manner 
independently  of  the  oxygen  of  the  air,  and  even  under  water. 
Gunpowder  is  made  by  very  intimately  mixing  together  potas- 
sium nitrate,  charcoal,  and  sulphur,  in  proportions  which  ap- 
proach 2  molecules  of  nitre,  3  atoms  of  carbon,  and  1  atom  ot 

&UT 'hese  quantities  give,  reckoned  to  100  parts,  and  compared  with 
the  proportions  used  in  the  manufacture  of  the  English  Govern- 
ment powder,  the  following  results : — 

r  Proportions 
Theory.  in  plactiCe. 

Potassium  nitrate,  .  -  74'8  75 
Charcoal,      ....       13-3  15 


Sulphur, 


11-9  10 


100-0  100 


The  nitre  is  rendered  very  pure  by  the  means  already  mentioned, 
freed  from  water  by  fusion,  and  ground  to  fine  powder ;  the  sul- 
phur and  charcoal,  the  latter  being  made  from  light  wood,  as  dog- 
wood or  alder,  are  also  finely  ground,  after  which  the  materials  are 
weighed  out,  moistened  with  water,  and  thoroughly  mixed  by 
o-rinding  under  an  edge-mill.  The  mass  is  then  subjected  to  great 
pressure,  and  the  mill-cake  thus  produced  broken  in  pieces,  and 
placed  in  sieves  made  of  perforated  vellum,  moved  by  machinery, 
each  containing,  in  addition,  a  round  piece  of  heavy  wood.  Ine 
grains  of  powder  broken  off  by  attrition  tall  through  the  holes  in 
the  skin,  and  are  easily  separated  from  the  dust  by  sifting,  lie 
powder  is,  lastly,  dried  by  exposure  to  steam-heat,  and  sometimes 
glazed  or  polished  by  agitation  in  a  kind  of  cask  mounted  on  an 


axis. 


It  was  formerly  supposed  that  when  gunpowder  is  tired,  the 
whole  of  the  oxygen  of  the  potassium  nitrate  was  transferred  W 
the  carbon,  forming  carbon  dioxide,  the  sulphur  combining  witn 
the  potassium,  and  the  nitrogen  being  set  free.  There  is  no  douw 
that  this  reaction  does  take  place  to  a  considerable  extent,  am 
thai  the  large  volume  of  gas  thus  produced,  and  still  turtnei 
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expanded  by  the  very  high  temperature,  sufficiently  accounts 
for  the  explosive  effects.  But  recent  investigations  by  Bunsen, 
Karolyi,  and  others,  have  shown  that  the  actual  products  of  the 
combustion  of  gunpowder  are  much  more  complicated  than  this 
theory  would  indicate,  a  very  large  number  of  products  being 
formed,  and  a  considerable  portion  of  the  oxygen  being  transferred 
to  the  potassium  sulphide,  converting  it  into  sulphate,  which,  in 
fact,  constitutes  the  chief  portion  of  the  solid  residue  and  of  the 
smoke  formed  by  the  explosion.* 

Potassium  Chlorate,  KC103  =  C102(OK).— The  theory  of 
the  production  of  chloric  acid,  by  the"  action  of  chlorine  gas 
on  a  solution  of  caustic  potash,  has  been  already  explained 
(p.  187). 

Chlorine  gas  is  conducted  by  a  wide  tube  into  a  strong  and  warm 
solution  of  potassium  carbonate,  until  absorption  of  the  gas  ceases ; 
and  the  liquid  is,  if  necessary,  evaporated,  and  then  left  to  cool, 
in  order  that  the  slightly  soluble  chlorate  may  crystallise  out. 
The  mother-liquor  affords  a  second  crop  of  crystals,  but  they  are 
much  more  contaminated  with  potassium  chloride.  It  may  be 
purified  by  one  or  two  re-crystallisations. 

Potassium  chlorate  is  soluble  in  about  20  parts  of  cold  and  2  of 
boiling  water:  the  crystals  are  anhydrous,  flat,  and  tabular;  in 
taste  it  somewhat  resembles  nitre.  When  heated  it  gives  off  the 
whole  of  its  oxygen  gas  and  leaves  potassium  chloride.  By  arrest- 
ing the  decomposition  when  the  evolution  of  gas  begins  to  slacken, 
and  redissolving  the  salt,  potassium  perchlorate  and  chloride  may 
be  obtained. 

_  This  salt  deflagrates  violently  with  combustible  matter,  explo- 
sion often  occurring  by  friction  or  blows.  When  about  one  grain- 
weight  of  chlorate  and  an  equal  quantity  of  sulphur  are  rubbed  in 
a  mortar,  the  mixture  explodes  with  a  loud  report :  hence  it  cannot 
be  used  iu  the  preparation  of  gunpowder  instead  of  the  nitrate. 
Potassium  chlorate  is  now  a  large  article  of  commerce,  being  em- 
ployed, together  with  phosphorus,  in  making  instantaneous-light 
matches.  ° 

Potassium  Perchlorate,  KC104  =  C10,(OK).— This  salt  has 
wen  already  noticed  under  the  head  of  perchloric  acid.  It  is  best 
prepared  by  projecting  powdered  potassium  chlorate  into  warm 
nitric  acid,  when  the  chloric  acid  is  resolved  into  perchloric  acid, 
chlorine  and  oxygen.  The  salt  is  separated  by  crystallisation 
trom  the  nitrate.  Potassium  perchlorate  is  a  very  slightly  soluble 
Bait:  it  requires  55  parts  of  cold  water,  but  is  more  freely  taken 
up  at  a  boiling  heat.  The  crystals  are  small,  and  have  the  figure 
»t  an  octohedron  with  square  base.  It  is  decomposed  by  heat  in 
ine  same  manner  as  the  chlorate. 

*  See  Watts's  "  Dictionary  of  Chemistry,"  vol.  ii.  p.  958. 
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CO(UK)2-  ^2^u  '  .         econoiny  of  which  they  per- 

constant  occurrence  in  lants  m ^  ^ 

P°5^^Sri^™BSSB  that  substance.  When 
pCs^ed,  t'  oS  acids  are  destroyed,  and  the  potas- 

^JwiSM™^  the  carbonate,  and  in  fact 

"Poussiuni-salts  are  always  most  —  jtkg  and 

jectedVa  process  called  Ration:  ^7  a- ^  \  r 

cask  or  tun,  having,  near  the  bottom,  an  U 
plug,  and  a  quantity  of  water  ib  added    After  some  Aff 
Lmd  is  drawn  off,  and  more  water  ^J^X"  poiiS 
soluble  matter  may  be  removed.   The  weak  t  solugom are  V  ^ 
upon  fresh  quantities  of  ash,  in  place  at  water :    lne  box 
5L  evaporated  to  dryness,  and  the  residue  is  ^Jj*0^  0I 
little  brown  organic  matter  :  the  P^^"^^  ^Sained 
warlash  of  commerce,  of  which  very  large  quantities  arc  uu 
|om and  America.    This  salt  is  very  impure:  it  contain, 
potassium  silicate,  sulphate,  chloride,  VKVaK&  from 

P  The  purified  potassium  carbonate  of  ph  anna,  y. s  piej  a 
the  crime  article  by  adding  an  equal  weight  of  ^^Xor 

£  to  a  veT-all  bulk,  and  left  to  cool,  when  the  « 
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bonate  separates  iu  small  crystals  containing  2  molecules  of  water 
K2CO?.2H20 ;  these  are  drained  from  the  mother-liquor,  and  then 
dried  in  a  stove. 

A  still  purer  salt  may  be  obtained  by  exposing  to  a  red-heat 
purified  cream  of  tartar  (acid  potassium  tartrate),  and  separating 
the  carbonate  by  solution  in  water  and  crystallisation,  or  evapora- 
tion to  dryness. 

Potassium  carbonate  is  extremely  deliquescent,  and  soluble  in 
less  than  its  own  weight  of  water :  the  solution  is  highly  alkaline 
to  test-paper.  It  is  insoluble  in  alcohol.  By  heat  the  water  of 
crystallisation  is  driven  off,  and  by  a  temperature  of  full  ignition 
the  salt  is  fused,  but  not  otherwise  changed.  This  substance  is 
largely  used  in  the  arts,  and  is  a  compound  of  great  importance. 

■Acid  potassium  carbonate,  Hydrogen  and  potassium  carbonate,  or 
Monopotassic  carbonate,  KHC03;  commonly  called  bicarbonate  of 
potash.— When  a  stream  of  carbonic  acid  gas  is  passed  through 
a  cold  solution  of  potassium  carbonate,  the  gas  is  rapidly  absorbed, 
and  a  white,  crystalline,  less  soluble  substance  separated,  which 
is  the  acid  salt.  It  is  collected,  pressed,  redissolved  in  warm  water, 
and  the  solution  is  left  to  crystallise. 

Acid  potassium  carbonate  is  much  less  soluble  than  the  normal 
carbonate :  it  requires  for  that  purpose  4  parts  of  cold  water.  The 
solution  is  nearly  neutral  to  test-paper,  and  has  a  much  milder 
taste  than  the  normal  salt.  When  boiled  it  gives  off  carbon 
'Hwide.  I  he  crystals,  which  are  large  and  beautiful,  derive  their 
ronn  irom  a  monoclinic  prism :  they  are  decomposed  by  heat, 

Rehina        n  di0XMe  being  evolved>  and  normal  carbonate 

2KHC03  =  K2C08  +  H20  +  C02. 

Potassium  Sulphates.— Potassium  forms  a  normal  or  neutral 
sulphate,  two  acid  sulphates,  and  an  anhydrosulphate. 
BoS?  poim*mm  su¥iate,  or  Bipotassic  sulphate,  K2SO,  = 
I,  c.      I2  ~  K2°-S°3>  is  obtained  by  neutralising  the  acid  residue 
'  •    m  the  retort  when  nitric  acid  is  prepared,  with  crude  potas- 

'  ^  ,1  rn.ue-  The  ,8olution  yiekls>  0,1  cooli'%  hard  transparent 
Ratals  of  the  neutral  sulphate,  which  may  be  re-dissolved  in 
ooihng  water,  and  re-crystallised. 

Potessium  sulphate  is  soluble  in  about  10  parts  of  cold,  and  in 
a  much  smaller  quantity  of  boiling  water:  it  has  a  bite  taste, 
neutral  to  test-paper.    The  crystals  are  combinations  of 
.            pyramids  and  prisms,  much  resembling  those  of  quartz 
.ui,.                     they  are  auiydiouB,and^lecrepitate  when 
SS*nl*v         -  wl,ich  » often  bhe  case  with  sails  containing  no 
■'.«•!  crystallisation    They  are  quite  insoluble  in  alcohol. 
potassium  sulphate,  Hydrogen  and  potassium  suhliate,  or 
wonopotassic  sulphate,  £HS04  =  S02(OK)(OH),  c  1  Ly  called 
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Usulphate  ofpotash.-To  obtain  this  sail jthe ^ftrfgafetj 
powder  is  mixed  with  half  its  weight  of  od  of  vitriol  and  the 
whole  evaporated  quite  to  dryness  in  a  p  atmuni  vessel  p laced 
under  a  chimney :  the  fused  salt  is  dissolved  m  hot  water  and  left 
to  Trvstal™  The  crvstals  have  the  figure  of  flattened  rhombic 
nrismfand  are  much  more  soluble  than  the  neutral  salt,  requiring 
K Twi^ their  weight  of  water  at  15-5°,  and  less  than  half  that 
quantity  at  100°. The  solution  has  a  sour  taste  and  strongly  acid 

^Tanhydrosulphate,  K2S04.  S03  =  KsO.  2SO.,  conmionly 
JelanhyLus  Lulphate  of  potash,  ^^M^f^ 
eaual  weights  of  the  normal  sulphate  and  oil  of  vitriol  m  a  small 
SntiTy  of  warm  distilled  water,  and  leaving ,  the  so hition  to  cool 
^  The  anhydrous  sulphate  crystallises  out  in  long  delicate  needles 
which  d  left  for  several  days  in  the  mother-liquor  disappear,  and 
Re  place  to  crystals  of  the  ordinary  acid  sulphate  above  described. 
This  salt  is  decomposed  by  a  large  quantity  of  water. 

Potassium  SuLPHiDES.-Potassium  heated  in  sulphur  vapour 
burns  with  great  brilliancy  It  unites  with  sulphur  m  five >  de- 
ferent proportions,  forming  the  compounds  K2S,  K2b2,  H2b3>  ^°4> 

K^^pl^Sl  S^btM  whether  this  expound hj 
been  obtained  in  the  pure  state.    It  is  commonly  said  to  be pio 
duced  by  heating  potassium  sidphate  rn  a  current  °f 
"en  or  by  igmting  the  same  salt  in  a  covered  vessel  with  fmeh 
divided  ;°but,  according  to  Bauer,  one  of  the .higher •  sul- 

phides  is  always  formed  at  the  same  time  together witfc  ~£erf 
potassium.  The  product  has  a  reddish-yeUow  colour  is  dehcmes 
5  and  acts  as  a^austic  on  the  skin.  When  P*""""^ 
is  heated  in  a  covered  crucible  with  excess  of  ^J-^^S 
toe  of  potassium  sulphide  and  finely  divided  carbom is  oUzmed, 
which  takes  Are  spontaneously  on  coming  m  contact  with  the  an. 
The  monosulphide  might  perhaps  be  obtained  pure  by  heah 
1  molecrde  of  potassium  sidphydrate,  KHS,  with  1  atom  of  the 

™  When  sulphydric  acid  gas  is  passed  to  saturation  into  a  solu- 
tion of  caustic  potash,  a  solution  of  the  sulphydrate  is  ob  amed 
which  is  colorless  at  first,  but  if  exposed  to  the  | 
absorbs  oxygen,  and  turns  yellow,  m  consequence  of  the  formation 
of  bisulphide : 

2KHS  +  0  =  K2Sa  +  H20. 

If  a  solution  of  potash  be  divided  into  two  par ts  one  "alfsal hu- 
nted with  hvdrogon  sulphide,  and  then  mixed  with  the  other  a 
solyS  is'  formed   winch  may  contain  potassium  monosul- 

phidG:  KHS  +  KHO  =  K2S  +  H20. 
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But  it  is  also  possible  that  the  hydrate  and  the  sulphydrate  may 
mix  without  mutual  decomposition.  The  solution  when  mixed 
with  one  of  the  stronger  acids,  gives  off  hydrogen  sulphide 
without  deposition  of  sidphur,  a  reaction  which  is  consistent  with 
either  view  of  its  constitution. 

The  bisulphide,  K2S2,  is  formed,  as  already  observed,  on  exposing 
a  solution  of  the  sulphydrate  to  the  air  till  it  begins  to  show 
turbidity.  By  evaporation  in  a  vacuum,  it  is  obtained  as  an 
orange-coloured,  easily  fusible  substance. 

The  trisidphide,  K2S3,  is  obtained  by  passing  the  vapour  of  car- 
bon bisulphide  over  ignited  potassium  carbonate,  as  long  as  gas 
continues  to  escape : 

2K2C03  +  3CS2  =  2K2S3  4CO  +  C02. 

Also,  together  with  potassium  sulphate,  forming  one  of  the  mix- 
tures called  liver  of  sidphur,  by  melting  552  parts  (4  molecules)  of 
potassium  carbonate  with  320  parts  (10  atoms)  of  sulphur : 


4K2C03  +  S10  =  K2S04  +  3K2S3  +  4CO 


2  • 


Thetetrasulphide,  is  formed  by  reducing  potassium  sulphate 
with  the  vapour  of  carbon  bisulphide. 

The  pentasulphide,  K2Sfi,  is  formed  by  boiling  a  solution  of  any 
ot  the  preceding  sulphides  with  excess  of  sulphur  till  it  is 
saturated,  or  by  fusing  either  of  them  in  the  dry  state  with  sul- 
phur The  excess  of  sulphur  then  separates  and  floats  above  the 
dark  brown  pentasulphide. 

Liver  of  sulphur,  or  hepar  sidphuris,  is  a  name  given  to  a  brownish 
substance,  sometimes  used  in  medicine,  made  by  fusing  together 
cUflerent  proportions  of  potassium  carbonate  and  sulphur.  It  is  a 
variable  mixture  of  the  two  higher  sulphides  with  thiosulphate 
and  sulphate  of  potassium.  1 

When  equal  parts  of  sulphur  and  dry  potassium  carbonate  are 
melted  together  at  a  temperature  not  exceeding  250°,  the  decom- 
position ot  the  salt  is  quite  complete,  and  all  the  carbon  dioxide  is 
expeued  The  fused  mass  dissolves  in  water,  with  the  exception 
Z,Uh tUYne chanically  mixed  sulphur,  with  dark-brown  colour, 
ana  cue  solution  is  found  to  contain  nothing  besides  pentasulphide 
and  thiosulphate  of  potassium : 

3K20  +  Su  =  2K2Sfi  +  K2S203. 

]n^'  I"''1      mixture  has  born  exposed  to  a  temperature  approach - 
.•  7      .  ".'  Lgmtion,  it  is  found,  on  the  contrary,  to  contain  potas- 
rf  8U|Phate,  arising  from  the  decomposition  of  the  thiosulphate 
wnich  then  occurs: 

4K2S.,03  =  EtjSfi  +  3K2S04. 
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From  both  these  mixtures  the  potassium  pentasulphide  may  be 

^KafiaS  iSeS  SSSf  ^  weight  of  sulphur 
ou^  tLu^Mde  is  produced,  as  above  indicated,  instead  of 

thffSSied  happen  hi  the  same  manner  when  potassium 

thiosulphate  always  results. 

PotMsium-salte  are  d-ta  when  ™t  aj«tod  withj, 

ecystellme  precipitate  of  cream  of  tartar;  the  effect  is  greatly 
7)^3525-,  with  a  Me  Hr^yd 

of  alcohol  increases  the  delicacy  of  both  tests. 

(3 )  Perdhloric  acid,  and  sihcofluonc  acid,  give  rise  to  su0nuy 
soluble  white  precipitates  when  added  to  a  potassium- salt 

(4)  Potassium  silts  usually  colour  the  ^.^Wja 
purple  or  violet ;  this  reaction  is  clearly  perceptible  only  when  the 

^S£££  phenomena  exhibited  by  potassium  compounds 
are  mentioned  at  page  69. 


SODIUM. 

Atomic  weight,  23  ;  symbol,  Na  (Natrium). 
Sodium  is  a  very  abundant  element,  and  very  widely  diffused.  B 
occurs  in  large  quantities  as  chloride,  in  rock-salt,  sea-water  salt 
Ss  and  many  other  mineral  waters ;  more  rarely  asc** 
borale,  'and  sulphate,  in  solution  or  in  the  solid  state,  and  as  silicate 

hl  3l"  sodium  was  obtained  by  Davy  soon  after  the  discovevv 
of  nota  sium,  and  by  similar  means.    Gay-Lussac  and  Thenar 
flftSwardrprepaxed  it  by  decomposing  sodium  hydrate  witt 
™X  iron  ata  white  heat ;  and  Brunner  showed  that  it  may  be 
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prepared  with  much  greater  facility  by  distilling  a  mixture  of 
sodium  carbonate  and  charcoal. 

The  preparation  of  sodium  by  this  last-mentioned  process  is 
much  easier  than  that  of  potassium,  not  being  complicated,  or 
only  to  a  slight  extent  by  the  formation  of  secondary  products. 
Within  the  last  few  years  it  has  been  considerably  improved  by 
Deville  and  others,  and  carried  out  on  the  manufacturing  scale, 
sodium  being  now  employed  in  considerable  quantity  as  a  reducing 
agent,  especially  in  the  manufacture  of  aluminium  and  magnesium, 
and  in  the  silver  amalgamation  process. 

The  sodium  carbonate  used  for  the  preparation  is  prepared  by 
calcining  the  crystallised  neutral  carbonate.  It  must  be  thoroughly 
dried,  then  pounded,  and  mixed  with  a  slight  excess  of  pounded 
charcoal  or  coal.  An  inactive  substance,  viz.,  pounded  chalk,  is 
also  added  to  keep  the  mixture  in  a  pasty  condition  during  the 
operation,  and  prevent  the  fused  sodium  carbonate  from  separating 
from  the  charcoal.  The  following  are  the  proportions  recom- 
mended by  Deville : — 


For  Laboratory  Operations. 
Dry  sodium  carbonate,   717  parts 
Charcoal,       .       .       175  () 
Chalk,   ...       108  ,, 


For  Manufacturing  Operations. 
Dry  sodium  carbonate, 
Coal,     .       .       .  13 
Chalk,    ...  3 


30  kilogr. 


These  materials  must  be  very  intimately  mixed  by  pounding 
and  sifting,  and  it  is  advantageous  to  calcine  the  mixture  before 
introducing  it  into  the  distilling  apparatus,  provided  the  calcina- 
tion can  be  effected  by  the  waste  heat  of  a  furnace ;  the  mixture  is 
thereby  rendered  more  compact,  so  that  a  much  larger  quantity 
can  be  introduced  into  a  vessel  of  given  size. 

The  distillation  is  performed,  on  the  laboratory  scale,  in  a  mer- 
cury bottle  heated  exactly  in  the  manner  described  for  the  pre- 
paration of  potassium.  For  manufacturing  operations,  the  mixture 
u  ml  minced  into  iron  cylinders,  which  are  heated  in  a  reverbera- 
tory  furnace,  and  so  arranged  that,  at  the  end  of  the  distillation, 
the  exhausted  charge  may  be  withdrawn  and  a  fresh  charge  intro- 
duced, without  displacing  the  cylinders  or  putting  out  the  fire. 
Ihe  receivers  used  in  either  case  are  the  same  in  form  and 
mmensions  as  those  employed  in  the  preparation  of  potassium 
y).  .j  17). 

When  the  process  goes  on  well,  the  sodium  collected  in  the 
receivers  is  nearly  pure  ;  it  may  be  completely  purified  by  melting 

II  °?der  a  tmn  layer  of  naphtha.  This  liquid  is  decanted  as  soon 
M  the  sodium  becomes  perfectly  fluid,  and  the  metal  is  run  into 
moulds  Like  those  used  for  casting  lead  or  zinc 

.  Sodium  is  a  silver-white  metal,  greatly  resembling  potassium 

III  every  respect.  Its  specific  gravity  is  0-972.  It  is  soft  al  com- 
mon temperatures,  melts  at  97:6°,  and  oxidises  very  rapidly  in  the 
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motions  of  the  fragment  are  restrained  and  its  lapid  «™™^ 

and  producing  a  solution  of  soda. 

Sodium  Chlobide  ;  Common  Salt  NaCl.-This  very .jWg^ 
substan™  is  found  in  many  parts  of  the  world  msohd  beds^ 
irregular  strata  of  ^  2g5 

Sr^r^of^ea,,  and  large  quantities  are 

^tk^St^B  too  impure  for  use.    H  no  natural 
brSe  sp  mg  elTs  an  artificial  one  is  formed  by  surkmg  a  shai 

tfa  chloride,  when  pure,  is  not  deliquescent  in 
dry  air.     It  crystallises  in  anhydrous  cubes  which  are  oiten 
Souped  together  into  pyramids,  or  steps    ^  ^  >  fsen- 
parts  of  water  at  60°  F.  for  solution,  and  its  soluhdi  y  is  not*m 
sibly  increased  by  heat;  it  dissolves  ^  some  extent  in  spmt  oi 
Thl,  but  is  nearly  insoluble  in  absolute  alcohol.    It  melts .at  a 
red  heat,  and  is  volatile  at  a  still  higher  temperature.    The  econo 
mical  uses  of  common  salt  are  well  known.  n0rre<mond- 

The  iodide  and  bromide  of  so dmm  much  resemble  the  c°™T>™ 
ing  potassium-compounds:  they  crystallise  m  cube,,  *hich  are 
anhydrous,  and  very  soluble  in  water. 

Sodium  OxiDES.-Sodium  forms  a  monoxide  and  a  dioxide; 
also  a  hydrate  corresponding  to  the  former. 

'  S«K«m  Monoxide,  or  Anhydrous  Soda,  Na  0 >  FO^ced^ 
ther  with  the  dioxide,  when  sodium  burns  m  the  air an  i  may 
obtained  pure  by  exposing  the  dioxide  to  a  very  ^V^S^l 
S  bv  heating  sodium  hydrate  with  an  equivalent  quant  t  o 
sodhuu :  2NaHO  +  Na,  =  2Na20  +  H,    It  is  a  grey  mass,  whxcfi 
its  at  a  red  heat,  an?  volatilises  wa&  d^cult^ 

Sodiim  Hydrate,  or  GausHc  Soda,  NaHO,  oi ^££tf8olution 
substance  is  prepared  by  decomposing  a  so n  Lewhat  li  ut  a 
nf  cintlium  carbonate  with  calcium  hydrate  .  the  aesc 111 >iu n 
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Percentage  of 
anhydrous  soda. 

Density. 

Percentage  of 
anhydrous  soda. 

77-8 

1-40 

29-0 

63-6 

1-36 

26-0 

53-8 

1-32 

23-0 

46-6 

1-29 

190 

41-2 

1-23 

16-0 

36-8 

1-18 

13-0 

34-0 

1-12 

9-0 

31-0 

1-06 

4-7 

cautions  necessary,  apply  word  for  word  to  that  of  sodium 
hydrate. 

The  solid  hydrate  is  a  white  fusible  substance,  very  similar  in 
properties  to  potassium  hydrate.  It  is  deliquescent,  but  dries  up 
again  after  a  time  in  consequence  of  the  absorption  of  carbonic  acid. 
The  solution  is  highly  alkaline,  and  a  powerful  solvent  for  aiiixnal 
matter:  it  is  used  in  large  quantity  for  making  soap. 

The  strength  of  a  solution  of  caustic  soda  may  be  roughly 
determined  from  a  knowledge  of  its  density,  by  the  aid  of°the 
following  table  drawn  up  by  Dalton : — 

TABLE  OF  PERCENTAGE  OP  ANHYDROUS  SODA,  Na20,  IN  SOLUTIONS 
OF  DIFFERENT  DENSITY. 

Density. 

2-  00  . 
1-85  . 
172 

1  -63  . 
1-55  . 

3-  50  . 
1-47  . 
1-44  . 

_  Sodiwm  Dioxide,  Na202.— Sodium  when  heated  to  about  200° 
m  a  current  of  dry  air  absorbs  oxygen,  and  is  converted  into  dioxide  ; 
tm  substance  is  white,  but  becomes  yeUow  when  heated,  which 
tmt  it  again  loses  on  cooling.  It  dissolves  in  water  without 
aecomposition :  the  solution  may  be  evaporated  under  the  receiver 

I.L  <  ,rair"pi,imp'  fnd'  when  sufficiently  concentrated,  deposits 
crystalline  plates  having  the  composition  Na20.8H90.  These 
oystala  left  to  effloresce  over  oil  of  vitriol  for  nine  days  lose 

w  Z  *k  £eirm7ater'  and  ^  another  hydrate  con- 
to mmg  Na.O.SH.O.    The  aqueous  solution  of  sodium  dioxide 

themonoxide  ^        water-bath> i8  decomposed  into  oxygen  and 

]vl°DIUM^N,TT^A,TK'  NaN03--Tbis  salt,  sometimes  called  Cubic 
■™,  or  Lhik  Saltpetre,  occurs  native,  and  in  enormous  quantity, 
Irrf  ?  NorUrr"  IVl  ".  where  it  forms  a  regulai  bed,  of 
sl„  '  |Q    VrT       8  W]t,h  Wsum.  common  salt,  and  remains  of  recenl 

1  -  I  he  pun-  salt  commonly  crystaUises  in  rhombohedrons, 
S  •  8  th°se  1,1  calcareous  spar.  It  is  deliquescent,  and  very 
:„.  !  ,"  !"  Watei\  Sn,lil""  nitrate  is  employed  for  making  nitric 
slovvl       '  U8ed  for  gunpowder,  as  the  mixture  burns  too 

samp         becomes  damp  in  the  air.    It  has  been  lately  used  with 

e  success  in  agriculture  as  a  superficial  manure  or  top-dressing; 
tor  preparing  potassium  nitrate  (p.  321). 

Sodium  Carbonates.— The  Neutral  or  Disodio  Carbonate, 
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Na,CO*10H,O,  was  once  exclusively  obtained  from  the  ashes  of 
sea-weeds,  and  of  plants,  such  as  the  Salsola  soda  which  grow  hy 
the  sea-side,  or,  being  cultivated  in  suitable  locahties  for  the  pur- 
pose, are  afterwards  subjected  to  incineration.  The  barilla,  still 
employed  to  a  small  extent  in  soap-making,  is  thus  produced  in 
several  places  on  the  coast  of  Spain,  as  Alicante,  Carthagena,  &c. 
That  made  in  Brittany  is  called  varec. 

Sodium  carbonate  is  now  manufactured  on  a  stupendous  scale 
from  common  salt  by  a  series  of  processes  which  may  be  divided 
into  two  stages : —  ,     „  ,. 

(1.)  Manufacture  of  sodium  sulphate,  or  salt-ca.;e,  from  sodium 
chloride  (common  salt) ;  this  is  called  the  salt-cake  process 

(2.)  Manufacture  of  sodium  carbonate,  or  soda-ash ;  called  tne 
soda-ash  process.  .     .         ,  ... 

(1.)  Salt-cake  process.— This  process  consists  m  the  decomposition 
of  common  salt  by  sulphuric  acid,  and  is  effected  m  a  furnace 
called  the  Salt-cake  furnace,  of  which  fig.  136  represents  a  section. 

Fig.  136. 


It  consists  of  a  large  covered  iron  pan,  placed  m  the  centre,  and 
heated  by  a  fire  underneath ;  and  two  roasters,  or  reverberator 
furnaces,  placed  one  at  each  end,  and  on  the  hearths  ol  which  the 
salt  is  completely  decomposed.  The  charge  of  half  a  ton  of  salt  i| 
first  placed  in  the  iron  pan,  and  then  the  requisite  quantity  ot 
sulphuric  acid  is  allowed  to  pass  in  upon  it.  Hydrochloric  acid  is 
evolved,  and  escapes  through  a  flue,  with  the  products  of  combus- 
tion, into  towers  or  scrubbers,  filled  with  coke  and  bricks 
moistened  with  a  stream  of  water  ;  the  acid  vapours  are  thus 
condensed,  and  the  smoke  and  heated  air  pass  up  the  chimney- 
After  the  mixture  of  salt  and  acid  has  been  heated  in  the  iron  pan, 
it  becomes  converted  into  a  solid  mass  of  acid  sodium  sulphate 
and  undecomposed  sodium  chloride  : — 

2NaCl  +  H2S04  =  NaCl  +  NaHS04  +  HCL 

It  is  then  raked  on  to  the  hearths  of  the  furnaces  at  each  side  of 
the  decomposing  pan,  where  the  flame  and  heated  air  ot  the  lire 
complete  the  decomposition  into  neutral  sodium  sulphate  ami 
sulphuric  acid : — 

NaCl  -f  NaHS04  =  Na2S04  +  HCL 
(2.)  Soda-ash  process.— The  sulphate  is  next  reduced  to  powder, 
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and  mixed  with  an  equal  weight  of  chalk  or  limestone,  and  half  as 
much  small  coal,  both  ground  or  crushed.  The  mixture  is  thrown 
into  a  reverberatory  furnace,  and  heated  to  fusion,  with  constant 
stirring.  2  cwts.  are  about  the  quantity  operated  on  at  once. 
When  the  decomposition  is  judged  complete,  the  melted  matter  is 
raked  from  the  furnace  into  an  iron  trough,  where  it  is  allowed  to 
cool.  This  crude  product,  called  black  ash,  or  ball-soda,  is  broken 
up  into  little  pieces,  when  cold,  and  lixiviated  with  cold  or  tepid 
water.  The  solution  is  evaporated  to  dryness,  and  the  salt  cal- 
cined wath  a  little  sawdust  in  a  suitable  furnace.  The  product  is 
the  soda-ash,  or  British  alkali  of  commerce,  which,  when  of  wood 
quality,  contains  from  48  to  52  per  cent,  of  anhydrous  soda,  Na20, 
partly  in  the  state  of  carbonate,  and  partly  as  hydrate,  the  re- 
mainder being  chiefly  sodium  sulphate  and  common  salt,  with 
occasional  traces  of  sulphite  or  thiosulphate,  and  also  cyanide  of 
sodium.  By  dissolving  soda-ash  in  hot  water,  filtering  the  solu- 
tion, and  then  allowing  it  to  cool  slowly,  the  carbonate  is  deposited 
in  large  transparent  crystals. 

The  reaction  which  takes  place  in  the  calcination  of  the  sul- 
phate with  chalk  and  coal-dust  seems  to  consist,  first,  in  the  con- 
version of  the  sodium  sulphate  into  sulphide  by  the  aid  of  the 
combustible  matter,  and,  secondly,  in  the  interchange  of  elements 
between  that  substance  and  the  calcium  carbonate : 

Na2S    +    CaC03    =    CaS    +    Na2C03 . 

Other  processes  have  been  proposed,  and  even  carried  into  execu- 
tion ;  but  the  above,  which  was  originally  proposed  by  Leblanc, 
is  found  most  advantageous. 

The  ordinary  crystals  of  sodium  carbonate  contain  ten  molecules 
ot  water ;  but  by  particular  management  the  same  salt  may  be 
obtained  with  fifteen,  nine,  seven,  molecules,  or  sometimes  with 
only  one.  The  common  form  of  the  crystals  is  derived  from  an 
oblique  rhombic  prism  ;  they  effloresce  in  dry  air,  and  crumble  to 
a  white  powder.  Heated,  they  fuse  in  their  water  of  crystallisa- 
tion :  when  the  latter  has  been  expelled,  and  the  dry  salt  exposed 
to  a  full  red  heat,  it  melts  without  undergoing  change.  The  com- 
mon crystals  dissolve  in  two  parts  of  cold,  and  in  less  than  their 
own  weight  of  boiling  water :  the  solution  has  a  strong,  disagree- 
able, alkaline  taste,  and  a  powerfully  alkaline  reaction. 

Hydrogen  and  Sodium  Carbonate,  Hydrosodic  Carbonate,  Mono- 
'  ■"■'"mate,  Acid  Sodium  Carbonate,  NaHCO,  or  Na,,CO,.H9C(  ).„ 
commonly  called  Bicarbonate  of  soda.— This  salt  is  prepared  by 
passing  carbonic  acid  gas  into  a  cold  solution  of  the  neutral  car- 
oonate,  or  by  placing  the  crystals  in  an  atmosphere  of  the  gas, 
V",  • 18  raPldly  absorbed,  while  the  crystals  lose  the  greater  part 
M  their  water,  and  pass  into  the  new  compound. 

Monosodic  carbonate,  prepared  by  either  process,  is  a  crystalline 
whit,,  powder,  which  cannot  be  re-dissolved  in  warm  water  with- 


334  MONAD  METALS. 

out  partial  decomposition.  It  requires  10  parts  of  water  at  15-5° 
for  solution:  the  liquid  is  feebly  alkaline  to  test-paper,  and  has  a 
muck  milder  taste  tkan  tkat  of  the  simple  carbonate  I  does  not 
precipitate  a  solution  of  magnesia.  By  exposure  to  heat,  the  salt 
is  converted  into  neutral  carbonate. 

Dihyclro-tetrasodic  Carbonate,  Na4H2(C03)3.2H20.-This  salt, 
commonly  called  sesquicarbonate  of  soda,  may  be  regarded  as  a 
compound  of  the  neutral  and  acid  salts  iust< iescnbed  (^CO 
2NaHC(U  It  occurs  native  on  the  banks  of  the  soda  lakes  ot 
Sokenna.  near  Fezzan,  in  Africa,  where  it  is  called  trona;  also  as 
urao,  at  the  bottom  of  a  lake  in  Maracaibo  South  America.  It 
is  produced  artificially,  though  with  some  difficulty  by  mixing 
the  mouosodic  and  disodic  carbonates  m  the  proportions  above 
indicated,  melting  them  together,  drying,  and  exposing  the  dried 
mass  in  a  cellar  for  some  weeks ;  it  then  absorbs  water,  becomes 
crystalline,  and  contains  spaces  filled  with  the  tetrasodic  car- 

^lluum  and  Potassium  Carbonate,  NaKC03.6H20,  separates  in 
monoclinic  crystals  from  a  solution  containing  the  two  carbonates 
in  equivalent  proportions.  ,  " 

A  mixture  of  these  two  carbonates  m  equivalent  proportions 
melts  at  a  much  lower  heat  than  either  of  the  salts  separately; 
such  a  mixture  is  very  useful  in  the  fusion  of  sibcates,  &c. 

Alkalimetry.— Analysis  of  Alkaline  Hydrates  and  Carbonates. 

The  amount  of  alkali  or  alkaline  carbonate  in  commercial  potash 
soda,  or  ammonia,  is  estimated  by  determining  the  quantity  ol 
an  acid  of  given  strength  required  to  neutralise  a  given  weight  of 
the  sample.  The  estimation  depends  upon  the  facts  that  the 
alkaline  salts  of  strong  acids  (sulphuric,  oxalic,  &c  )  are  neutral  ttf 
litmus :  and  that  the  violet  solution  of  litmus  is  coloured  blue  by 
caustic  alkalis  or  alkaline  carbonates,  wine-red  by  carbonic  acid, 
and  light  red  by  strong  acids.  . 

The  first  step  is  the  preparation  of  the  standard  acid.  It  is  best 
to  make  this  liquid  of  such  strength  that  1000  cubic  centimeters 
(1  litre)  shall  contain  exactly  one  J  gram-molecule  {i.e.,  1  niolecuie 
expressed  in 1  grams)  of  the  acid.  _  , 

About  70  grams  of  concentrated  sulphuric  acid  are  diluted  nn 
about  600  grams  of  water ;  when  the  mixture  is  cool,  the  volume 
of  it  necessary  to  saturate  5-3  grams  (one  f  decigram-molecule)  ot 
mrre  anhydrous  sodium  carbonate,  Na2C03,  is  determined.*  lor 
Sis  ma-pose  5-3  grams  of  freshly  ignited  sodium  carbonate  aie 
li  solved  in  hot  water,  the  solution  coloured  blue  with  a  few  drops 

I;  litmus  and  the  acid  added  from  a  burette  or  alkalimeter  (p.  33bJ 
at  last  drop  by  drop,  till  the  colour  just  passes  from  wine-red  M 
*  The  molecule  of  sodium  carbonate,  NaaCO„  weighs  2 .  23  + 12  +  3 . 16=106. 
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light  red,  and  till  strips  of  litmus-paper,  moistened  with  the  sort, 
tion  begin  to  retain  the  colour  when  dry.  The  volume  of  acid 
employed  is  then  noted  and  the  whole  diluted  so  as  to  approximate 
to  the  required  strength.  Suppose,  for  instance,  37  cubic  centi- 
meters of  acid  have  been  used:  water  is  then  added  till  every  100 
volumes  is  diluted  to  250  volumes,  and  another  determination  is 
made.  It  90  cubic  centimeters  are  now  required  to  saturate  the 
f  decigram  alkaline  solution,  every  90  volumes  of  the  acid  must 
be  diluted  to  100,  and  the  residt  controlled  by  a  fresh  deterrW 
tion;  100  cubic  centimeters  of  this  acid  should  exactly  sa™e 
5  3  grams  of  sodium  carbonate,  and  will  contain  1  half-deci^m! 
molecule  of  acid ;  2  cubic  centimeters  will  therefore  contain  KL 
gram-moleeule  (0-098  gram),*  and  ^  satm.ale  2 
molecules  of  an  alkali  (KHO  or  NaHO),  or  1  inilligram-nmlecule 
of  an  alkabne  carbonate  (K9C03  or  Na2CCL)  moiecuie 
To  estimate  the  proportion  of  alkah  in  a  commercial  sanmle  a 
weighed  portion  of  the  substance  is  dissolved  in  water V^oM) 

b^f  SflflSr818  added ; the  standard  acid  is  ****  s 

burette,  until  the  first  permanent  appearance  of  a  light  red  colour  ■ 
and  the  volume  of  acid  employed  is  read  off.  Each  cubic  centi' 
meter  0f  acid  corresponds  to  1  milligram-molecule  of  alkah  or 
1  half-milbgram-molecide  of  alkabne  carbonate ;  i.e.,  to  0-053 >  Sam 
K        nnS0nate'  Na2C°3'   °'069  ^am  P°tassium  carbonate 

5ves  the  amn iFT  ™oma- NH3;  and  a  simple  proportion 
foo  6-q •  Z  I  }  I-  °r  aUiabne  donate  present  (e.g., 
100  .  6  9  :  :  number  of  cubic  centimeters  employed  -  potassium 

moiecuie  fe. jr.,  6  9  grams  m  the  case  of  potassium  carbonite  W 

ffiT  Carbonate>  ^ calcrSonTs Tsaved-  for 

as  this  amount,  if  present,  would  require  100  cubic  centimeters  of 

required  at  once  mdicates  the  percentage  of  alkaline  carbonate 
Eslhe  ffilK^iCeQ?mSier8J  80  that  b?  oP^ati^  on  50 

«SK&  !.,?X^fXan^r^!if,!,,'«  tbe  aIkali  -i'l.  the 
distinct  1  ',1  eri°  add  the,ac,d  tiU  litmus  assumes  , 
a  smaU  exce  s 75  i  in"'  hea  the  so,1,,j""  to  b°*ng,  and  add 
tio"  i  S  from  ,  centimeters)  of  acid.    The  hot  solu- 

through  it  with  *  i  7T  aciQhy  agitation  and  by  drawing  air 
Bolut S  1  f  V'n  ' ;  an^.then  ^utwlised  with  a  standard 
datura™  ll  cuh  n  ^  "ft  "Meters  of  which  exactly 
jiNtn  ,,'     •  *eni  "I  the  standard  acid)  till  the  cokWr 

bom  neSitp  T  £  lue;   Seethe  acid   I  alkaline  solu- 

.1?™  ,    ,   ach  "lll"r  TOlmne      volume,  it  is  only  necessary 
6  molecul1"-  weight  of  sulphuric  acid,  H>J0j,  is  98=2+82+4  .  16  ' 
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to  deduct  the  number  of  cubic  centimeters  employed  of  the  latter 

distinctly  marked  than  that  from  one  shade  ol.r?i^p^fia,k 
The  standard  solution  of  caustic  soda  must  be  kept  m  a  flask, 
into  th cork  of  which  is  inserted  a  calcium,  chloride  ube  filled 
SlS  of  sodium  sulphate  and  quicklime  wluch  ft ec- 
tuallv  prevents  the  absorption  of  carbonic  acid.  If  the  burette  be 
T similar  tube,  the  soda  solution  may  remam  in  it  for 

^The  "alkalimeter"  or  "burette"  is  a  glass  tube  (fig.  137)  closed 
The    afkatimeter  ^  &  Q   hp   t  ^ 

fl*  13,  he'afia  marked  with  any  convenient  scjde  of tequal 

narta  o-enerally,  as  above  mentioned,  into  100  natf 
^         cubic  HSKa*    A  strip  of  paper  is  pasted  on  the 
it  and  suffered  to  dry,  after  which  Je— ^ 
Graduated  by  coimterpoismg  it  in  a  neaily  upiignt 
^hiont  xL  pan  of 'a  balance  of  moderate  dehcacy, 
and  weio-hins?  into  it,  m  succession  5  10,  16,  ^0,  «c, 
™  of  distilled  water  at  4°  C.  until  the  whole  quan- 
titT  amounting  to  50  grams  (50  cubic  centimeters) 
S  W  iodlced,  the  level  of  the  watomjtate 
beins  after  each  addition,  carefully  marked  with  a  pen 
unon 'the  Jrip  of  paper,  while  the  tube  is  held  quite 
uEht  and  the  mark  made  between  the  top  and 
SS^X  curve  formed  by  the 
The  smaller  divisions  of  the  scale,  of  a  halt  cubic  cenu 
me  er  eS  may  then  be  made  by  dividnig  wit h  com- 
passes each  of  the  spaces  into  ten  equal  part*  When 
the  graduation  is  complete,  and  the  operator  is  sattsflett 
with  its  accuracy,  the  marks  may  be  transferred  to  the 
She    seKv  a  sharp  file,  and  the  paper  removed  by 
H  f  K  warS  water  P  The  numbers  are  sera tehed  aa 
the  glass  with  the  hard  end  of  the  same  file,  or  *  ith a 
cbamond.    Or  the  glass  is  covered  with  etching  wax  the  soale 
upon  it  with  a  fine  needle  point  and  the  marks  etched  by 
posing1  the  tube  to  the  vapour  of  hydrofiu gicacg.         fom  of 
The  Skalimeter,  represented  m  fg'/3^.™^  is  how. 
this  instrument.    The  pouring  out  of  minute  quan tiUeb  n 

CriT U  ■»«.    ™8  kind  of  faSrtte,  whiob  »  «  G» 

Sslres  goTo  ^imperial  gallon,  and  8750  to  a  pmt. 
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rAissac's,  is  chiefly  used  in  France.  The  liquid  may  be  very  con 
-eruently  poured  from  it ;  hut  it  is  rather  easily  broken,  so  that 


Fig.  138. 


Fig.  139. 


Fig.  140. 


its  manipulation  requires  a  good^deal  of  care.    This  defect  is 
Teat  7  obvaated  m  the  burette,  fig.  139,  in  which  the  graduated 

hne  "  Pnrr°fi  1  ^  ^  5?  ^  t0p'  there  be"'g  at  the  same 
tune  an  orifice  for  pouring  111  the  liquid. 

Ontw7  elT-g-nt  inst,rmnent  has  he™  contrived  by  Dr.  Mohr  of 
Ublentz.    It  is  a  graduated  tube,  drawn  out 
at  one  end  to  a  point,  to  which  is  attached,  by  Fig.  hi. 

means  of  a  narrow  vulcanised  caoutchouc 
tube,  a  short  glass  tube,  likewise  drawn  out 
<y  point  (fig.  140).  There  is  a  small  space 
£«rat  finch)  between  the  two  tubes,  upon 
wmch  is  fixed  a  metallic  clamp,  a,  represented 
Us  actual  dimensions  in  fig.  141  This 
■jtomp  shuts  off  the  connection  between  the 
g™ated  cylinder  and  the  small  glass  tube. 

thfiiL  ",  "s  clamP'  lL  °Pens,  and  allows 
is  •»  flow  out  of  the  lower  tube.  It 

Sn2enfrthM  by  thi8  arrangement  the 
m™'t<   liquid  maybe  regulated  with  the  greatest  nicety. 
« •w .o  ten  desirable,  m  the  analysis  of  carbonates,  to  determine 
•   y  the  proportion  of  carbonic  acid:  the  following  metkocU 
*  vc  V(!ry  exact  results :— 
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A  small  light  glass  flask  of  three  or  tour  ounces  capacity 
with  lipped  edge,  is  chosen,  and  a  cork; 
fitted  to  it.    A  piece  of  tube  about  three, 
inches  long  is  drawn  out  at  one  extremity, 
and  fitted,  by  means  of  a  small  cork  and  a 
bit  of  bent  tube,  to  the  cork  of  the  flask. 
This  tube  is  filled  with  fragments  of  calcium 
chloride,  prevented  from  escaping  by  a  little 
cotton  at  either  end:  the  joints  are  seemed 
by  sealing  wax.    A  short  tube,  closed  at  one 
extremity,  and  small  enough  to  go  mto  the 
flask  is  also  provided,  and  the  apparatus  is 
complete    Fifty  grams  of  the  carbonate  to  be  examined  are  care- 
fulTweighed  out  and  introduced  into  the  flask,  together  with  a 
Utile  water;  the  small  tube  is  then  filled  with  oil  ot  vitriol,  and 
placed  in  the  flask  in  a  nearly  upright  position,  aud  leaning  against 
its  sides  in  such  a  manner  that  the  acid  does  not  escape,  Ihe 
cork  and  calcium  chloride  tube  are  then  adjusted,  and  the  whole 
apparatus  is  accurately  counterpoised  on  the  balance    This  done 
the  flask  is  slightly  inclined,  so  that  the  oil  of  vitriol  may  slow  h 
mix  with  the  other  substances  and  decompose  the  carbonate  the  gas 
from  which  escapes  in  a  dry  state  from  the  extremity  of  the  tube. 
When  the  action  has  entirely  ceased,  the  liquid  is  heated  until  it 
boils,  and  the  steam  begins  to  condense  in  the  drying  tube  ;  it  is 
then  left  to  cool,  and  weighed,  when  the  loss  indicates  the  quantity 
of  carbon  dioxide.    The  acid  must  be  in  excess  after  the  experi- 
ment.   When  calcium  carbonate  is  thus  analysed,  hydrochloric 
acid  must  be  substituted  for  the  sulphuric  acid. 

Instead  of  the  above  apparatus,  a  neat  arrangement  may  be  used 

which  was  first  suggested  by  Will  and 
Fresenius.  It  consists  of  two  small 
glass  flasks,  a  and  b,  the  latter  being 
somewhat  smaller  than  the  former. 
Each  of  the  flasks  is  provided  with  a 
doubly  perforated  cork.  A  tube,  open 
at  both  ends,  but  closed  at  the  upper 
extremity  by  means  of  a  small  quan- 
tity of  wax,  passes  through  the  corkot 
a  to  the  very  bottom  of  the  flask, 
whilst,  a  second  tube,  reaching  to  the 
bottom  of  b,  establishes  a  communica- 
tion between  the  two  flasks.  The  cork 
of  b  is  provided,  moreover,  with  a 
short  t  ul  .e.  d.  In  order  to  analyse  a  car- 
bonate, a  suitable  quantity  (fifty  -rains)  is  put  into  a  togethor  wittt 
some  water,  b  is  half  filled  with  concentrated  sulphuric  acid,  fcne 
n^mintus  tightly  fitted  and  weighed.  A  small  quantity  ot  an 
Sucked !out  of  Bask  b  by  means  of  the  tube  d,  whereby  the 
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an  in  a  is  likewise  rarefied.  On  allowing  the  air  to  return  a 
quantity  of  the  sulphuric  acid  ascends  to  the  tube  c,  and  Hows  over 
into  flask  a,  causing  a  disengagement  of  carbon  dioxide,  which 
escapes  at  d,  after  having  been  perfectly  dried  by  passing  through 
the  bottle  B.  This  operation  is  repeated  until  the  whole  of  the 
carbonate  is  decomposed,  and  the  process  is  terminated  by  openino- 
the  wax  stopper,  and  drawing  a  quantity  of  air  through  the 
apparatus.  _  The  apparatus  is  now  re-weighed.  The  difference  of 
the  two  weighings  expresses  the  quantity  of  carbon  dioxide  in  the 
compound  analysed. 

J°l  IU\Sulp^te,  Na2SO410H2O,  commonly  called  Glauber', 
salt  is  a  by-product  in  several  chemical  operations  and  an  mter- 

rWrf  lPr°+  Ct  m,  the  mauufacture  of  the  carbonate  as  above 
described:  it  may  of  course  be  prepared  directly,  if  wanted  pure 
by  adding  dilute  sulphuric  acid,  to  saturation?  to  a  solution  of 
sodium  carbonate  It  crystallises  in  forms  derived  from  an  oblique 
rhombic  prism:  the  crystals  contain  10  molecules  of  water,  are 
efflorescent  and  undergo  watery  fusion  when  heated,  like  those 
of  the  carbonate  :  they  are  soluble  in  twice  their  weight  of  cold 
water  and  rapidly  increase  in  solubility  as  the  temperature  of  the 
liquid  rises  to  33°,  at  which  point  a  maximum  is  reached  100 

to  52  parts  anhydrous  sodium  sulphate.    When  the  salt  is  heated 

fct,tVr?'  'h\S0h^y  and  a  portion  of 

sulphate  is  deposited.    A  warm  saturated  solution,  evaporated  at 
a  high  temperature  deposits  opaque  prismatic  crystals  which 
Minif6  a  W  bitter  Lte  'aldt 

(Stenham.  SpnngS  SOmetimes  contain  ^  as  that  at 

&SwnfffcWe'  or  Add  Sodium  Sulphate, 
lhafoflol  ??.     Naf?4.H2S04.3H20,  commonly  called W 

neutraf  AZFTt  /  •  g-  ^  10  Parts  of  the  anhydrous 
neutral  sulphate  7  of  oil  of  vitriol,  evaporating  the  whole  to 
byn  ss  and  gently  i gniting.  The  acid  sulphate  is  ver? soluble 
SJSSiSJ  hpntpd  a+Vi  paction.  It  is  not  deliquescent  When 
3  and  feci  tlf  fUSed         K'V,'S  UP  anhydrous  sulphuric 

%  'i  ;  ™  neutral  ^Pbatej  a.  change  whirl,  necessarily 
N''Eo,S(fl     P  fon,mt,on  of  an  anhydro-bisulphate, 

'i.-o;;;;!si;;j^r,'sn;,,mTK'  ^f>,-™»  ^  *  produced  i,v  .he 

£  2:  •  l'  T  'T  H,,,I'llile'  Ni*S()T  [ts  l""l-a- 
soluble  f, ™ I  been?e!cr*bedfp.204  .  Et  crystallises  in  needles 
st  ,  rter  "»d  ",'  v'",k  spirit,  the  solution  exhibiting 
Soil  in  fimg  -and  n"lnri"-  Properties.  The  crystals,  wheii 
oSrinn  ""'  "1  ""'  "misl  8tate»  raP^ly  become  hot  Irian 

thios  p  '  t'  ]m'V    y   y  Vhich  fcWs  salt  is  distinguished  iron,  the 
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Sodium  Thiosulphate,  Na2S203,  io™erly  called J^omlpM e. 
This  salt  is  formed  from  the  sulphite,  Na2S03,  by  addition  of  sul- 
phur There  are  several  modes  of  procuring;  it.  One  ol  the  best 
is  to  form  neutral  sodium  sulphite,  by  passing  a  stream  ol  well- 
washed  sulphurous  oxide  gas  into  a  strong  solution  of  sodium  car- 
bonate, and  then  digesting  the  solution  with  sulphur  at  a  gentle 
K  during  several  days."  By  careful  evaporation  at  a  moderate 
temperature,  the  salt  is  obtained  in  large  regular  crystals,  which 
aTvery  soluble  in  water.  It  is  used  in  considerable  quantities 
for  photographic  purposes,  and  as  an  antichlore. 

Sodium  Phosphates.— The  composition  and  chemical  relations 
of  these  salts  have  already  been  explained  in  speaking  ol  the 

^tol^tXXe,  or  Disodic  Diphosphate;  Co— 
Tribasic  Phosphate,  Na2HP04.12H20.-This  salt  is  prepared  by 
precipitating  the  acid  calcium  phosphate  obtained  in  decomposing 
DoneSsh  with  sulphuric  acid,  with  a  slight  excess  of  sodium  car- 
nate,  and  evaporating  the  clear  liquid.  It  crystaUises  moM 
rhombic  prisms  which  are  efflorescent.  The  crystals  dissolve  m 
4  parts  of  cold  water,  and  undergo  the  aqueous  fusion  when  heated. 
The  salt  is  bitter  and  purgative;  its  solution  is  alkahne  to  test- 
paper.  Crystals  containing  7  molecules  of  water,  and  having  a 
form  different  from  that  above  mentioned  have  been  obtained 

Atrisodic  orthophosphate,  sometimes  called  subphosphate, 
12H90,  is  obtained  by  adding  a  solution  of  caustic  soda  to  the  pie- 
ceding  salt.  The  crystals  are  slender  six-sided  pnsms  soluble  rj 
five  parts  of  cold  water.  It  is  decomposed  by  acids,  even  caiboni  , 
but  suffers  no  change  by  heat,  except  the  loss  of  its  water  of  c rgj 
tallisation.  Its  solution  is  strongly  alkaline  M onosod,  cor  tho- 
phosphate,  NaH2P04.H20,  often  called  superphosphate  or  ™pk°g 
phate,  may  be  obtained  by  adding  phosphoric  acid  to  the  oidn 1a  rj 
phosphate,  until  it  ceases  to  precipitate  barium  chloride,  and  expos- 
ing the  concentrated  solution  to  cold.  The  crystals  are  P™niata| 
very  soluble,  and  have  an  acid  reaction.  When  strongly  heated, 
this  salt  becomes  changed  into  monobasic  sodium  phosphate,  01 
metaphosphate.  mi  c„l 

Soclium,  Ammonium,  and  Hydrogen  Phosphate;  Phosphonis  baM, 
Microcosrnic  Salt,  Na(NH4)HPO  4H20.-Six  parte  of  common 
soclium  phosphate  are  heated  with  parts  ol  water,  until  he  w  noie 
is  liquefied,  and  one  part  of  powdered  sal-ammoniac  is  added ;  com- 
mon salt  then  separates,  and  may  be  removed  by  a  filter;  and  from 
the  solution,  duly  concentrated,  the  microcosrnic  salt  is  deposireu 
in  prismatic  crystals,  which  may  he  purified  by  one  ortwo  re-crys- 
tallisations. Microcosrnic  salt  is  very  soluble.  When  gentn 
heated  it  parts  with  its  4  molecules  of  crystallisation-water,  a  , 
aTKer  temperature,  the  basic  hydrogen  is  likewise  expeUed 
Z  water  together  with  ammonia,  and  a  very  fusible  compound, 
s  diui ^  metaphosphate,  remains,' which  is  valuable  as  a  Dux  B> 
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blow-pipe  experiments.  Microcosmic  salt  occurs  in  decomposed 
urine. 

Tetrasodic  Phosphate  or  Sodium  Pyrophosphate,  Na4P2O7.10H2O, 
is  prepared  by  strongly  beating  common  disodic  orthophosphate, 
dissolving  tbe  residue  in  water,  and  re-crystallising.  The  crystals 
are  very  brilliant,  permanent  in  tbe  air,  and  less  soluble 
than  tbe  original  phosphate  :  their  solution  is  alkaline.  A 
sodiohijdric  pyrophosphate  has  been  obtained;  but  it  does  not 
Crystallise. 

Monosodic  Phosphate  or  Sodium  Metaphosphate,  NaP03,  is 
obtained  by  heating  either  the  acid  tribasic  phosphate,  or  micro- 
cosmic  salt.  It  is  a  transparent  glassy  substance,  fusible  at  a  dull 
red  heat,  deliquescent,  and  very  soluble  in  water.  It  refuses  to 
crystallise,  but  dries  up  into  a  gum-like  mass. 

If  this  glassy  phosphate  be  cooled  very  slowly,  it  separates  as  a 
beautifully  crystalline  mass.  It  may  be  purified  by  means  of 
boiling  water  from  the  vitreoits  metaphosphate,  which  will  not 
crystalhse.  Another  metaphosphate  has  been  obtained  by  addmg 
sodium  sulphate  to  an  excess  of  phosphoric  acid,  evaporating,  and 
heating  to  upwards  of  315°.  Possibly  these  several  metaphospbates 
may  be  represented  by  the  formulae  NaP03,  Na,P20G,  and 
Na3P30g.^ 

The  tribasic  phosphates,  or  orthopbosphates,  give  a  bright  yellow 
precipitate  with  solution  of  silver  nitrate ;  the  bibasic  and  mono- 
basic phosphates  afford  white  precipitates  with  the  same  substance. 
The  salts  of  the  two  latter  classes,  fused  with  excess  of  sodium 
carb<  mate,  are  converted  into  orthopbosphate. 

Respecting  the  phosphates  intermediate  in  composition  between 
the  metaphosphate  and  pyrophosphate  of  sodium,  discovered  by 
ileitmann  and  Henneberg,  see  page  321. 

Sodium  Borates.— Tbe  neutral  borate  or  metaborate,  NaB02,  or 
•Na.(O.B203,  is  formed  by  fusing  common  borax  and  sodium  car- 
bonate m  equivalent  proportions,  and  dissolving  tbe  mass  in  water. 
It  forms  large  crystals  containing  NaBO,.3H20. 

The  Anhydroborate,  Biborate,  or  Borax,  2NaI3O2.BgO3.10H2O  = 
«a,O.2B2O3.10H2O,  occurs  in  the  waters  of  certain  lakes  in  Thibet 
and  Persia:  it  is  imported  in  a  crude  state  from  the  East  Indies 
Onaer  the  name  of  tincal.  When  purified  it  constitutes  the 
°orax  oi  commerce.  Much  borax  is  now,  however,  manufactured 
"""  the  n.atlve  D°ric  acid  of  Tuscany,  also  from  a  native  calcium 
oorate  called  hayesine,  which  occurs  in  southern  Peru.  Borax 
crystallises  m  six-sided  prisms,  which  effloresce  in  dry  air,  and 
squire  20  parts  of  cold,  and  6  of  boiling  water  for  solution. 
'^a posed  to  beat,  the  10  molecules  of  water  of  crystallisation  are 
"Pelled,  and  at  a  higher  temperature  the  salt  fuses,  and  assumes 
"glassy  appearance  on  cooling:  in  this  state  it  is  much  used  for 
wow-pipe  experiments,  the  metallic  oxides  dissolving  in  L1  to  trans- 
parent beads,  many  of  which  are  distinguished  by  characteristic 
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colours.  By  particular  management,  crystals  of  borax  can  be 
obtained  with  5  molecules  of  water :  they  are  very  bard,  and  per- 
manent in  tbe  air.  Borax,  though  by  constitution  an  acid  salt, 
has  an  alkaline  reaction  to  test-paper.  It  is  used  m  the  arts  lor 
soldering  metals,  its  action  consisting  in  rendering  the  surfaces  to 
be  joined,  metallic,  by  dissolving  the  oxides,  and  it  sometimes 
enters  into  the  composition  of  the  glaze  with  which  stoneware  is 
covered. 

Sodium  Sulphide,  Na2S,  is  prepared  in  the  same  manner  as 
potassium  monosulphide  ;  it  separates  from  a  concentrated  solution 
in  octahedral  crystals,  which  are  rapidly  decomposed  by  contact 
with  the  air  into  a  mixture  of  sodium  hydrate  and  thiosulphate. 
It  forms  double  sulphur-salts  with  hydrogen  sulphide,  carbon 
bisulphide,  and  other  sulphur-acids. 

Sodium  sulphide  is  supposed  to  enter  into  the  composition  ol 
the  beautiful  pigment  ultramarine,  which  is  prepared  from  the 
lapis  lazuli,  and  is  now  imitated  by  artificial  means.  An  intimate 
mixture  of  37  kaolin,  15  sodium  sulphate,  22  sodium  carbonate, 
18  sulphur,  and  8  charcoal,  is  heated  from  twenty-four  to  thirty 
hours  in  large  crucibles.  The  product  thus  obtained  is  again 
heated  in  cast-iron  boxes  at  a  moderate  temperature  till  the 
required  tint  is  obtained.  After  being  finely  pulverised,  washed, 
and  dried,  it  constitutes  commercial  ultramarine.,  The  composition 
of  this  colour  varies,  and  its  true  constitution  is  not  known. 

There  is  no  good  precipitant  for  sodium,  all  its  salts  being  very 
soluble,  with  the  exception  of  the  metantimonate,  which  is  pre- 
cipitated on  mixing  a  solution  of  a  sodium  salt  with  a  solution  ot 
potassium  metantimonate;  the  use  of  this  reagent  is,  however, 
attended  with  some  difficulties.  The  presence  of  sodium  is  olten 
determined  by  negative  evidence.  The  yellow  colour  imparted 
by  sodium  salts  to  the  outer  flame  of  the  blow-pipe,  and  to  com- 
bustible matter,  is  a  character  of  considerable  importance,  lae 
spectral  phenomena  exhibited  by  sodium  compounds  are  mentioned 
on  page  69. 
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The  ammonia  sails  are  most  conveniently  studied  in  this  place, 
on  account  of  their  close  analogy  to  those  of  potassium  and  sodium. 
These  salts  are  formed  by  the  direct  union  of  ammonia,  NH3,  witjj 
acids,  and  as  already  pointed  out  (p.  158),  they  may  be  regarded 
as  compounds  of  acid  radicals,  CI,  N03,  S04,  &c,  with  a  basylojM 
radical,  NH,,  called  ammonium,  which  plays  m  these  salts  urn 
same  part  as' potassium  and  sodium  in  their  respective  compounds; 
thus : — 
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NH3 

+ 

HC1 

NH4.C1 

Ammonia. 

Hydrochloric 
acid. 

Ammonium 
chloride. 

NH3 

1 

1 

HN03 

NH4.NO, 

Ammonium 
nitrate. 

Nitric 
acid. 

NH3 

+ 

H2S04 

Sulphuric 
acid. 

NH4.H.S04 

Acid  ammonium 
sulphate. 

2NH3 

+ 

H2S04 

(NH4)2.S04. 

Neutral  ammonium 
sulphate. 

The  radical  NH4  is  not  capable  of  existing  in  the  free  state,  inas- 
much as  it  contains  an  uneven  number  of  monad  atoms  :  it  is  simply 
the  residue  which  is  left  on  removing  the  atom  of  chlorine  from 
the  saturated  molecule  N"H4C1.    Whether  the  double  molecule 
NH4 

N2H8,  or  I    ,  has  a  separate  existence,  is  a  different  question 
NH4 

Ammonium  is  said,  indeed,  to  be  capable  of  forming  an  amalgam 
with  mercury ;  but  even  in  this  state  it  is  quickly  resolved  into 
ammonia  and  free  hydrogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened 
potassium  hydrate,  and  connected  with  the  negative  side  of  a  vol- 
taic battery  of  very  moderate  power,  the  circuit  being  completed 
through  the  platinum  plate  upon  which  the  alkali  rests,  decom- 
position of  the  latter  takes  place,  and  an  amalgam  of  potassium  is 
rapi<  ly  formed.    If  this  experiment  be  now  repeated  with  a  piece 
ol  sal-ammomac  instead  of  potassium  hydrate,  a  soft,  solid,  metal- 
line muss  is  also  produced,  which  has  been  called  the  ammoniacal 
amalgam,  and  considered  to  contain  ammonium  in  combination  of 
mercury.    A  simpler  method  of  preparing  this  compound  is  the 
"Wowing:  A  little  mercury  is  put  into  a  test-tube  with  a  grain 
w  two  ol  potassium  or  sodium,  and  gentle  heat  applied ;  combina- 
nom  ensues,  attended  by  beat  and  light.    When  cold,  the  fluid 
™aigam  is  put  into  a  capsule,  and  covered  with  a  strong  solution 
?  8al-ammoniac.     The  production  of  an  ammoniacal  amalgam 
distantly  commences,  the  mercury  increasing  prodigiously  in  vol- 
<  ><\  and  becoming  quite  pasty.    The  increase  of  weight  is,  bow- 
ever  quite  trifling:  it  varies  Iron,  rBW  to  T^  part.    Left  to 
mi  amalgam  quickly  decomposes  into  fluid  mercury,  am- 

l01,1'1' hydrogen.  It  is  most  probable,  indeed,  that  the  so-called 
;  »  gam  may  be  nothing  more  than  mercury  which  has  absorbed 
quantity  of  Aese  gases;  just  as  silver,  when  heated  too 
nigh  temperature,  is  capable  of  taking  up  about  twenty  times 

volume  ol  oxygen  gas,  which  it  gives  up  again  on  cooling* 
'  See  Watts's  Dictionary  of  Chemistry,  Supplement,  p.  718. 
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But  whether  ammonium  has  any  separate  existence  or  not,  it 
is  quite  certain  that  many  ammoniacal  salts  are  isomorphous 
with  those  of  potassium;  and  if  from  any  two  of  the  corre- 
sponding salts,  as  the  nitrates,  KN03  and  NH4N03,  we  subtract 
the  radical  NO.  common  to  the  two,  there  remain  the  metal  K 
and  the  group  NH4,  which  are,  therefore,  supposed  to  he  isomor- 
phous. 

Ammonium  Chloride,  Sal-ammoniac,  NH4Clor  NH3.HCL— 
Sal-ammoniac  was  formerly  obtained  from  Egypt,  being  extracted 
by  sublimation  from  the  soot  of  camels'  dung :  it  is  now  largely 
manufactured  from  the  ammoniacal  liquid  of  the  gas-works  and 
from  the  condensed  products  of  the  distillation  of  bones,  and  other 
animal  refuse,  in  the  preparation  of  animal  charcoal.  _ 

These  impure  and  highly  offensive  solutions  are  treated  with  a 
slight  excess  of  hydrochloric  acid,  by  which  the  free  alkali  is 
neutralised,  and  the  carbonate  and  sulphide  are  decomposed,  wi  Ji 
evolution  of  carbonic  acid  and  sulphuretted  hydrogen  gases,  lhe 
liquid  is  evaporated  to  dryness,  and  the  salt  carefully  heated  to 
expel  or  decompose  the  tarry  matter;  it  is  then  purified  by  subh, 
mation  in  large  iron  vessels  lined  with  clay,  surmounted  with 
domes  of  lead.  .         ,  , 

Sublimed  sal-ammoniac  has  a  fibrous  texture ;  it  is  tough  and 

difficult  to  powder.  , 
When  crystallised  from  water,  it  separates,  under  favourab  e 
circumstances,  in  distinct  cubes  or  octahedrons ;  but  the  crystals 
are  usually  smaU,  and  aggregated  together  in  rays.  It  has  a  sharp 
saline  taste,  and  is  soluble  in  2£  parts  of  cold,  and  m  a  much  smaller 
quantity  of  hot  water.  By  heat,  it  is  sublimed  without  decom- 
position. The  crystals  are  anhydrous.  Ammonium  chloride  lonns 
double  salts  with  the  chlorides  of  magnesium,  nickel,  cobalt,  man- 
ganese, zinc,  and  copper. 

Ammonium  Nitrate,  (NH^NOg,  is  easily  prepared  by  adding 
ammonium  carbonate  to  slightly  diluted  nitric  acid  until  neutral- 
isation has  been  reached.  By  slow  evaporation  at  a  moderate  tem- 
perature it  crystallises  in  six-sided  prisms,  like  those  of  potassium 
nitrate ;  but,  as  usually  prepared  for  making  nitrogen  monoxide, 
by  quick  boiling  until  a  portion  solidifies  completely  on  cooling,  W 
forms  a  fibrous  and  indistinct  crystalline  mass. 

Ammonium  nitrate  dissolves  in  two  parts  of  cold  water,  produc- 
ing considerable  depression  of  temperature  ;  it  is  but  feebly  deli- 
quescent, and  deflagrates  like  nitre  on  contact  with  heated  com- 
bustible'  matter.  Its  decomposition  by  heat  has  been  already 
explained  (p.  153). 

Ammonium  Sulphate,  (NH.1)2S04 .-Prepared  by  neutralising 
ammonium  carbonate  with  sulphuric  acid,  or  on  a  large  scale,  mi 
'use  as  a  manure,  by  adding  sulphuric  acid  in  excess  to  the  coai- 
cras  liquor  just  mentioned,  and  purifying  the  product  by  suitaou 
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means.  It  is  soluble  in  2  parts  of  cold  water,  and  crystallises  in 
long,  flattened,  six-sided  prisms.  It  is  entirely  decomposed  and 
driven  off  by  ignition,  and,  even  to  a  certain  extent,  by  long 
boiling  with  water,  ammonia  being  expelled  and  the  liquid 
rendered  acid. 

Ammonium  Carbonates.— There  are  three  definite  carbonates 
ot  ammonia,  the  composition  of  which  are  as  follows  : — 

Normal  or  diammonic  carbonate,  (NH4)2C03.  H20 

Acid  or  ammonio-hydiic  carbonate,  (NH^HCOg 

Half-acid,  or  tetrammonio-dihycbic  )  /yjTy  s  TJ-  /ri„  *   TT  _ 

carbonate,  }  (NH^H^COgV  H20. 

(1.)  The  normal  carbonate  is  prepared  by  addition  of  ammonia 
t°  one  of  the  acid  salts,  or  of  water  to  the  carbamate  of  ammonia, 
c  v1^  347^'  with  certain  special  precautions,  the  description 
of  which  is  too  long  for  insertion  in  this  work,  to  prevent  the  escape 
ot  a  portion  of  the  ammonia.  It  crystallises  in  elongated  plates 
or  flattened  prisms,  having  a  caustic  taste,  a  powerful  ammoniacal 
odour,  and  easily  giving  off  ammonia  and  water,  whereby  they 
are  converted  into  the  acid  carbonate : 

(NH4)2C03.H20  =  NH3  +  H20  +  (NH4)HC03. 

(2.)  Ammonium  and  Hydrogen  Carbonate,  or  Mono-ammonia  Car- 
bonate, (NH4)HC03,  commonly  called  Bicarbonate,  or  Acid  carbo- 
nate of  ammonia.— This  salt  is  obtained  by  saturating  an  aqueous 
solution  of  ammonia,  or  of  the  half-acid  carbonate,  with  carbonic 
and  gas  ;  or  by  treating  the  finely  pounded  half-acid  carbonate  with 
strong  alcohol,  which  dissolves  out  normal  or  diammonic  carbonate 
leaving  a  residue  of  the  mono-ammonic  salt.  Cold  water  may  be 
used  instead  of  alcohol  for  this  purpose;  but  it  dissolves  a  larger 
quantity  of  the  mono-ammonic  carbonate.  All  ammonium-carbo- 
nates when  left  to  themselves  are  gradually  converted  into  mono- 
ammonic  carbonate.  This  salt  forms  large  crystals  belonging  to 
me  tnmetnc  system.  According  to  Deville  it 'is  dimorphous,  but 
never  isomorphous  wit.1i  nionopotassie  carbonate  ;  when  exposed  to 
uie  air,  it  volatilises  slowly,  and  gives  off  a  faint  ammoniacal  odour. 
"  mssolves  m  8  parts  of  cold  water,  the  solution  decomposing 
graciua  y  at  ordinary  temperatures,  quickly  when  heated  above 
o  with  evolution  of  ammonia.  It  is  insoluble  in  alcohol,  but 
wnen  exposed  to  the  air,  under  alcohol,  it  dissolves  as  norma] 
carbonate,  evolving  carbon  dioxide. 

It  has  been  found  native  in  considerable  quantity  in  the  deposits 
,  °"  Ul(;  western  coast  of  Patagonia,  in  white  crystalline 

passes  navmg  a  strong  ammoniacal  odour. 

«  n'l  /'/';"'." ydric  Carbonate,  N„HlgO,O0  =  (Nil,),!!, 
.;):..  -  I  hiMsa.lt,  also  called  half -acid  carbonate,  or  sesqwi-carbonah 
"J  "rnmonia,  contains  the  elements  of  I  molecule  of  diammonic 
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and  2  molecules  of  mono-ammonic  carbonate,  into  which  it  is,  in 
fact,  resolved  by  treatment  with  water  or  alcohol : 

(NH4)4H2(C03)3  =  (NH4)2C03  +  2(NH4)HC03. 
It  is  obtained  by  dissolving  the  commercial  carbonate  in  strong 
aqueous  ammonia,  at  about  30°,  and  crystallising  the  solution. 
It  forms  large  transparent  rectangular  prisms,  having  their  sum- 
mits truncated  by  octohedral  faces.  These  crystals  decompose 
very  rapidly  in  the  air,  giving  off  water  and  ammonia,  and  being 
converted  into  mono-ammonic  carbonate. 

Commercial  carbonate  of  ammonia  (sal  volatile,  salt  of  harts- 
horn) consists  of  half-acid  carbonate  more  or  less  mixed  with  car- 
bamate. It  is  prepared  on  the  large  scale  by  the  dry  distillation  ot 
bones,  hartshorn,  and  other  animal  matter,  and  is  punned  from 
adhering  empyreuinatic  oil  by  subliming  it  once  or  twice  with 
animal  charcoal  in  cast-iron  vessels,  over  which  glass  receivers  are 
inverted.  Another  method  consists  in  heating  to  redness  a  mixture 
of  1  part  ammonium  chloride  or  sulphate,  and  two  parts  calcium 
carbonate  (chalk),  or  potassium  carbonate,  m  a  retort  to  which  a 
receiver  is  luted.  . 

An  elaborate  description  of  the  carbonates  of  ammonia  has  been 
published  by  Dr  Divers*  to  whom  is  due  the  discovery  ot  the 
normal  ammonium  carbonate. 

Ammonium  Sulphides.— Several  of  these  compounds  exist, 
and  may  be  formed  by  distilling  with  sal-ammomac  the  correspond- 
ing sulphides  of  potassium  or  sodium.  _ 

Ammonium  and  Hydrogen  Sulphide,  or  Ammonium  hulphyarau, 
(NH4)HS,  is  a  compound  of  great  practical  utility ;  it  is  obtained 
by  saturating  a  solution  of  ammonia  with  well-washed  sulphuretted 
hydrogen  gas,  until  no  more  of  the  latter  is  absorbed.  Ihe  solu- 
tion is  nearly  colourless  at  first,  but  becomes  yellow  after  a  time, 
without,  however,  suffering  material  injury,  unless  it  has  been 
exposed  to  the  ah-.  It  gives  precipitates  with  most  metallic  solu- 
tions, which  are  very  often  characteristic,  and  is  of  great  service  m 
analytical  chemistry. 

Ammoniacal  salts  are  easily  recognised ;  they  are  all  decomposed 
or  volatilised  at  a  high  temperature ;  and  when  heated  with  cal- 
cium hydrate  or  solution  of  alkaline  carbonate,  they  give  ott 
ammonia,  which  may  be  recognised  by  its  odour  and  alkaline 
reaction.  The  salts  are  all  more  or  le3s  soluble ;  the  acid  tartrate 
and  the  platinochloride  being,  however,  among  the  least  soluble: 
hence  ammonium  salts  cannot  be  distinguished  from  potassium 
salts  by  the  tests  of  tartaric  acid  and  platinum  solution.  \\  hen  a 
solution  containing  an  ammoniacal  salt,  or  free  ammonia,  is  mixed 
with  potash,  and  a  solution  of  mercuric  iodide  in  ■potassium  iodide 
*  Journal  of  the  Chemical  Society.  1870,  pp.  171-279. 
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is  added,  a  brown  precipitate  or  coloration  is  immediately  produced 
consisting  of  dimerciu'ammonium  iodide,  NHg2"I : 

NH3  +  2Hg"I,  =  NHg"2I  +"3HI. 

This  is  called  Nessler's  test ;  it  is  by  far  the  most  delicate  test  for 
ammonia  that  is  known. 

Amic  Acids  and  Amides. 
Sulphamic  Acid.— When  dry  ammonia  gas  is  passed  over  a 
thin  layer  of  sulphuric  oxide,  S03,  the  gas  is  absorbed,  and  a  white 
crystalline  powder  is  formed,  having  the  composition  N9HrS0, 
that  is,  of  ammonium  sulphate  minus  one  molecule  of  water :— 

N2H6S03  =  (NH4)2S04  -  H20. 

It  is  not,  however,  a  salt  of  sulphuric  acid:  for  its  aqueous  solu- 
tion does  not  give  any  precipitate  with  baryta-water  or  soluble 
barium  salts.  It  is,  m  fact,  the  ammonium  salt  of  sulphamic 
acid,  an  acid  derived  from  sulphuric  acid,  S04H9  or  S09(H0), 
by  substitution  of  the  univalent  radical,  NH,  (p.  251)  for  one 
atom  of  hydroxyl,  HO.  The  formula  of  this  acid  is  SO ,'(NH9)H 
and  that  of  its  ammonium  salt,  S03(NH2)NH4,  or  SO,N9Hj 
Ammonium  sulphamate  is  permanent  in  the  air,  and  dissolves 
without  decomposition  in  water.  Its  solution  evaporated  in  a 
vacuum,  over  oil  of  vitriol,  yields  the  salt  in  transparent  colour- 
less crystals. 

.  The  solution  of  the  ammonium  salt,  mixed  with  baryta-water 

^n'Vtr  Na5Tn1?'-  and  yields  a  solution  of  barium  sulphamate. 
^  yNri9)2rJa  which  may  be  obtained  by  evaporation  in  well 
aehned  crystals;  and  the  solution  of  this  salt,  decomposed  with 
potassium  sulphate,  yields  potassium  sulphamate,  S03NH2K. 

f 'arbamic  AciD.-When  dry  ammonia  gas  is  mixed  with  carbon 
T£  !'  ™xtuye  beinS  kept  cool,  the  gases  combine  in  the 
Potion  of  2  volumes  of  the  former  to  1  volume  of  the  latter 

KM  ai  pUT^'  Ty  volatile  stance,  which  condenses  in 
wmte  Hocks.    This  substance  has  the  composition  C02N2Hr,  that 

Sle  ot  Zt  ;™onu™  carbonate,  CO/NH4)2,  miml  one  °mole- 
,      ."i  water,     [t  exists,  as  already  observed,  in  commercial  car- 
» ;  -  oi  ammonia  (p  346).    It  was  formerly  called  anhydrous 
"  YT~a;        llk"  fche  Preceding  salt,  is  not  really  a 
™Pfte<  but  thearrmioniiim  salt  of  carbamic  acid,  002(NH2)H, 
,i  ,  1  '  "m!"  h cartomc  acid,  C03H„  or  CO(OH)2,  Vj surJsti- 
'   :    "   amidogen,  NH„  for  I  atom  of  hydroxy!.  Ammonium 
„  '  ,";""  ^solves  readily  m  water,  and  quickly  lakes  up  one 
,„„„/"''  "f  ^at  compound,  whereby  it  is  converted  into  normal 
™"u™  frbonate.    When  treated  will,  sulphuric  oxide,  it  is 
Verted  into  ammonium  sulphamate. 

Carbamide,  CON2H4.  -  When  ammonia  gas  is  mixed  wit  h 
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carbon  oxychloride  or  phosgene  gas,  COO*  a  white  crystalline 
powder  is  formed,  having  this  composition  :— 

COCl2  +  2NH3  =  2HC1  +  CON2H4. 
This  compound,  which  is  likewise  formed  in  other  reactions  to  be 
afterwards  considered,  is  derived  from  carbonic  acid,  CO(OH)2,  by 
substitution  of  2  atoms  of  amidogen  for  2  atoms  ol  hyckoxyl  It 
differs  from  carbamic  acid  in  being  a  neutral  substance,  not  con- 
taining any  hydrogen  easily  replaceable  by  metals. 

Other  blbasic  acids  likewise  yield  an  amic  acid  and  a  neutral 
amide  by  substitution  of  1  or  2  atoms  of  amidogen  lor  hydioxyl 
Tribaskacids  yield  in  like  maimer  two  amic  acids  and  one  neutral 
amide,  and  tetrabasio  acids  may  yield  three  amic  acids  and  a  neutral 
amide;  thus,  from l  pyrophosphoric >  acid ^ffifj&^t 
are  obtained  the  three  amic  acids  P206(NH2)H3,  JJ2U5(iiM  ±l2)2a2, 

^MonodScids,  which  contain  but  one  atom  of  hydroxyl,  yield 
bv  this  mode  of  substitution  only  neutral  amides,  110  amic  acids: 
thus  from  acetic  acid,  C2H402  =  C2H3O.HO,  is  obtained  aceta- 

m  The^iSSnkles  may  also  be  regarded  as  derived  from  one 
or  more  molecules  of  ammonia,  by  substitution  of  univalent  or 
multivalent  acid  radicals,  for  hydrogen:  thus,  acetamide  - 
N/"H9(C9H,0);  carbamide  N2H4(CO)",  &c. 

By  similar  substitution  of  metals,  or  basylous  compound  ndioaU 
for  the  hydrogen  of  ammonia,  basic  compounds  called  *™™H 
are  formed.  Thus,  when  potassium  is  gently  heated  m  ammonia 
gas,  monopotassamme,  NH2K,  is  formed.  _  It  is  an  ohye-green  .1  In- 
stance, which  is  decomposed  by  water  into  ammonia  and  potas- 
sium hydrate : — 

NH2K  +  H20  =  NH3  +  KHO. 

It  melts  at  a  little  below  100°,  and  when  heated  in  a  close  vessel, 
is  resolved  into  ammonia  and  tripotassamine: 

3NH2K  =  2NH3  +  NK3. 

The  latter  effervesces  violently  with  water,  yielding  ammonia  awl 
potassium  hydrate : — 

NK3  +  3H20  =  NH3  +  3KHO . 
The  formation  and  properties  of  amides  and  amines  will  be 
further  considered  under  Organic  Chemistry. 

Metallammoniums.— These  are  hypothetical  radicals  derived 
from  ammonium,  N2H8,  by  substitution  of  metals  for  hydwgffl. 
Salts  of  such  radicals  are  formed  in  several  ways.  Ammonia^ 
i      by  various  metallic  salts  in  different  proportions,  to  - 
,;      ni h  rnuls  Bome  of  which  may  be  formulated  as  salts  of  metal- 
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lammoniums.  Thus,  platinum  dichloride,  PtCl2,  absorbs  two  mole- 
cules ol  ammonia,  forming  platosammonium  chloride,  N„H  Pt"  CI  • 
and  platinum  tetrachloride,  Pt"'Cl4,  absorbs  four  molecules  of 
ammonia,  ionmng  platinammonium  chloride,  N4H12Ptiv.  Cl4  In 
like  manner,  cupric  chloride  and  sulphate  form  the  chloride  and 
sulphate  of  cuprammonium.  N2H6Cu".  Cl2  and  N2H6Cu".S04. 

Similar  compounds  are  formed  in  many  cases  by  precipitating 
metallic  salts  with  ammonia  or  ammoniacal  salts :  thus,  ammonia 
added  to  a  solution  of  mercuric  chloride,  HgCl9,  forms  a  white  pre- 
cipitate, consisting  of  dimercurammonium  chloride,  N2H4BV'  CI  • 
and  by  dropping  a  solution  of  mercuric  chloride  into  a  boiling 
solution  of  sal-ammoniac  mixed  with  free  ammonia,  crystals  are 
obtained,  consisting  of  mer  cur  ammonium  chloride,  N2H,HV  CI 
Some  of  these  compounds  will  be  further  considered  in  connection 
with  the  several  metals. 


LITHIUM. 

Atomic  weight,  7  ;  symbol,  Li. 

Lithium  is  found  in  petalite,  spodumene,  lepidolite,  triphylline 
and  a  lew  other  minerals,  and  sometimes  occurs  in  minute  quan- 
tities m  mineral  springs,  The  most  abundant  source  of  it  vet 
discovered  is  the  mineral  water  of  Wheal  Clifford  in  Cornwall  in 
winch  it  exists  to  the  amount  of  61  parts  in  a  million 

The  metal  is  obtained  by  fusing  pure  lithium  chloride  in  a 
small  thick  porcelain  crucible,  and  decomposing  the  fused  chloride 
by  electricity.    It  is  a  white  metal  like  sodium,  and  very  oxidis- 
able    Lithium  fuses  at  180°;  its  specific  gravity  is  059:  it  is 
therefore,  the  lightest  solid  known.  ' 

A  lithium  salt  may  be  obtained  from  petalite  on  the  small  scale 
bj  the  following  process:  The  mineral  is  reduced  to  an  exceedingly 
hue  powder,  mixed  with  five  or  six  times  its  weight  of  pure  cal- 
omm  carbonate  and  the  mixture  heated  to  whiteness,  in  a  platinum 
<  U,  placed  within  a  well-covered  earthen  one,  for  twenty 
■mw fas .  or  half  an  hour.  The  shrunken  coherent  mass  is  digested 
m  dilute  hydrochloric  acid,  the  whole  evaporated  to  drvness 
jndolated  water  added,  and  the  silica  separated  by  a  filter  The 

■  red  ;  ,1,,  ,|,ar  Liquid  ,s  evaporated  to  dryness,  and  gently 

fteaedin  a  platinum  crucible,  to  expel  the  sal-ammoniac ;  and  the 
otv  '    U,f1:"1'  01  vfiol,  gently  ev,M,„mte,l  once  more 

to  dryness,  and  ignited  :  pure  fused  lithium  sulphate  l  hen  remains. 

us  process  wdl  serve  to  give  a.  good  idea,  of  the  general  nature 
«  the  operation  by  which  alkalis  are  extracted  in  mineral  analysis, 

and  their  quantities  determined 
Utltium  hydrate,  LiHO,  is  mud,  less  soluble  in  water  than  the 
.mates  ot  potassium  and  sodium;  the  carbonate  and  phosphate 
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are  also  sparingly  soluble  salts.  The  chloride  crystallises  m  anhy- 
drous cubes  which  are  deliquescent.  Lithium  sulphate  is  a  very 
beautiful  salt;  it  crystallises  in  lengthened  prisms  containing  one 
molecule  of  water.     It  gives  no  double  salt  with  aluminium 

S  The^salts  of  lithium  colour  the  outer  flame  of  the  blow-pipe 
carmine-red.  The  spectral  phenomena  exhibited  by  lithium  com- 
pounds are  mentioned  on  page  69. 


CAESIUM  AND  RUBIDIUM. 

Cs  =  133.  -  Rb  =  85-4. 

The  two  metals  designated  by  these  names  were  discovered  by 
Bunsen  and  Kirchhoff  by  means  of  their  spectrum  apparatus  men- 
tioned on  page  68 :  the  former  in  1860  and  the  latter  m  1861. 
These  metals,  it  appears,  are  widely  diffused  in  nature,  but  always 
occur  in  very  small  quantities ;  they  have  been  detected  m  many 
mineral  waters,  as  well  as  in  some  minerals,  namely,  lithia-miea 
or  lepidolite,  and  petalite;  lately  also  in  felspar  ;  they  have  also 
been  found  in  the  alkaline  ashes  of  beetroot.  The  salt-spring  of 
Durkheim,  which  contains  0-17  part  of  c;esiuni  chloride  m  a 
million  parts  of  water,  was  till  lately  regarded  as  the  richest  source 
of  caesium;  but  from  recent  experiments  by  Colonel  Yorke,  it 
appears  that  the  hot  spring  of  Wheal  Clifford,  already  mentioned 
as  a  source  of  lithium,  contains  1'71  parts  of  caesium  chloride  m  a 
million,  or  0-12  grains  in  a  gallon.  The  best  material  for  the  pre- 
paration of  rubidium,  is  lepidolite,  which  has  been  found  to  contain 
as  much  as  0-2  per  cent,  of  that  metal.  Both  metals  are  closely 
analogous  to  potassium  in  their  deportment,  and  cannot  he  disj 
tinguished  from  that  metal  or  from  one  another,  either  by  reagents 
or  before  the  blow-pipe.  .  J 

Rubidium  and  caesium,  like  potassium,  form  double  salts  witn 
tetrachloride  of  platinum,  which  are,  however,  much  less  soluble 
than  the  corresponding  potassium  salts :  it  is  on  this  property  tuat 
the  separation  of  these  metals  from  potassium  is  based,  llie 
mixture  of  platinochlorides  is  repeatedly  extracted  with  boiling 
water,  when  a  difficultly  soluble  residue,  consisting  chiefly  ot  the 
platinochlorides  of  caesium  and  rubidium,  remains. 

The  hydrates  of  these  metals  are  powerful  bases,  which  attraffl 
carbonic  acid  from  the  air,  passing,  first  into  normal  carbonate,  and 
then  into  acid  carbonate.  Caesium  carbonate  is  s,  iluble  m  absolu  e 
alcohol;  rubidium  carbonate  is  nearly  insoluble  in  that  liquid.* 
this  properly  is  made  use  of  for  the  separation  of  these  two  metals. 
The  chloride  crystallises  in  cubes,  and  is  somewhat  more  soluble 
in  water  than  chloride  of  potassium.  ..    ,  J 

Rubidium  chloride,  when  in  a  state  of  fusion,  is  easily  uecuw- 
*  Journal  of  the  Chemical  Society,  1872,  p.  273. 
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posed  by  the  electric  current;  the  metal  produced  rises  to  the 
surface  and  burns  with  a  reddish  light.    If  this  experiment  be 
performed  in  an  atmosphere  of  hydrogen,  to  prevent  oxidation 
the  separated  metal  is  nevertheless  lost,  dissolving  as  it  does  £ 
the  fused  chloride  which  is  transformed  into  a  subchloride  havine 
the  blue  colour  of  smalt.    Kubidiuin,  when  separated  under  mer- 
cury by  the  electee  current,  forms  a  crystalline  amalgam  of  silvery 
lustre,  which  is  rapidly  oxidised  by  the  ah-,  and  decomposes  watei 
th\ cold     Cffisnun  chloride,  under  the  influence  of  the  electric 
current,  exhibits  exactly  the  same  deportment  as  rubidium  chloride 
Kubichum  is  electro-positive  towards  potassium.     Caesium  is 
electro-positive  towards  rubidium  and  potassium,  and  thus  consti- 
tutes the  most  electro-positive  member  of  the  elements 


SILVER. 

Atomic  weight,  108  ;  symbol,  Ag  (Argentum). 
Silver  is  found  in  the  metallic  state,  as  sulphide,  in  union  with 
sulphide  of  antimony  and  sulphide  of  arsenic,  also  as  chloride 
wdide,  and  bromide    Among  the  principal  silver  mines  may  be 
mentioned  those  of  the  Hartz  mountains  in  Germany,  of  KoLs- 

fehinau?oa  ^nre  particukrly' of  the  A»des>*  ^ 

The  greater  part  of  the  silver  of  commerce  is  extracted  from  ores 
so  poor  as  to  render  any  process  of  smelting  or  fusion  inapplicable 
even  where  fuel  could  be  obtained,  and  this  is  often  difficult  to  be 
procured.  Recourse  therefore,  is  had  to  another  method-thai  of 
a^lgamatwn-foimded  on  the  easy  solubility  of  sdver  and  man v 
other  metals  in  metallic  mercury.  7 

a^he^aigama^ion  process  adoPted  in  Germany— which  differs 
omewhat  from  that  in  use  in  Amercia-is  as  follows:  The  ore  L 
crushed  to  powder,  mixed  with  a  quantity  of  common  salt  and 
toasted  at  a  low  red  heat  in  a  suitable  furnace,  by  Xh  tea hnen 
any -sulphide  of  sdver  it  may  contain  is  converted  mto  chloride 
Th  mixture  of  earthy  matter,  oxides  of  iron  and  copper,  soluble ' 
Jjte,  nlver  chloride,  and  metallic  silver,  is  sifted  and  ,'u  into  J, 
barrels  made  to  revolve  on  axes,  with  a  quantity  of  water  ,7,1 

.  ng  which  the  mm  reduces  the  silver  chloride  to  the  state  of 

t         ; i      ;     ''/'"!""'  r  01  mercurJr  is  then  Educed,  and 
to',., t    J  '  ""I"1;."  ,:   Ul,"  mercufy  lIiHS"lves  out  the  silver, 
h  ■    i  •,     r  i  -'i''      ;'"  v'  ll'so  metallic  cop|ier,  and  olhe,' 

n"  I       ,',  a  ^^algam  easily  separab^from  the  thin 

,■  ,      ',V  ma«eTty  subsidence  and  wash,,,.    This  amalgam 
A,      ' ,    I"''-1'  ;'.'sU'"""  """"  oloth>  and  the  solid  portion 
n        v'rn  WL  kl?d  0f  retort'  b)'  whiah       remaining  mer- 
"'.v  .s  distilled  oil,  and  the  silver  left  behind  ii,  an  impure  state. 
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Considerable  loss  oft  en  occurs  in  the  amalgamation  process -from 
the  SL  of  a  portion  of  the  mercury  with  sulphur  oxygen 
&c  whereby  it  is  brought  into  a  pulverulent  condition,  known  a, 
"florin ""  and  is  then  liable  to  be  washed  away,  together  with 
the  bS  it  has  taken  up.  This  inconvenience  may  be  P*eventaL 
as  sugSea  by  Mr  Crookes,  by  amalgamating  the  mercury  with 
1  oJ  2  per  cent,  of  sodium,  which  by  its  superior  afiinity  for 
sXhur^nd  oxygen  prevents  the  mercury  from  becoming  floured. 
"T^erJe^y  of  silver  is  obtained  fromjrgen^rous 
-valena-  in  fact,  almost  every  specimen  of  native  lead  sulphide  is 
found  tollin  traces  of  this  metal. 

to  a  certain  amount,  it  becomes  worth  extracting.     Ine  ore  is 
reduced  in  the  usual  manner,  the  whole  of  the  silver  reuiammg 
with  the  lead;  the  latter  is  then  re-melted  m  a  large  vessel,  and 
I lowed  to  coo  slowly  until  solidification  commences.    The  por- 
tion which  first  crystallises  is  nearly  pure  lead,  the  alloy  with 
silver  hem-  more  fJsible  than  lead  itself:  by  particular  management 
this  is  drained  away,  and  is  found  to  contain  nearly  the  whole  of 
fe  slbS •  [PattmsoSs  process].    This  rich  mass  is  next  exposed  to 
a  red  heat  on  the  shallow  hearth  of  a  furnace  while  a  stream  of 
akT  allowed  to  impinge  upon  its  surface;  oxidation  takes  place 
with  S  rapidity,  the  fused  oxide  or  litharge  bemg  constantly 
^ept C  the  metal  by  the  blast,    When  the  greater  part  of  the 
1  ad  has  been  thus  removed,  the  residue  is  Warred  to ,a «gj 
or  shallow  dish  made  of  bone-ashes,  and  again  heated,  the  last, 
Por  ion  of  the  lead  is  now  oxidised,  and  the  oxide  sinks  m  a  melted 
E  into  the  porous  vessel,  while  the  silver,  abnost  chemically 
pure,  and  exhibiting  a  brilliant  surface,  remains  behind. 
1  Pure  silver  may  be  easily  obtained.  The ,  nietelis  absolved ^ 
nitric  acid:  if  it  contains  copper  the  solution  will  have  a  blue 
tint ;  gold  will  remain  undissolved  as  a  black  powder.    The  soiu 
Sn  is  mixed  with  hydrochloric  acid  or  wflh  common  salt,  and  lie 
Xte,  insoluble,  curdy  precipitate  of  silver  chloride  is  washed^ 
dried     This  is  then  mixed  with  about  twice  its  weight  of  anhy- 
drous sodium  carbonate,  and  the  mixture,  placed  in  an  eaithen 
crucible,  is  gradually  raised  to  a  temperature  approaching  a nte- 
SSdSiBg  which  the  sodium  carbonate  and  the  silver  chloride 
Set  upon  each  other;  carbon  dioxide  and  oxygen  escape  whilj 
metallic  silver  and  silver  chloride  result:  the  former  melts  inlc  a 
button  at  the  bottom  of  the  crucible,  and  is  easily  detached.    I  lie 
following  is  perhaps  the  most  simple  method  for  the  reduction  ol 
^  c£oride.    The  silver-salt  is  covered  with  water,  to  which  a 
few  drops  of  sulphuric  acid  are  added;  a  plate  of  zinc  is  then 
introduced.    The  silver  chloride  soon  begins  to  decompose,  and  is, 
StaTa  short,  time,  entirely  converted  into  metallic  silver,  1 
sil  ver  thus  obtained  is  grey  and  spongy  ;  it  is  ultimately  purified 
wnnhins  with  slightly  acidulated  water.  f 
%^rfsiiver  has  a  most  perfect  white  colour  and  a  high  degree  of 
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lustre :  it  is  exceedingly  malleable  and  ductile,  and  is  probablvrT,P 
best  conductor  both  of  heat  and  electricity  known  ?SB 
grav,ty  is  10-5,  In  hardness  it  lies  between  gold  and  cole?  Tt 
melts  at  a  bright  red  heat.  Silver  is  m.alterab  e  by1 £  and 
moisture:  it  refuses  to  oxidise  at  any  temperature,  biu7 posses  es 
the  extraordinary  iacnlt, 'already  noticed  of  absorbing  maJy  imes 

W  i       °f  0XJgen  When  heated  in  an  ataosphere  of 

hat  gas,  or  m  common  an-.    The  oxygen  is  again  disendd  a 
the  moment  oi  sohdification,  and  gives  rise  to  the  peSn  1 
rescent  appearance  often  remarked"  on  the  sirface^f  masse  01- 
buttons  of  pure  silver    The  addition  of  2  per  cent  of  Copper  i 
sidhcient  to  prevent  the  absorption  of  oxygen.    Silver  S  J? 
when  heated  with  fusible  siliceous  matter,  as  glass,  which  it  s£ 
yeUow  or  orange,  from  the  formation  of  a  silicate    It  is  S 
attacked  by  hydrochloric  acid;  boiling  oil  of  SSL  converts  t 
mto  sulphate,  with  evolution  of  sidpWus  oS    n„  J 
even  dilute  and  in  the  cold,  tonlresf^?^^^ 

l  ^Ci\°f  SdVer  6Xp0Sed  t0  the  airis  *™  to  hyclroten  sXS? 
the  metal  having  a  strong  attraction  for  sulphur.      &  ^P^de, 

lam!rrespXeriToT2"i  ?mp0U1,dfl  are  ^  con- 

thl  i  "  re1sPectlveIy  1  1(5  2  atoms  ol  silver  to  1  atom  of  chlorine 
the  second,  however,  s  a  very  unstable  compound  *  011116  ' 

-ine  Monocliloride  or  Arnpnti'/-  nhi„m-j„    a  m  ■  , 

it  ^reduced rfS f-^7  *  °rSanic  lnaLlCT  he  pre- 
iron.  It  dissolve  w  h  Ti  ♦ P  ^ °  Wal;er  ^  metallic  z™  °r 
of  potassium   ;7nulf  ™  ^  in  a  8olution 

or  hydrochloric  acid  in  ■  1 ^  ProPorlion  of  chlorine 

m*ric  ar  id  and  an  ItLL  „J  ^        ■    b(luld  18  ^ululated  with 

Elected    /'a  filer  or  be! I",        W  ^ ,he  chloride* 
^  filter,  or  better  by  subsidence,  washed,  dried,  and 

^Sha?Cbo?h  Svefand  "  «tto^»*>mpatil.le  with  the 

"T""1  of      argento,   com o .n  J™  Tnad  Omenta.    The  com- 

lmt  posing  the  chlo  ide  oPc"";t  i^A.,0  ,perhaps  v°7  w«"  established  ; 
.  0  conUln  Ag2Cl<(  as  usually  stated,  its  consti- 

Ut'0n  ^  ^  rei«  *  A"  tanal.  Ag'?,  itl  whWl  chloriue  plays 
tl,e  Part  of  a  triad.  A&"C1 
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fused ;  100  parts  correspond  to  24-7  of  chlorine,  or  25-43  of  hydro- 

metallic  silver.  . 

a   ™„  Vr-nmrnm  A^F  ib  produced  hy  dissolving  argentic 

^  '  W tto  Srf  concentrated  hydriodic  acid  npon 

of  silver  very  closely  resembles  the  chloride. 

~TTWR  oxides  —There  are  three  oxides  of  silver  only  one  ot 
iKj  however,  he  regarded  as  a  well-defined  compound, 

™ThJ Monoxide  or  Argentic  Oxide,  A&O.-This  oxichv is la 

caustic  potash  to  a  solution  of  silver  nitrate : 

2AaNO,  +  KHO  =  Ag20  +  KN03  +  HNO,. 

It,  is  very  soluble  in  ammonia,  and  is 
Patent  bv  pure  water ;  the  solution  is  alkaline.    Recently  precipi 
taed-  sSJr  chloride,'  boiled  with  a  solution  of  caustic  pohabtf 
spec  fie  gravity  1'25,'is  converted,  according  to  Gregory,  allium  h 
S  difficidty,  into  argentic  oxide,  which  m  this  case  is  black  a 
Ivy  dense.    Argentic  oxide  neutralises  acids  completely  and 
Ss>r  the  mcSt  part,  colourless  salts.    It  is 
red  heat,  with  evolution  of  oxygen,  spongy gallic  silver  beffig 
S   the  sun's  rays  also  effect  its  decomposition  to  a .small exteOJ 
^Vflfntoin  Oxide,  Ag,0.*-When  dry  argentic  citrate  isheaW 
to  100°  in  a  stream  of  hydrogen  gas,  it  loses  oxygen  and  tecoffl* 
brown.   The  product,  dissolved  in  water,  gives  a  ^"logj 
Sntion  Containing  free  citric  acid  and  argentous  citrate,  w*g 
t    mixed  with  potash  yields  a  precipitate  of  argentous  oxide. 
S  oSde  is  a  black  powder,  very  easily  decomposed  and  eoluUe 
*  If  this  formula  be  correct,  oxygen  must  be  a  tetrad. 
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ttS,  The  S0lf i0?  .0f  "gentous  citrate  is  rendered  colour 
less  by  heat,  being  resolved  into  argentic  citrate  and  metallic  sta 
„.  .  -^gO 

oilver  Dioxide    Aa  f)    i      mi.-   ■      1 1 

tte'  ^  ^  •    This  is  a  black  crystalline 

bg.  TheCsSd  .re'  nln  Tg  ef°Ugh  t0  C17stal^e  on  cool- 
m  tet  o/anv  vnieXP°Sed  *  ^  mOTe  P^ZTyTorgSc 

°a  of  vitriol  atd  m!!&  ST  be  PfPared  ^  filing  together 
^ed  solution^  sUver  xdtrate VI  *Z  F^"*"*"  concen- 
^solves  in  88  nnril  If  TT       th  an  alkall"e  sulphate.  It 

^of  sofiSSrwt  °".  C°0lmTg'  1,avinS  ^  a  feeble 
^"vsl.lli,,!.!,.  ';  a  a    w^mperalure     It  forms  with  ammonia 

^  ^-Mr ..,  „s  '  Zl  J  S  ^^ely  soluble  in  water,  con- 
'"''»•»;><.  «iS  ""WO.  6   6  regai"led  aS  a^Mto??l- 

P?!^enfISWffiS,a^4,.  isA8oluHe  crystalHsable  salt, 
"-l.il..,  and  verv  ,     .  """""'l'1"^,  Ag2S20,,  is  insoluble 

;ilbl''.MJ  i,X  l  ,|  ;      r    deo<™position:  it  combines  with  the 

»inten3yP^t^^    i^v^??^  distinmushed 
y  sweet  taste.    The  alkaline  thiosulphates  dissolve 
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M,  p»d.  and  chloride  "^'IS^.'S^'S 

graphic  pictures  (p.  80).  ^soluble  substance  obtained  by 

^S'JA  .^  -*»  carbonate.   It  » 
blackened  and  decomposed  by  boiling. 

Diauteneu  a  i  somewhat  nialle- 

Silver  Sulphide  AgJ ,  ia a  soft,  md  easil 

aUe  "™™*J^£ZZ%.  SnSienta,  or  by  precipitating 

TK^aSand  in  the  bea^M 
minerals,  to*  and  KjW-rrf        era  rmM„1TI™ 

only  when  rubbed  mth a  ^°g"r        some  /( this  substance 

whereas  silver  chloride  is  dissolved  hereby 

Solutions  of  Sil«rduoed  to  the  xort-H*  sta  ^ 
copper,  mercurij,  and  other  nieiais.    xuev  gL»  ,  »  .  ^o. 

pSde  a  black  precipitate  of  argentic  "jJ^^^^Sie 
^iuin  sulphide ;  with  caustic  fcahs,  a  brown  geagjjte  o  g 
oxide  ;  and  with  alkaline  carbonates,  a  white  P^ipit**  °*^onia. 
carbonate,  both  precipitates  being  e  asdy  < ^^^tic 
Ordinary  sodium  phosphate  forms  a  yellow precipitate  ™  d  ° 
oVthophosphate;  potoirium  cfcromate  or  biclroimte,  a  led  browi 
precipitate  of  argentic  chromate. 

The  economical  use,  of  ailver  are  many  >*<»»%%g3£ 
SSaad  couS  222  parte  of  edver'and  18  parts  of  copper. 
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CLASS  II.— DYAD  METALS. 
GROUP  I.— METALS  OF  THE  ALKALINE  EARTHS. 


BARIUM.* 

Atomic  weight,  137  ;  symbol,  Ba. 

This  metal  occurs  abundantly  as  sulphate  and  carbonate,  forming 
the  veinstone  in  many  lead  mi  nes.  Davy  obtained  it  in  the  metallic 
state  by  means  similar  to  those  described  in  the  case  of  lithium. 
Bunsen  subjects  barium  chloride  mixed  to  a  paste  with  water  and 
a  little  hydrochloric  acid,  at  a  temperature  of  100°,  to  the  action 
of  the  electric  current,  using  an  amalgamated  platinum  wire  as  the 
negative  pole.  In  this  manner  the  metal  is  obtained  as  a  solid, 
highly  crystalline  amalgam,  which,  when  heated  in  a  stream  of 
hydrogen,  yields  barium  in  the  form  of  a  tumefied  mass,  tarnished 
on  the  surface,  but  often  exhibiting  a  silver  white  lustre  hi  the 
cavities.  Barium  may  also  be  obtained,  though  impure,  by  pass- 
ing vapour  of  potassium  over  the  red-hot  chloride  or  oxide  of 
barium.  It  is  malleable,  melts  below  a  red  heat,  decomposes 
water,  and  gradually  oxidises  in  the  air. 

Barium  Chloride,  BaCl2.2H20.— This  valuable  salt  is  prepared 
by  dissolving  the  native  carbonate  in  hydrochloric  acid,  filtering 
the  solution,  and  evaporating  until  a  pellicle  begins  to  form  at  the 
surface :  the  solution  on  cooling  deposits  crystals.  When  native 
carbonate  cannot  be  procured,  the  native  sulphate  may  be  em- 
ployed in  the  following  manner :— The  sulphate  is  reduced  to  fine 
powder,  and  intimately  mixed  with  one- third  of  its  weight  of 
powdered  coal ;  the  mixture  is  pressed  into  an  earthen  crucible  to 
which  a  cover  is  fitted,  and  exposed  for  an  hour  or  more  to  a  high 
red  heat,  by  which  the  sulphate  is  converted  into  sulphide  at  the 
expense  of  the  combustible  matter  of  the  coal;  the  black  mass 
thus  obtained  is  powdered  and  boiled  in  water,  by  which  the  sul- 
phide is  dissolved  ;  and  the  solution,  filtered  hot,  is  mixed  with  a 
aught  excess  of  hydrochloric  acid.  Barium  chloride  and  hydrogen 
sulphide  are  then  produced,  the  latter  escaping  with  effervescence. 
L«8tly,  the  solution  is  filtered  to  separate  any  little  insoluble 
matter,  and  evaporated  to  the  crystallising  point. 

-the  crystals  of  barium  chloride  are  flat  four-sided  tables,  colour- 
'eas  and  transparent.  They  contain  2  molecules  of  water,  easily 
amen  oil  by  heat.  LOO  parts  of  water  dissolve  43-5  parts  at  15-5° 
8olntionPart'8      104'5°'  W        is  the  boilijlg-P°int  <>f  the  saturated 

From  Bapit,  heavy,  in  allusion  to  the  great  specific  gravity  of  the 
na«ve  carbonate  and  sulphate. 
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Barium  Oxides.— The  Monoxide  or  Baryta,  BaO,  is  best  pre- 
pared by  decomposing  the  crystallised  nitrate  by  beat  in  a  capa- 
cious porcelain  crucible  until  red  vapours  are  no  longer  disengaged : 
the  nitric  acid  is  then  resolved  into  nitrous  acid  aud  oxygen,  and 
the  baryta  remains  behind  in  the  form  of  a  greyish  spongy  mass, 
fusible  at  a  high  degree  of  heat.    When  moistened  with  water  it 
combines  into  a  hydrate,  with  great  elevation  of  temperature. 
The  Hydrate,  BaH„02  =  BaO.H20,  is  prepared  on  the  large  scale 
by  decomposing  a  hot  concentrated  solution  of  barium  chloride 
with  a  solution  of  caustic  soda;  on  cooling  crystals  of  barium 
hydrate  are  deposited,  which  may  be  purified  by  re -crystallisa- 
tion.    In  the  laboratory  barium  hydrate  is  often  prepared  by 
boiling  a  strong  solution  of  the  sulphide  with  small  successive 
portions  of  black  oxide  of  copper  until  a  drop  of  the  liquid  ceases 
to  form  a  black  precipitate  with  lead  salts:  the  filtered  liquid 
on  cooling  yields  crystals  of  the  hydrate.    The  crystals  of  barium 
hydrate  contain  BaH,02.8  aq.  ;*  "they  fuse  easily,  and  lose  their 
water  of  crystallisation  when  strongly  heated,  leaving  the  hydrate, 
BaH202,  in  the  form  of  a  white,  soft  powder,  having  a  great 
attraction  for  carbonic  acid,  and  soluble  in  20  parts  of  cold  and 
2  parts  of  boiling  water.    The  solution  is  a  valuable  reagent:  it 
is  highly  alkaline  to  test-paper,  and  instantly  rendered  turbid  by 
the  smallest  trace  of  carbonic  acid.  _ 

The  Dioxide,  BaO„  may  be  formed,  as  already  mentioned,  by 
exposing  baryta,  heated  to  full  redness  in  a  porcelain  tube,  to  a 
current  of  pure  oxygen  gas.  It  is  grey,  and  forms  with  water  a 
white  hydrate,  which  is  not  decomposed  by  that  liquid  in  the 
cold,  but  dissolves,  in  small  quantity.  Barium  hydrate,  when 
heated  to  redness  hi  a  current  of  dry  atmospheric  air,  loses  its 
water,  and  is  converted,  by  absorption  of  oxygen,  mto  barium 
dioxide,  from  which  the  second  atom  of  oxygen  may  be  expelled 
at  a  higher  temperature.  Boussingault  has  proposed  to  utilise 
these  reactions  for  the  preparation  of  oxygen  upon  a  large  scale. 
The  dioxide  may  also  be  made  by  heating  pure  baryta  to  redness 
in  a  platinum  crucible,  and  then  gradually  adding  an  equal  weight 
of  potassium  chlorate,  whereby  barium  dioxide  and  potassium 
chloride  are  produced.  .The  latter  may  be  extracted  by  cold  water, 
and  the  dioxide  left  in  the  state  of  hydrate.  It  is  used  for  the 
preparation  of  hydrogen  dioxide  (p.  145).  When  dissolved  in 
dilute  acid,  it  is  decomposed  by  potassium  bichromate,  and  by  the 
oxide,  chloride,  sulphate,  and  carbonate  of  silver. 

Oxysalts  of  Barium.— The  Nitrate,  Ba(N03)2,  is  prepared  by 
methods  exactly  similar  to  those  adopted  for  preparing  the  chloride, 

nitric  acid  being  substituted  for  hydrochloric.    It  crystallises  in 

transparent  colourless  octohedrons,  which  are  anhydrous.    1  he)r 

*  The  symbol,  aq.  (abbreviation  of  aqua)  is  often  used  to  denote  water  of 
crystallisation. 
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require  for  solution  8  parts  of  cold  and  3  parts  of  boiling  water. 
This  salt  is  much  less  soluble  in  dilute  nitric  acid  than  in  pure 
water :  errors  sometimes  arise  from  such  a  precipitate  of  crystalline 
barium  nitrate  being  mistaken  for  sulphate.  It  disappears  on 
heating,  or  by  large  affusion  of  water. 

The  Sulphate,  BaS04,  is  found  native  as  heavy  spar  or  barytes. 
often  beautifully  crystallised:  its  specific  gravity  is  as  high  as 
4-4  to  4-8.  This  compound  is  always  produced  when  sulphuric 
acid  or  a  soluble  sulphate  is  mixed  with  a  solution  of  a  barium 
salt.  It  is  not  sensibly  soluble  in  water  or  in  dilute  acids  :  even 
in  nitric  it  is  almost  insoluble  :  hot  oil  of  vitriol  dissolves  a  little, 
but  the  greater  part  separates  again  on  cooling.  Barium  sulphate 
is  now  produced  artificially  on  a  large  scale ;  it  is  used  as  a  substi- 
tute lor  white-lead  in  the  manufacture  of  oil-paints.  The  sulphate 
to  be  used  for  this  purpose  is  precipitated  from  very  dilute  solu- 
tions :  it  is  known  in  commerce  as  blanc  fixe.  Powdered  native 
barium  sulphate,  being  rather  crystalline,  has  not  sufficient  body 
*or  the  production  of  sulphate,  the  chloride  of  barium  is  first 
prepared,  which  is  dissolved  in  a  large  quantity  of  water,  and  then 
precipitated  by  dilute  sulphuric  acid. 

The  Carbonate,  BaC03,  is  found  native  as  witherite,  and  may  be 
tarnied  artificially  by  precipitating  the  chloride  or  nitrate  with  an 
alkaline  carbonate,  or  carbonate  of  ammonia.  It  is  a  heavy  whit  e 
powder,  very  sparingly  soluble  in  water,  and  chiefly  useful  in  the 
preparation  of  the  rarer  barium  salts. 

Barium  Sulphides.— The  Monosulphide,  BaS,  is  obtained  in  the 
manner  already  described  (p.  357);  the  higher  sulphides  may  be 
tormed  by  boiling  it  with  sulphur.  Barium  monosulphide  crys- 
tallises irom  a  hot  solution  in  thin,  nearly  colourless  plates,  winch 
contain  water  and  are  not  very  soluble:  they  are  rapidly  altemd 
»Y  tne  air.  A  strong  solution  of  this  sulphide  may  be  employed, 
as  already  described,  in  the  preparation  of  barium  hydrate. 

W^u113!0!  barimn  hydrate'  nitrate,  and  chloride,  are  constantly 
hW\  n  lilljOTat°ry  as  chemical  tests,  the  first  being  employed 
e  tect  the  separation  of  carbonic  acid  from  certain  gaseous 
Eon8'  UV°        r  t0  l1reciPitate  sulphuric  acid  from 

■SoIuU,  barium  salts  are  poisonous,  which  is  not  the  case  with 
wwse  ol  strontium.    For  their  reactions,  see  page  368. 


STRONTIUM. 

Atomic  weight,  87-6;  symbol,  Sr. 

HE  metal  strontium  may  be  obtained  from  its  oxide  by  means 
"  '"  those  described  in  the  case  of  barium:  it  is  usually 
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described  as  a  white  metal,  heavy,  oxidisable  in  the  air,  and 
capable  of  decomposing  water  at  common  temperatures.  Mat- 
thiessen  states,  however,  that  it  has  a  dark-yellow  colour,  and 
specific  gravity  2-54.  He  prepares  it  by  filling  a  small  crucible 
having  a  porous  cell  with  anhydrous  strontium  chloride  mixed 
with  some  ammonium  chloride,  so  that  the  level  of  the  fused 
chloride  in  the  cell  is  much  higher  than  in  the  crucible.  The 
negative  pole  placed  in  the  ceU  consists  of  a  very  fine  iron  wire 
The  positive  pole  is  an  iron  cylinder  placed  m  the  crucible  round 
the  cell.  The  heat  is  regulated  so  that  a  crust  forms  in  the  cell, 
and  the  metal  collects  under  this  crust,. 

Strontium  Monoxide,  or  Strontia,  SrO,  is  best  prepared  by 
decomposing  the  nitrate  with  aid  of  heat:  it  resembles  baryta  m 
almost  every  particular,  forming,  like  that  substance,  a  white 
hydrate,  soluble  in  water.  A  hot  saturated  solution  deposits 
crystals  on  cooling,  which  contain  SrH302.8  aq. :  heated  to  dull 
redness  they  lose  the  whole  of  their  water,  anhydrous  strontia 
being  left.  The  hydrate  has  a  great  attraction  for  carbonic  acid. 
The  Dioxide,  Sr00,  is  prepared  in  the  same  manner  as  barium 
dioxide :  it  may  be  substituted  for  the  latter  in  making  hydrogen 

dioxide.  .  e  , 

The  native  carbonate  and  sulphate  ol  strontium  serve  lor  the 
preparation  of  the  various  salts  by  means  exactly  similar  to  those 
already  described  in  the  case  of  barium  salts :  they  have  a  very 
feeble  degree  of  solubility  in  water. 

Strontium  Chloride,  SrCl2.— The  chloride  crystallises  m  colour- 
less needles  or  prisms,  which  are  slightly  deliquescent,  and  soluble 
in  2  parts  of  cold  and  a  still  smaller  quantity  of  boiling  water: 
they  are  also  soluble  in  alcohol,  and  the  solution,  when  kindled, 
burns  with  a  crimson  flame.  The  crystals  contain  6  molecules 
of  water,  which  they  lose  by  heat :  at  a  higher  temperature  the 
chloride  fuses.  , 

Strontium  Nitrate,  Sr(N03)9,  crystallises  in  anhydrous  octahe- 
drons, which  require  for  solution  5  parts  of  cold  and  about  halt 
their  weight  of  boiling  water.  It  is  principally  of  value  to  the 
pyrotechnist,  who  employs  it  in  the  composition  of  the  well-known 
"red  fire."* 

The  spectral  phenomena  exhibited  by  strontium  compounds  aie 
mentioned  on  page  69. 


Green  Fire  :  Grains. 

Dry  barium  nitrate,  .  45U 

Sulphur,     .       .  •  \f 

Potassium  clilorate,  . 

Lampblack,         .  •  25 


*  Red  Fire  :  Grains. 

Dry  strontium  nitrate,  800 

Sulphur,        .       .  225 

Potassium  chlorate,  200 

Lampblack,    .       .        50  .  r-  > 

The  strontium  or  barium-salt,  the  sulphur,  and  the  lampblack,  must  be 
finely  powdered  and  intimately  mixed,  after  which  the  potassium  cW°niw 
should  be  added  in  rather  coarse  powder,  and  mixed,  without  much  ruDomg. 
with  the  other  ingredients.  The  red  fire  composition  has  been  known  w 
ignite  spontaneously. 


CALCIUM. 
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CALCIUM. 

Atomic  weight,  40  ;  symbol,  Ca. 

Calcium  is  one  of  the  most  abundant  and  widely  diffused  of  the 
metals,  though  it  is  never  found  in  the  free  state.  As  carbonate, 
it  occurs  in  a  great  variety  of  forms,  constituting,  as  limestone, 
entire  mountain  ranges.  Calcium  was  obtained  in  an  impure 
state  by  Davy,  by  means  similar  to  those  adopted  for  the  prepara- 
tion of  barium.  Matthiessen  prepares  the  pure  metal  by  fusing  a 
nnxture  of  two  molecules  of  calcium  chloride  and  one  of  strontium 
chloride  with  some  chloride  of  ammonium  in  a  small  porcelain 
crucible,  in  which  an  iron  cylinder  is  placed  as  positive  pole,  and 
a  pointed  iron  wire  or  a  little  rod  of  carbon  connected  with  the 
zinc  of  the  battery  is  made  to  touch  the  surface  of  the  liquid. 
The  reduced  metal  fuses  and  drops  off  from  the  point  of  the  iron 
wire,  and  the  bead  is  removed  from  the  liquid  by  a  small  iron 
spatula.  Lies-Bodart  and  Gobin  prepare  calcium  by  igniting  the 
iodide  with  an  equivalent  quantity  of  sodium  in  an  iron  crucible 
having  its  lid  screwed  down. 

Calcium  is  a  light  yellow  metal  of  sp.  gr.  1-5778.  It  is  about  as 
hard  as  gold,  very  ductile,  and  may  be  cat,  filed,  or  hammered  out 
into  plates  as  thin  as  the  finest  paper.  It  tarnishes  slowly  in  dry, 
more  quickly  in  damp  air,  decomposes  water  quickly,  and  is  still 
more  rapidly  acted  upon  by  dilute  acids.  Heated  on  platinum 
toil  over  a  spirit-lamp,  it  burns  with  a  bright  flash;  with  a  bril- 
liant light  also  when  heated  in  oxygen  or  chlorine  gas,  or  in  vapour 
ol  bromine,  iodine,  or  sulphur. 

Calcium  Chloride,  CaCl2,  is  usually  prepared  by  dissolving 
marble  in  hydrochloric  acid ;  it  is  also  a  bve-product  in  several 
chemical  manufactures.  The  salt  separates  from  a  strong  solution 
m  colourless,  prismatic,  and  exceedingly  deliquescent  crystals, 
which  contain  6  molecules  of  water.  By  heat  this  water  is 
expelled,  and  by  a  temperature  of  strong  ignition  the  salt  is  fused, 
ine  crystals  reduced  to  powder  are  employed  in  the  production  of 
amncial  cold  by  being  mixed  with  snow  or  powdered  ice :  and 
the  chlonde,  strongly  dried,  or  in  the  fused  state,  is  of  great  use  in 
m?n A"g  gT8'  for  which  Purpose  the  latter  are  slowly  trans- 
itedi through  tubes  filled  with  fragments  of  the  salt.  Calcium 

"'"I"  >s  also  freely  soluble  in  alcohol,  which,  when  anhydrous, 
tQnhs  with  it  a  definite  crystallisable  compound. 

Jkwiuii  Fluoride;  Fluor-spar;  CaF2.— This  substance  is 
'  i'"rumt  as  the  most  abundant  natural,  source  of  hydrofluoric 
'     "U"-'r  fluorides.    It  occurs  beautifully  crystallised,  of 
™*ou8  colours,  in  lead-veins,  the  crystals  having  commonly  the 
,"  sometimes  the  octahedral  form,  parallel  I...  the  faces  of 
wnich  Mter  figure  they  always  cleave.    Seme  varieties,  when 
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heated,  emit  a  greenish,  and  some  a  purple  phosphorescent  light 
The  fluoride  is  quite  insoluble  in  water,  and  is  decomposed  by  oil 
of  vitriol  in  the  manner  already  mentioned  (p.  195). 

Calcium  Oxides.  — The  Monoxide  or  Lime,  CaO,  may  he 
obtained  in  a  state  of  considerable  purity  by  heating  to  Ml 
redness  for  some  tune  fragments  of  the  hlack  bituminous  marble 
of  Derbyshire  or  Kilkenny.  If  required  absolutely  pure,  it  must 
be  made  by  igniting  to  whiteness,  in  a  platinum  crucible,  an 
artificial  calcium  carbonate,  prepared  by  precipitating  the  nitrate 
with  ammonia  carbonate.  Lime  in  an  impure  state  is  prepared 
for  building  and  agricultural  purposes  by  calcining,  in  a  kiln  oi 
suitable  construction,  the  ordinary  limestones  which  abound  m 
many  districts ;  a  red  heat,  continued  for  some  hours,  is  suin- 
cient  to  disengage  the  whole  of  the  carbonic  acid.  In  the  best- 
contrived  limekilns  the  process  is  carried  on  contmuously,  broken 
limestone  and  fuel  being  constantly  thrown  in  at  the  top,  and  the 
burned  lime  raked  out  at  intervals  from  beneath.  Sometimes, 
when  the  limestone  contains  silica,  and  the  heat  has  been  very 
high,  the  lime  refuses  to  slake,  and  is  said  to  be  over-burned;  in 
this  case  a  portion  of  silicate  has  been  formed. 

Pure  lime  is  white,  and  often  of  considerable  hardness :  it  is 
quite  infusible,  and  phosphoresces,  or  emits  a  pale  bght  at  a  high 
temperature.  When  moistened  with  water,  it  slakes  with  great 
violence,  evolving  heat,  and  crumbling  to  a  soft,  white  bulky 
powder,  which  is  a  hydrate  containing  a  single  molecule  oi  water: 
the  latter  can  be  again  expelled  by  a  red  heat.  This  hydrate, 
CaH90,2  or  CaO.H20,  is  soluble  in  water,  but  far  less  so  than  either 
the  hydrate  of  barium  or  of  strontium,  and,  what  is  very  remark- 
able, the  colder  the  water,  the  larger  is  the  quantity  of  the  com- 
pound that  is  taken  up.  A  pint  of  water  at  15-5°  dissolves  about 
11  grains,  while  at  100°  only  7  grains  are  retained  m  solution. 
The  hydrate  has  been  obtained  in  thin  delicate  crystals  by  slow 
evaporation  under  the  air-pump.  Lime-water  is  always  prepared 
for  chemical  and  pharmaceutical  purposes  by  agitating  cold  water 
with  excess  of  calcium  hydrate  in  a  closely-stopped  vessel,  and 
then,  after  subsidence,  pouring  off  the  clear  liquid,  and  adding  a 
fresh  quantity  of  water,  for  another  operation :  there  is  not  t  lie 
least  occasion  for  filtering  the  solution.  Lime -water  has  a  strong 
alkaline  reaction,  a  nauseous  taste,  and  when  exposed  to  the  air 
becomes  almost  instantly  covered  with  a  pellicle  of  carbonate,  by 
absorption  of  carbonic  acid.  It  is  used,  like  baryta -water,  as  a  test 
for  carbonic  acid,  and  also  in  medicine.^  Lime-water  prepared  Ironi 
some  varieties  of  limestone  may  contain  potash. 

The  hardening  of  mortars  and  cements  is  in  a  great  measure  clue 
to  the  gradual  absorption  of  carbonic  acid  ;  but  even  after  a  very 
great  length  of  time,  this  conversion  into  carbonate  is  not  com- 
plete Mortar  is  known,  under  favourable  circumstances,  to 
acquire  extreme  hardness  with  age.    Lime  cements  which  resist 
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the  action  of  water  contain  iron  oxides,  silica,  and  alumina  ■  they 
require  to  be  carefully  prepared,  and  the  stone  not  over-heated 
When  they  are  ground  to  powder  and  mixed  with  water,  solidifica- 
tion speedily  ensues,  from  causes  not  yet  thoroughly  understood 
and  the  cement,  once  in  this  condition,  is  unaffected  by  wet' 
Parker's  or  Eoman  cement  is  made  in  this  manner  from  the 
nodular  masses  of  calcareo-argOlaceous  ironstone  found  in  the 
London  clay.  Lime  is  of  great  importance  in  agriculture  •  it  is 
lound  more  or  less  m  every  fertile  soil,  and  is  often  very  advan- 
tageously added  by  the  cultivator.  The  decay  of  vegetable  fibre 
in  the  sod  is  thereby  promoted,  and  other  important  objects  as 
the  destruction  of  certain  hurtful  compounds  of  iron  in  marsh  and 
peat  land,  are  often  attained.  The  addition  of  lime  probably 
serves  likewise  to  liberate  potassium  from  the  insoluble  silicate  of 
that  base  contained  in  the  soil. 

Cakiuvi  Dioxide,  Ca02,  is  said  to  resemble  barium  dioxide,  and 
to  be  obtainable  by  treating  lime  with  hydrogen  dioxide. 

Calcium  Sulphate,  CaS04.-Crystalline  native  calcium  sul- 
phate containing  two  molecules  of  water,  is  found  in  considerable 
abundance  in  some  localities  as  gypsvm:  it  is  often  associated  with 
lock-salt.  When  regularly  crystallised,  it  is  termed  selenite. 
Anhydrous  calcium  sidphate  is  also  occasionally  met  with  The 
salt  is  formed  by  precipitation,  when  a  moderately  concentrated 
solution  of  calcium  chloride  is  mixed  with  sulphuric  acid.  Cal- 

sn^-rf P      r?.fluble  500  P^ts  of  cold  water,  and  its 

olubihty  is  a  little  increased  by  heat.  It  is  more  soluble  in  water 
k  nit1       f™™0IU™  cUoride  or  potassium  nitrate.    The  solution 

iCf  i  37  ialC0h01;  G7P8um'  or  native  hyfrated  calcium 
sulphate,  is  largely  employed  for  the  purpose  of  making  casts 

eltti  me/k1*'  al8°  for  moulds  in  the  Porcelain  and 

manufactures,  and  for  other  applications.    It  is  ex- 

f  27°  l  t  r!Vn  °Ven  Where  the  temperature  does  not  exceed 
afterwLT  f1  ?rteI  °f  ^taUisation  is  expelled,  and  it  is 
M  S If  6 duced  toafilie  Piwder'  When  mixed  with  water,  it 
Sfito-  ttth-^ST*'  fl0Tt  the  re-fOTmation  of  the  same 
om  h  a'J  I?1"  6r.eCt  ^fJSf  h^en  if  the  ^Ps"m  Las  been 
SleT  r  fen  0ai6d  Plaster  of  Paris"  Artifirial  floured 

of  hi \  JmrJ  K  are,  gently  prepared  by  inserting  pieces 
SffiErtS  V*  a  Th  ltUCC°  conteining  this  substance,  and 
'.il.il v  X  Wh0n  the  Cemenl  tas  become  hard-  Cillcium 

1    18  ?.ne  of  the  most  common  impurities  of  spring  water. 
Salts  n  7 ,  ],!'"]V'iy  WarCT  acfPlires  by  the  presence  of  calcium 
1  B^aeA  '""""*«•    ^  manifests  itself  by  the  effect  such 
ave  upon  the  palate,  and  particularly  by  its  peculiar 
8 111  i  i  ill   T  '  "f*l    4rd  water  yields  a  lather  with  soap  only 

wie  whoi,.  ol  the  calcium  salts  have  been  thrown  down  from 

nrin,.;,i  V!,"  ,3  '"'  of  an  insoluble  lime-soap.  Upon  this 
Fnnapie  Clark's  Boap-test  for  the  hardness  of  water  is  based. 
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The  hardness  produced  by  calcium  sulphate  is  called  permanent 
hardness,  since  it  cannot  he  remedied. 

Calcium  Carbonate;  Chalk;  Limestone;  Marble;  CaC03. 
—Calcium  carbonate,  often  more  or  less  contaminated  with  iron 
oxide,  clay,  and  organic  matter,  forms  rocky  beds,  of  immense 
extent  and  thickness,  in  almost  every  part  of  the  world.  These 
present  the  greatest  diversities  of  texture  and  appearance,  arising, 
in  a  great  measure,  from  changes  to  which  they  have  been  sub- 
jected since  their  deposition.  The  most  ancient  and  highly 
crystalline  limestones  are  destitute  of  visible  orgamc  remains,  while 
those  of  more  recent  origin  are  often  entirely  made  up  oi  the 
sheUy  exuvia?  of  once-living  beings.  Sometimes  these  latter  are 
of  such  a  nature  as  to  show  that  the  annuals  inhabited  fresh  water ; 
marine  species  and  corals  are,  however,  most  abundant.  Cavities 
in  limestone  and  other  rocks  are  very  often  lined  with  magnificent 
crystals  of  calcium  carbonate  or  calcareous  spar,  which  have 
evidently  been  slowly  deposited  from  a  watery  solution.  Calcium 
carbonate  is  always  precipitated  when  an  alkaline  carbonate  is 
mixed  with  a  solution  of  that  base. 

Although  this  substance  is  not  sensibly  soluble  in  pure  water, 
it  is  freely  taken  up  when  carbonic  acid  happens  at  the  same  time 
to  be  present.    If  a  little  lime-water  be  poured  into  a  vessel  ol 
that  gas,  the  turbidity  first  produced  disappears  on  agitation  ana 
a  transparent  solution  of  calcium  carbonate  in  excess  of  carbonic 
acid  is  obtained.    This  solution  is  decomposed  completely  by 
boiling,  the  carbonic  acid  being  expelled,  and  the  carbonate  pre- 
cipitated.    Since  all  natural  waters  contain  dissolved  carbonic 
acid,  it  is  to  be  expected  that  calcium  in  this  state  should  be  oi 
very  common  occurrence ;  and  such  is  reaUy  found  to  be  the  laa, 
river,  and  more  especiaUy  spring  water,  almost  invariably  contain- 
ing calcium  carbonate  thus  dissolved.    In  limestone  districts,  tnw 
is  often  the  case  to  a  great  extent.    The  hardness  ot  water,  whicn 
is  owing  to  the  presence  of  calcium  carbonate,  is  called  temporaryj 
since  it  is  diminished  to  a  very  considerable  extent  by  boiling, 
and  may  be  nearly  removed  by  mixing  the  hard  water  with  lune- 
water,  when  both  the  dissolved  carbonate  and  the  dissolved  Dine, 
which  thus  becomes  carbonated,  are  precipitated.     Upon  mis 
principle  Dr.  Clark's  process  of  softening  water  is  based,  inw 
process  is  of  considerable  importance,  since  a  supply  of  hard  water 
to  towns  is  in  many  respects  a  source  of  great  inconvenience,  a 
already  mentioned,  the  use  of  such  water,  for  the  purposes  01 
washing,  is  attended  with  a  great  loss  of  soap.    Boilers,  111  whicn 
such  water  is  heated,  speedily  become  lined  with  a  thick  stony 
incrustation  *    The  beautiful  stalactitic  incrustations  of  lmiestone 
*  Many  proposals  have  been  made  to  prevent  the  formation  of  boiler 
denosits.    The  most  efficient  appears  to  be  the  method  of  Dr  Bitterbana, 
Kiel  consists  in  throwing  into  the  boiler  a  small  V^.^edS^ 
whereby  carbonate  of  ammonia  is  formed,  which  is  volatilised  wiwi 
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caverns,  anil  the  deposit  of  calc  sinter  or  travertin  upon  various 
objects,  and  upon  the  ground,  in  many  places,  are  explained  by 
the  solubility  of  calcium  carbonate  in  water  containing  carbonic 
acid. 

Crystallised  calcium  carbonate  is  dimorphous;  calc-spar  and 
arragonite,  although  possessing  exactly  the  same  chemical  com- 
position, have  different  crystalline  forms,  different  densities,  and 
different  optical  properties.  Rose  has  observed  that  calcium'  car- 
bonate appears  in  the  form  of  calc-spar  when  deposited  from  its 
solution  in  water  containing  carbonic  acid  at  the  ordinary  tempera- 
ture. At  90°,  and  on  ebullition,  however,  it  is  chiefly  deposited 
in  the  form  of  arragonite ;  at  lower  temperatures  the  formation  of 
arragonite  decreases,  whilst  that  of  calc-spar  increases,  the  limit 
for  the  formation  of  the  former  variety  being  between  30°  and 
50  . 

Calc-spar  occurs  very  abundantly  in  crystals  derived  from  an 
obtuse  rhombohedron,  whose  angles  measure  105°  5'  and  74°  55'  • 
its  density  varies  from  2-5  to  2-8.  The  rarer  variety,  or  arragonite' 
is  found  in  crystals  whose  primary  form  is  a  right  rhombic  prism' 
a  figure  having  no  geometrical  relation  to  the  preceding-  it  is' 
besides,  heavier  and  harder. 

Calcium  Phosphates. — A  number  of  distinct  calcium  salts  of 
phosphoric  acid  are  known.  Two  tribasic  phosphates,  or  ortho- 
phosphates,  Ca"3(P04)2  and  Ca"H(P04),  are  produced  when  the  cor- 
responding sodium  salts  are  added  in  solution  to  calcium  chloride- 
the  first  is  slightly  crystalline,  and  the  second  gelatinous.  When 
the  first  phosphate  is  digested  with  ammonia,  or  dissolved  in  acid 
and  re-precipitated  by  that  alkali,  it  is  converted  into  the  second 
I  ne  earth  of  bones  consists  principally  of  what  appears  to  be 

ft'Sn!10"  °/  thT,  tw?  salts-  An°ther  orthophosphate, 
wk  f  A'  L^  formed  hY  dissolving  either  of  the  preceding  in 
pnospfaonc,  hydrochloric,  or  nitric  acid,  and  evaporating  until  the 
salt  separates  on  cooling  in  small  platy  crystals.  It  is  the  sub- 
stance which  yields  phosphorus  when  heated  with  charcoal,  in  the 
ami  "m7,  pr,°CeSf  °f  manufacture  before  described.  Pyrophosphates 
SXJrl^ hosP^es  ?f  calc™m  also  exist.  These  phosphates, 
although  insoluble  in  water,  dissolve  readily  in  dilute  acids 

KPSteac    ac  ■      mineral  apatite  is  chiefly calcku* 

hvSS2RIDE  °v  t\UE  ;  Bleachin«  Powder.— When  calcium 
ESfe  Vei17  Wtly  Pmst'  is  exP°sed  t0  chlorine  gas,  the  latter 
infZS  ab8f  ted,  and  a  compound  produced  which  Is  the  bleach- 
hfiffiv  commerce'  and  13  now  used  on  an  immense  scale,  for 
suhsHn  g  >  a-n,d  ?,otton  k'oock  Jt  is  requisite,  in  preparing  ibis 
^stance,  to  avoid  all  elevation  of  temperature,  which  may  1  >e  easi  ly 

tiStkf?v  oMoride  remaining  in  solution.    It  need  scarcely  be  men- 
wiai  tins  plan  ,s  Inapplicable  in  the  case  of  permanently  hard  waters. 
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done  by  supplying  the  chlorine  slowly  in  the  first  instance.  The 
product,  when  freshly  and  well  prepared,  is  a  soft,  white  powder, 
which  attracts  moisture  from  the  air,  and  exhales  an  odour  sensibly 
different  from  that  of  chlorine.  It  is  soluble  in  about  10  parts  of 
water,  the  unaltered  hydrate  being  left  behind:  the  solution  is 
highly  alkaline,  and  bleaches  feebly.  When  calcium  hydrate  is 
suspended  in  cold  water,  and  chlorine  gas  transmitted  through  the 
mixture,  the  lime  is  gradually  dissolved,  and  the  same  peculiar 
bleaching  compound  produced  :  the  alkalis  also,  either  caustic  or 
carbonated,  may  by  similar  means  be  made  to  absorb  a  large 
quantity  of  chlorine,  and  give  rise  to  corresponding  compounds; 
such  are  the  "  disinfecting  solutions"  of  Labarraque. 

The  most  consistent  view  of  the  constitution  of  these  com- 
pounds is  that  which  supposes  them  to  contain  salts  of  hypochlor- 
ous acid,  HC10,  a  substance  as  remarkable  for  bleaching  powers 
as  chlorine  itself;  and  this  opinion  seems  borne  out  by  a  careful 
comparison  of  the  properties  of  the  bleaching  salts  with  those  of 
the  true  hypochlorites.  Hypochlorous  acid  can  be  actually  ob- 
tained from  good  bleaching-powder,  by  distilling  it  with  dilute 
sulphuric  or  nitric  acid,  in  quantity  insufficient  to  decompose  the 
whole :  when  the  acid  is  used  in  excess,  chlorine  is  disengaged. 

If  this  view  be  correct,  chloride  of  calcium  must  be  formed 
simultaneously  with  the  hypochlorite,  as  shown  by  the  following 
equation: —  n  „ 

2CaO  +  Cl4  =  CaCl2  +  CaCl202. 

When  the  temperature  of  the  calcium  hydrate  has  risen  during 
the  absorption  of  the  chlorine,  or  when  the  compound  has  been 
subsequently  exposed  to  heat,  its  bleaching  properties  are  impaired 
or  altogether  destroyed :  it  then  contains  chlorate  and  chloride  ol 
calcium;  oxygen,  in  variable  quantity,  is  usually  set  free.  Ibe 
same  change  seems  to  ensue  by  long  keeping,  even  at  the  common 
temperature  of  the  air.  In  an  open  vessel  it  is  speedily  destroyed 
by  the  carbonic  acid  of  the  air.  Commercial  bleachrng-powdei 
thus*  constantly  varies  in  value  with  its  age,  and  with  the  care 
originally  bestowed  upon  its  preparation:  the  best  may  contain 
about  30  per  cent,  of  available  chlorine,  easily  liberated  by  an 
acid,  which  is,  however,  far  short  of  the  theoretical  quantity. 

The  general  method  in  which  this  substance  is  employed  m 
bleaching  is  the  following :— The  goods  are  first  immersed  in  B 
dilute  solution  of  chloride  of  lime  and  then  transferred  to  a  vaj 
containing  dilute  sulphuric  acid.  Decomposition  ensues;  tne 
calcium  both  of  the  hypochlorite  and  of  the  chloride  is  converted 
into  sulphate,  while  the  free  hypochlorous  and  hydrochloric  acios 
yield  water  and  free  chlorine  : — 

CaCl202  +  CaCl2  +  2H2S04  =  2CaS04  +  2HC10  +  SHO, 

and  HC10  +  HC1  =  H20  +  Gig. 
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The  chlorine  thus  disengaged  in  contact  with  the  cloth  causes 
destruction  of  the  colouring  matter.  The  process  is  repeated 
several  times,  since  it  is  unsafe  to  use  strong  solutions. 

On  the  same  principle,  white  patterns  are  imprinted  upon 
coloured  cloth,  the  figures  heing  stamped  with  tartaric  acid  thick- 
ened with  gum-water,  and  then  the  stuff  immersed  in  the  chloride 
bath,  when  the  parts  to  which  no  acid  has  been  applied  remain 
unaltered,  while  the  printed  portions  are  bleached. 

For  purifying  an  offensive  or  infectious  atmosphere,  as  an  aid  to 
proper  ventilation,  the  bleaching  powder  is  very  convenient.  The 
solution  is  exposed  in  shallow  vessels,  or  cloths  steeped  in  it  are 
suspended  in  the  apartment,  when  the  carbonic  acid  of  the  ail- 
slowly  decomposes  it  in  the  manner  above  described.  Addition 
of  a  strong  acid  causes  rapid  disengagement  of  chlorine. 

The  value  of  any  sample  of  bleaching  powder  may  be  easily 
determined  by  the  following  method,  in  which  the  feebly  com- 
bined chlorine  is  estimated  by  its  effect  in  oxidising  a  ferrous  salt 
to  iernc  salt,  2  molecules  of  ferrous  oxide,  FeO,  requirina  for  this 
purpose  2  atoms  of  chlorine  :  the  latter  acts  by  decomposing  water 
and  liberating  a  corresponding  quantity  of  oxygen.     78  (more 
correctly  78-16)  grains  of  green  ferrous  sulphate  are  dissolved  in 
about  two  ounces  of  water,  and  acidulated  by  a  few  drops  of  sul- 
phuric or  hydrochloric  acid:  this  quantity  will  require  for  oxidation 
10  grains  of  chlorine.    Fifty  grains  of  the  chloride  of  lime  to  be 
examined  are  next  rubbed  up  with  a  little  tepid  water,  and  the 
whole  transferred  to  the  burette  (p.  353),  which  is  then  filled  up 
to  u  with  water,  after  which  the  contents  are  well  mixed  by  agita- 
tion.   The  liquid  is  next  gradually  poured  into  the  solution  of 
non,  with  constant  stirring,  until  all  the  iron  is  brought  to  the 
state  ot  feme  salt,  which  may  be  known  by  a  drop  ceasing  to  oive 
a  deep-blue  precipitate  with  potassium  ferrocyanide.    The  number 
ol  grain-measures  of  the  chloride  solution  employed  may  then  be 
K :  f?™e  these  must  contain  10  grains  of  serviceable  chlorine, 
^  quantity  ol  the  latter  in  the  50  grains  may  be  easily  reckoned. 
'  nus,  suppose  72  such  measures  have  been  taken ;  then 

Measures.      Grs.  Chlorine.         Measures.         Grs.  Chlorine 
72       :       10  100  13-89 

The  bleaching  powder  contains  therefore  27'78  per  cent* 

nSpgn.^S^phfe  a  a1h,"h  temperature  with  charcoal  or 
liv  i  i  i  ;  t  L8+?earl3;  colourless,  and  but  little  soluble  in  water, 
ar«l  ^.togethercalciumhydrate,  water,  and  Bowers  of  sulphur, 
Hi,.  £ft  18  ohtamed,  which,  on  cooling,  deposits  crystals  ol 
«  wsuipnicle,  USjj,  containing  w&tei.    When  the  sulphur  is  in 

''Dictionnrv^Fr'rCnt?'  V"L  L  P-  593-    For  °«»er  methods  see  Walls's 
dictionary  ol  Chemistry,"  i.  p.  904. 
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excess,  and  the  boiling  long  continued,  a  P"^gg^B*,d! 
thiosulphuric  acid  is  formed  as  usual  during  these  reactions. 

Calcium  PHosPHiDE.-When  vapour  of  phosphorus  is  passed 
ovS  foa Cents  of  lime  heated  to  redness  in  a  porcelain  crucible,  a 
EolSwn  compound,  the  so-called  phosphuret  of  lime,  is  ^o- 
dnced  TtS 

and  Phosphate  When  thrown  into  water  it  yields  spontaneous^ 
Kn3 hydrogen  phosphide.  According  to  Paul  Thenard, 
ffEm phYsphkle  hi  this  compound  has  the  composition  P  Ca, 
£  coZcfwhh  water  it  yields  liquid  hydrogen  phosphide,  P2H4 

(P-  234) :          P2Ca2  +  2H20  =  2CaO  +  P2H4 : 
and  the  greater  portion  of  this  liquid  phospMde  is  inunediately 
decomposed  into  solid  and  gaseous  hydrogen  phosphide  :  5P2H4  - 
P4H2  +  6PH3.   

Reactions  of  the  Alkaline  Earth-metals  in ^M^n.-B^ 
strontium,  ana  calcium  are  thus  distinguished  from  all  other  sub- 

8tSiSS££W  carbonate,  ^-gjJ^H 

Si  carbonates,  and  carbonate  of  ammo,      «™  P™1" 
nitates  insoluble  in  excess  of  the  precipitant,  with  all  three. 
PflSCfSS,  or  a  sulphate,  aided 

the  salts  of  these  metals,  gives  an  ^^^^af ^ 
barium  salts ;  a  similar  precipitate  after  a  short mterval  with ^stron 
tium  salts ;  and  occasions  no  change  mth  calcium  salts     lhe  pre 
cipitates  with  barium  and  strontium  salts  are  insoluble  in  nitric 

^Solution  of  caUwm  sulphate  gives  an  i^tanteneous  cbudmth 
barium  salts,  and  one  with  strontium  salts  after  a  little  tune. 
S3«i<e  is  itself  sufficiently  soluble  to  occasion  turbidity 
when  mixed  with  barium  chloride.  ,nt!nn,  0f 

Lastly,  the  soluble  oxalates  give,  in  the  most .  ddut e  Boluti^  ol 
calciumysalts,  a  white  precipitate,  which  is  not ;  disso  ved  by.a  tej 
or  two  of  hydrochloric,  or  by  an  excess  of  acetic  acid,  this 
exceedingly  characteristic  test.  .  ,  „ninlir 

The  chlorides  of  strontium  and  calcium  dissolved  in  alcohol  «do« 
the  name  of  the  latter  red  or  purple:  barium  salts  communicate 
the  flame  a  green  pale  tint.  .  it, 

SiLfluoric  acid  gives  a  white  precipitate  with  barium  salt, 
none  with  salts  of  strontium  or  calcium. 
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GROUP  II.— METALS  OF  THE  EARTHS. 
The  dyad  earth-metals  are  beryllium,  yttrium,  erbium  lan than n™ 
md  dulvmmn,    With  these  4  will  Ve  ^vbUTSlS  ti5 
fcetradic  metals,  almmmum,  zirconium,  thoriniun,  and  cerium-  the 
first  three  because  then-  oxides  are  of  decidedlv  U+w  ^'1-. 


ALUMINIUM. 

Atomic  weight,  27 -4;  symbol,  Al. 


This  metal  occurs  very  abundantly  in  nature  in  the  state  of 

JSf*  Wlth  UOn  and  Slllcum  tha*  ^at  prepared  by  Devil's 

wlftSiS  aswSK  ft  itS  l0T  Specific  fa^>  -lucb  is 
high  polish     rY         ,te  a?  S1,ver'  and  18  capable  of  assuming  a 

promis,.  t(1  |       ataJ  articles.    Some  oi  the  alloys  of  aluruimum 

anceto  gold  'Xs  1  J  Vs  ''ema,rkfl,'l(:  »*™K  "milar  in  appear- 
and „„,  bronze.    ^  m  C0I11»^e  under  the  name  ot 

ft;^rbfS!^rt"rf*5ri^ia  au"r  «•'»''•'' 

tG  „  <  t(m.  l.-.  t,  one  atom  of  the  metal  being  equivalenl 

oxide,  Al"'  g  V  chloride  is  AI"'<V  the 

k»o  atoms  V',1,;  ;      '  oomPounds,  however,  contains 

ol  alunnnuun,andit  may  therefore  be  supposed  thai 
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is  f  C'S  .  That  such  i>  the  case  is  interred  from  the  resemblance 
ofSumnnium  compounds  to  the  ferric  aud  chromic  compounds 

the  receiver : 

AU03  +  C3  +  Cl6  =  A12C1G  +  SCO. 

Aluminium  chloride  is  a  transparent  ^^^J1^ 
crystalline  structure  colourless  tVoils 
ing  a  yeUow  colour,  due  perhaps  to  the  P^^"^°\"Xolic  acid. 

and  hydrochloric  acid.  9-NKCl  is  obtained  by 

At—um  and  Sodium  ™°^>^&f^ov S  proportions, 
melting  together  the  component  chloride s  m  pi °P^  P  g  the 

or  by  adding  the  requisite  ^^^.^0™ L^nof  alumi- 
mixture  of  ahunina  and  charcoal  used  forthe  p  ep^tiou  oi 
nium  chloride,  igniting  the  mass  m  ?  J^Xe  mass, 

and  condensing  the  vapour 111  a  recei  vei.    it  is ;  aciysi 
less  deliquescent  than  akunmmm  cldoride,  and,  tneieiore, 
convenient  for  the  preparation  of  aluminium. 

Aluminium  Fluoride,  Al2Ffl,  is  P^duced  by 
caseous  silicium  fluoride  on  aluminium,  and  forms  cubic  erg 
folaSmg  at  a  red  heat,  insoluble  m  water,  and  resistin,, 
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calcined  alumina,  and  sodium  carbonate  fWnlif*  r^^.  n  . 
crystals,  colourless,  transparent  sX,  rtor^Il         ™f  ^adratic 

corimdum,  of  which  the  miwXi  i:PP  he  mmeral  called 
consists  of  n3y  Jme  5^, ^  H?nsParent  varieties, 

httlecoloi^  oLle  emer^l^  *  W^ed  state,  with  a 
is  a  coarse  Sty  of  Cff  f  P  ^  gkSS  and  metals> 
and  its  salts  ^l^^T  u  a  ™7  feeble  base,' 

J£7Tm  ^^-^--Alumimum  forms  three  hydrates; 

mast  Xt^rutbS  toSLS?^"  £T  *  ^-nt 
whole  of  their  wato  at  360p  Whm  Wd'  and  ^e  off  the 

^v-n,h  ammonia  or  Skaline  clX^l  Sa^^Tal^m'  for  e^mple- 
Jeat,  it  forms  a  oftSble  maTt^n  Th  60  ^1**  a  moderate 
forma  a  stiff  paste  with  wlter  Kl  adH^es1to  tongue  and 
At  a  strong  red  heat  it  Tinvul  t  n0*  dlSSolve  in  that  liquid, 
^at  contraction  5' ^o£ne  IttiJ?™'  aW 
?<ads,  and  in  the  fixed  caS  al£l£  m    mthi  ?-eat  facij% 

potash  i«exPTed^ 
ttCld' "ie  alurmS tSvS™?f >  *he  potash  absorbs  carbonic 

in  wldte 

'■"•"'•i".-s  w  T,    n      V       J™*  of,  stable  colouring 
whi,:l'  isthusremoS  eSr     r      ,'"W,I'  k¥  colouring  matter, 

01  this  «atu?e    S  .;,  g^ta  called  fafe,  are  compounds 

a^llirea  the  Bame  „„«  ^pregnated  with  alumina 

""'^'f  '-,„r    „  retamn§  C0l0Uling  matters:  hence 

^uminium  8alts  asmw^  to  p,,,,iur,  n,,!  colours. 

lucent-  flbw2S5»?     n  ":;'iv"  as  a  atalactitic, 

.   orous mineral,  easily  dissolved  by  acids. 
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Dihydrate.— When  a  dilute  solution  of  aluminium  diacetate  is 
exposed  for  several  days  to  a  temperature  of  100°  in  a  close  vessel 
tlTacetic  acid  appears^  be  set  free,  although  bo  V%$»** il 
alumina  takes  place.    The  liquid  acqmres  the  taste  of  acetic  scii, 
and  if  afterwards  boiled  in  an  open  vessel  gives  off  nearly  the 
whole  of  its  acetic  acid,  the  alumina  nevertheless,  r—  m 
solution.    This  solution  is  coagulated  by  mineral  acids  and  by 
mo    vegetable  acids,  by  alkalis,  and  by  decoctions  of  dye-woods. 
The  ahunina  contained  in  it  is,  however,  no  longer  capable  of 
acting  as  a  mordant.   Its  coagulum  with  dye-woods  has  JhecolouT 
of  the  infusion,  but  is  translucent  and  totally  different  from  the 
dense  opaque  lakes  which  ordinary  alumina  forms  with  the  same 
colouring  matters.  On  evaporating  the  solution  to  dryness  at  100  , 
the  aluinina  remains  in  the  form  of  chhydrate  retaining  only  a 
trace  of  acetic  acid.    In  this  state  it  is  insoluble  in  the  stronger 
acids,  Mt  soluble  in  acetic  acid,  provided  it  has  not  been  pre- 
viously coagulated  in  the  manner  just  mentioned.    Boiling  potash 
converts  it  into  the  trihydrate*  .  , 

Aluminates.-The  hydrogen  in  aluminium  trihydrate  may  be 
replaced  by  an  equivalent  quantity  of  various  metals ;  such  com- 
pounds  are  called  aluminates.  According  to  Fremy  asolntaon 
alumina  in  potash  slowly  evaporated,  out  of  contact  with  the  air 
deposits  granular  crystals  of  potassium  alunmiate,  M  KU  oi 
Al!o,K90.  Similar  compounds  occur  native ;  thus  Spmell  m  an 
aliuninate  of  magnesium,  (AL^Mg-O,;  Gahmte,  an  alummate  of 
zinc,  (Al2)riZn"04. 

Aluminium  Sulphide,  A12S3. -When  the  vapom-  of  carbon 
bisulphide  is  passed  over  aluinina,  at  a  bright  red  heat  a  glassj 
melted  mass  remains,  which  is  instantly  decomposed  by  watei, 
with  evolution  of  sulphuretted  hydrogen. 

Aluminium  Sulphate,  (Al2r(S04)3. 18H20,  or  A1203 .  3S03  • 
1 8H90.— Prepared  by  saturating  dilute  sulphuric  acid  with  alumin- 
ium hydrate,  and  evaporating;  or,  on  the  large  scale,  by  neatm| 
clay  with  sulphuric  acid.  It  crystallises  in  thin  pearly  plates, 
soluble  in  2  parts  of  water:  it  has  a  sweet  and  astringent  taste, 
and  an  acid  reaction.  Heated  to  redness,  it  is  decomposed,  leaving 
pure  ahunina.  Two  other  aluminium  sulphates,  with  excess  oi 
base,  are  also  described,  one  of  which  is  insoluble  m  water. 

Aluminium  sulphate  combines  with  the  sulphates  of  potassium, 
sodium,  and  ammonium,  and  the  other  alkah-metals,  iormrng 
double  salts  of  great  interest,  the  alums.  Common  alum ,  tiie 
source  of  all  the  preparations  of  alumina,  contains  Al  MWiA! 
12H  0  It  is  manufactured  on  a  very  large  scale  from  a  kind  oi 
slatvciay  loaded  with  iron  bisulphide,  which  abounds  m  certain 
localities  This  is  gently  roasted,  and  then  exposed  to  the  an;  m 
a  moistened  state ;  oxygen  is  absorbed ;  the  sulphur  becomes  acid* 
*  Walter  Crura,  Chem.  Soc.  Journ.,  vi.  225. 
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fied ;  ferrous  sulphate  and  aluminium  sulphate  are  produced,  and 
afterwards  separated  by  lixiviation  with  water.  The  solution  is 
next  concentrated,  and  mixed  with  a  quantity  of  potassium 
chloride,  which  decomposes  the  iron-salt,  forming  ferrous  chloride 
and  potassium  sulphate:  the  latter  combines  with  the  almninium 
sulphate  to  form  alum.  By  crystallisation  the  alum  is  separated 
from  the  highly  soluble  iron  chloride,  and  afterwards  easily 
purified  by  a  repetition  of  the  process.  Other  methods  of  alum 
making  exist,  and  are  sometimes  employed.  Potassium-alum 
crystallises  in  colourless,  transparent  octohedrons  which  often 
exhibit  the  faces  of  the  cube.  It  has  a  sweetish  and  astringent 
taste,  reddens  litmus-paper,  and  dissolves  in  18  parts  of  water  at 
15-5°,  and  in  its  own  weight  of  boiling  water.  Exposed  to  heat, 
it  is  easily  rendered  anhydrous,  and  by  a  very  high  temperature  it 
is  decomposed.  The  crystals  have  little  tendency  to  change  in 
the  air.  Alum  is  largely  used  in  the  arts,  in  preparing  skins, 
dyeing,  &c. :  it  is  occasionally  contaminated  with  iron  oxide,  which 
interferes  with  some  of  its  applications.  The  celebrated  Roman 
alum,  made  from  alum-stone,  a  felspathic  rock  altered  by  sulphur- 
ous vapours,  was  once  much  prized  on  account  of  its  freedom  from 
this  impurity.  A  mixture  of  dried  alum  and  sugar,  carbonised  in 
an  open  pan,  and  then  heated  to  redness  in  a  glass  flask,  contact 
with  air  being  avoided,  furnishes  the  pyrophorus  of  Romberg,  which 
ignites  spontaneously  on  exposure  to  the  air.  The  essential 
ingredient  is,  in  all  probability,  finely  divided  potassium  sid- 
phule. 

Sodium-alum,  in  which  sulphate  of  sodium  replaces  sulphate  of 
potassium,  has  a  form  and  constitution  similar  to  that  of  the  salt 
described:  it  is,  however,  much  more  soluble,  and  difficult  to 
crystallise. 

Ammonium-alum,  containing  NH4  instead  of  K,  very  closely 
resembles  common  potassium  alum,  having  the  same  figure,  appear- 
ance, and  constitution,  and  nearly  the  same  degree  of  solubility  as 
that  substance.  It  is  manufactured  for  commercial  use.  As  the 
Value  ol  potassium  salts  is  continually  increasing,  ammonium-alum, 
WAicn  may  be  used  m  dyeing  with  the  same  advantage  as  the 
corresponding  potassium  salt,  Las  almost  entirely  replaced  the 

'" :iasl/,m-.a] um-  When  heated  to  redness,  ammonium-alum  yields 
pure  alumina.  • 

iiK^^^^sCSO^  •  12H20,  and  Rubidium  -  alum, 
AY" A  C2  '  re8emb,e  Potassium  alum.     A  silver  alum, 

„f  ^&V^2- 12.H20)  is  formed  by  heating  equivalent  quantities 
w  argentic  and  aluminium  sulphates  till  the  former  is  dis- 
wivea.    It  crystallises  in  regular  octohedrons,  and  is  resolved  by 
S1™  lta  component  salts.    There  is  also  a  thalMwm  alum, 
T   fi     r  12H2°»  wflich  crystallises  b  regular  octohedrons. 
mostly,  there  are  alums  isomorphous  with  those  just  described, 
m  which  the  trivalent  aluminium  is  replaced  by  trivalent  iron, 
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chromium,  and  manganese:  for  example,  potassio-ferric  sulphate 
or  potassium  iron  alum,  Fe"'K(S04)2.12H20 ;  ammomo-chromic 
sulphate,  Cr"'NH4(S04)2.12H20.    These  will  be  described  further 

0IFew  other  aluminium  salts  present  especial  interest  except  the 
silicates;  but  these  latter  are  of  great  importance.    Silicates  oi 
aluminium  enter  into  the  composition  of  a  number  of  crystallised 
minerals,  among  which  felspar,  by  reason  of  its  abundant  occur- 
rence, occupies  a  prominent  place.    Granite,  porphyry,  trachyte, 
and  other  ancient  unstratified  rocks,  consist  m  great  part  oi  this 
mineral,  which,  under  peculiar  circumstances,  by  no  means  well 
understood,  and  particularly  by  the  action  of  the  carbonic  acid  oi 
the  air,  suffer  complete  decomposition,  being  converted  into  a  sort, 
friable  mass  of  earthy  matter.    This  is  the  origin  of  clay:  the 
change  itself  is  seen  in  great  perfection  m  certain  districts  ot 
Devonshire  and  CornwaU,  the  felspar  of  the  fine  white  granite  ot 
those  localities  being  often  disintegrated  to  an  extraordinary  depth, 
and  the  rock  altered  to  a  substance  resembling  soft  mortar.  iiy 
washing,  this  finely  divided  matter  is  separated  from  the  quartz 
and  mica;  and  the  milk-like  liquid,  being  collected  in  tanks  and 
suffered  to  stand,  deposits  the  suspended  clay,  which  is  afterwards 
'  dried,  first  in  the  air,  and  afterwards  in  a  stove,  and  employed  in 
the  manufacture  of  porcelain.    The  composition  assigned  to  unal- 
tered felspar  is  AlKSi308,  or  AlKSi04.2Si02,  or  Al203.K20.6Si02. 
The  exact  nature  of  the  change  by  which  felspar  passes  into  porce- 
lain clay  is  unknown,  although  it  evidently  consists  in  the  abstrac- 
tion of  silica  and  alkali. 

When  the  decomposing  rock  contains  iron  oxide,  the  clay  pro- 
duced is  coloured.  The  different  varieties  of  shale  and  slate  result 
from  the  alteration  of  ancient  clay-beds,  apparently  in  many 
instances  by  the  infiltration  of  water  holding  silica  m  solution : 
the  dark  appearance  of  some  of  these  deposits  is  due  to  bituminous 
matter.  .      .  -A 

It  is  a  common  mistake  to  confound  clay  with  alumina :  au 
clays  are  essentially  silicates  of  that  base ;  they  often  vary  a  good 
deal  in  composition.    Dilute  acids  exert  little  action  on  these 
compounds ;  but  by  boiling  with  oil  of  vitriol,  alumina  is  dissolved 
out,  and  finely  divided  silica  left  behind.    Clays  containing  an 
admixture  of  calcium  carbonate  are  termed  marls,  and  are  recog- 
nised by  effervescing  with  acids.  ...    j  rtrtTl 
A  basic  aluminium  silicate,  AL,03Si02,  is  found  crystalhsed,  coil 
stituting  the  beautiful  minerarcalled  cyanite.    The  compounds 
formed  by  the  union  of  the  aluminium  silicates  with  other  silicates 
are  almost  innumerable.     A  sodiiun  felspar,  albite,  containing 
that  metal  in  place  of  potassium,  is  known,  and  there  are  tvro 
somewhat  similar  lithium  compounds,  spodumene  and  petcum, 
The  zeolites  belong  to  this  class ;  analcimc,  nephehne,  mesotype,  sc., 
are  double  silicates  of  sodium  and  almninium,  with  water  ot  crysj 
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tallisation.    Stilbite,  heulavxlite,  laumontite,  prehnite,  &c,  consist  of 
calcium  silicate  combined  with  silicate  of  ahvminiiun.  The  garnets 
axdnite,  mica,  &c,  have  a  similar  composition,  but  are  anhydrous! 
Iron  sesquioxide  is  very  often  substituted  for  alumina  in  these 
minerals. 


Salts  of  aluminium,  when  moistened  with  cobalt  nitrate  and 
heated  before  the  blow-pipe,  assume  a  characteristic  blue  colour. 

Alumina,  when  in  solution,  is  distinguished  without  difficulty. 
Caustic  potash  and  soda  occasion  white  gelatinous  precipitates  of 
aluminium  hydrate,  freely  soluble  in  excess  of  the  alkali.  Ammonia 
produces  a  similar  precipitate,  insoluble  in  excess  of  the  reagent. 
The  alkaline  carbonates  and  carbonate  of  ammonia  precipitate  the 
hydrate,  with  escape  of  carbonic  acid.  The  precipitates  are  insol- 
uble in  excess. 

Ammonium  sulphide  also  produces  a  white  precipitate  of  alumin- 
ium hydrate. 


BERYLLIUM,  or  GLUCINUM. 

Atomic  weight,  9-4;  symbol,  Be. 

This  somewhat  rare  metal  occurs  as  a  silicate,  either  alone  as  in 
phenacite,  or  associated  with  'other  silicates,  in  beryl,  euclase, 
leucophane,  helvite,  and  several  varieties  of  gadolinite ;  also  as  an 
auunmate  in  chrysoberyl  or  cymophane. 

Metallic  beryllium  is  obtained  by  passing  the  vapour  of  the 
chloride  over  melted  sodium.  It  is  a  white  metal  of  specific  gravity 
*\ ;  it  may  be  forged  and  rolled  into  sheets  like  gold ;  its  melting 
point  is  below  that  of  silver.  It  does  not  decompose  water  at  the 
I50i hng  heat  Sulphuric  and  hydrochloric  acids  dissolve  it,  with 
evolution  of  hydrogen. 

Beryllium  forms  but  one  class  of  compounds,  and  there  is  con- 
querable doubt  as  to  its  atomic  weight  and  equivalent  value.  On 
tne  one  hand  it  is  regarded  as  a  dyad,  like  calcium  and  magnesium, 
with  tli,.  atomic  weight  9'4,  its  chloride  being  BeCl2,  its  oxide, 
«;u ;  on  the  other  hand,  as  a  tetrad,  like  aluminium,  with  apparent 
^-equivalent ;  value,  on  which  supposition  its  chloride  would  be 
«i  y  its  oxide,  Be20?  and  its  atomic  weight  14;  but  the  former 
gwj  ^, pears,  on  the  whole,  to  be  most  in  accordance  with  observed 

Bkrvu.iuj,  (,'Hr.oiw>K,  LVC12,  j8  f„rmed  by  heating  the  metal 
li I- 1  !  V" ' ■ ' hydrochloric,  arid  Ri,H,  ,„•  l,y  the  action  of  aqueous 
^ochloric  acid  on  the  metal  or  its  oxide. 

ine  anhydrous  chloride  is  prepared  l,y  passing  chlorine  over  an 
~nii<;'i  n.iNimv  of  beryllia  and  charcoal  It  is  less  volatile  than 
•iiomimum  chloride,  very  deliquescent,  and  easily  soluble  in  water, 
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Beryllium  Oxide.— Beryllia,  BeO.— This  earth  may  he  pre- 
pared from  beryl,  or  either  of  the  other  beryllium  silicates  by 
fusincr  the  finely  pounded  mineral  with  potassium  carbonate  or 
quicklime;  treating  the  fused  mass  with  hydrochloric  acid  ;  eva- 
porating to  dryness;  then  moistening  the  residue  with  hydro- 
chloric acid,  and  treating  it  with  water  whereby  _  every  thing  is 
dissolved  except  the  silica.  The  filtered  lupoid  is  then  mixed 
with  excess  of  ammonia  solution,  which  throws  down  a  bulky 
precipitate  containing  both  alumina  and  beryllia;  this  precipitate 
is  well  washed,  and  the  beryllia  is  dissolved  out  from  the  alumina 
bv  digestion  in  a  cold  strong  solution  of  ammonium  carbonate. 
The  liquid  is  again  filtered,  and  on  boding  it,  berylhum  carbonate 
is  deposited  as'  a  white  powder,  which,  when  ignited,  leaves  pure 

^BeMlia  is  very  much  like  alumina  in  physical  characters  and 
further  resembles  that  substance  in  being  readily  dissolved  by 
caustic  potash  or  soda;  but  it  is  distinguished  from  alumina  by 
its  solubility,  when  recently  precipitated,  m  a  cold  solution  of 
ammonium  carbonate.  Beryllium  salts  have  a  sweet  taste  whence 
the  former  name  of  the  metal,  glucinium  (from  yMg).  ^ey  are 
colourless,  and  are  distinguished  from  those  of  aluminium  by  not 
yielding  an  alum  with  potassium  sulphate,  nor  a  blue  colour  when 
heated  before  the  blowpipe  with  cobalt  nitrate;  also  by  their 
reaction  with  ammonium  carbonate. 


ZIRCONIUM. 

Atomic  weight,  89-6;  symbol,  Zr. 
This  is  a  tetrad  metal,  intermediate  in  many  of  its  properties 
between  aluminium  and  silicium.  Its  oxide,  zirconia,  was  MOT 
obtained  by  Klaproth,  in  1789,  from  zircon,  which  is  a  silicate  oi 
zirconium.  It  has  since  been  found  in  fergusonite,  eudiaiyte,  ana 
two  or  three  other  rare  minerals.  , 

Zirconium,  like  silicium,  is  capable  of  existing  in  three  different 
states,  amorphous,  crystalline,  and  graphitoidal.  The  amorphous 
and  crystalline  varieties  are  obtained  by  processes  similar  to  tnose 
described  for  preparing  the  corresponding  modifications  ot  silicium  . 
graphitoidal  zirconium  was  obtained,  by  Troost,  m  attempting  to 
decompose  sodium  zirconate  with  iron,  in  light  scales  ot  a  steei- 
arey  colour.  Amorphous  zirconium  when  heated  m  the  air  taxes 
Wat  a  heat  somewhat  below  redness,  and  burns  with  a  brigm 
light  forming  zirconia.  Crystalline  zirconium  forms  very  nam 
brittle  scales  resembling  antimony  in  colour  and  lustre  ;  it  »uin» 
in  the  air  only  at  the  heat  of  the  oxy-hydrogen  blow-pipe,  WJ 
takes  fire  at  a  red  heat  in  chlorine  gas.  Zirconium  is  but  Ml 
attacked  by  the  ordinary  acids ;  but  hydrofluoric  acid  dissones 
readily,  with  evolution  of  hydrogen. 
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Zirconium  Oxide,  or  Zirconia,  ZrO.,,  is  prepared  by  strongly 
igniting  zircon  (zirconium  silicate),  with  four  times  its  weight  of 
dry  sodium  carbonate  and  a  small  quantity  of  sodium  hydrate. 
The  silica  is  separated  from  the  fused  mass  by  hydrochloric  acid' 
as  described  in  the  case  of  beryllia ;  the  resulting  solution  is  treated 
with  ammonia,  which  throws  down  zirconia  generally  mixed  with 
ferric  oxide ;  the  precipitate  is  redissolved  in  hydrochloric  acid ; 
and  the  solution  is  boiled  with  excess  of  sodium  thiosulphate  as 
long  as  sulphurous  acid  continues  to  escape,  whereby  pure  zirconia 
is  precipitated,  the  whole  of  the  iron  remaining  in  the  solution. 
Zirconia  thus  obtained  forms  a  white  powder  or  hard  lumps  of 
specific  gravity  4"35  to  4-9.  By  fusing  it  with  borax  in  a  pottery 
furnace  and  dissolving  out  the  soluble  salts  with  hydrochloric  acid, 
zirconia  is  obtained  in  small  quadratic  prisms  isomorphous  with 
the  native  oxides  of  tin  and  titanium. 

Zirconium  hydrates  are  obtained  by  precipitating  the  solution 
of  a  zirconium  salt  with  ammonia ;  the  precipitate  contains 
ZrH203  =  Zr02.H20,  or  ZrH404  =  Zr02.2H90,  according  to  the 
temperature  at  which  it  is  dried. 

Zirconia  acts  both  as  a  base  and  as  an  acid.  After  ignition  it  is 
insoluble  m  all  acids  except  hydrofluoric  and  very  strong  sulphuric 
acid,  but  the  hydrate  dissolves  easily  in  acids,  forming  the  zir- 
conium salts ;  the  normal  sulphate  has  the  composition  Zr"(SCM„ 
or  Zr02.2S03.  " 

Compounds  of  zirconia  with  the  stronger  bases,  called  zir con- 
ate  s,  are  obtained  by  precipitating  a  zirconium  salt  with  potash 
or  soda,  or  by  igniting  zirconia  with  an  alkaline  hydrate.  Potas- 
sium zirconate  dissolves  completely  in  water.  Three  sodium  zircon- 
txtes  have  been  formed,  containing  Na2ZrO,  =  Na9O.ZrO„  ; 
Na4Zr04  =  2Na2O.Zr02;  and  Na2Zr8017  =  Na20 . 8Zr02 . 

Zirconium  Fluoride,  ZrF4.— This  compound"  is  obtained  by 
Mssolvrng  zirconia,  or  the  hydrate,  in  hydrofluoric  acid;  or  in 
the  anhydrous  state,  by  igniting  zirconia  with  ammonium  and 
ayclrogen  fluoride  till  all  the  ammonium  fluoride  is  clriven  off. 
n  unites  with  other  metallic  fluorides,  forming  double  salts,  called 
rides  fluozirconate8,  which  are  isomorphous 
ill.  the  corresponding  silicofluorides,  stannofluorides,  and  titano- 
nnondes,  and  are  mostly  represented  by  the  formulas— 

4MF.ZrF4;    3MF.ZrF4;    2MF.ZrF4;  MF.ZrF4, 

which  M  denotes  a  monad  metal.    The  sodium  salt,  however, 
«aa  the  composition  5NaF.3ZrF4. 
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THORINUM,  or  THORIUM. 

Atomic  weight,  231-5  ;  symbol,  Th. 
This  very  rare  metal  was  discovered  in  1828  by  Berzelius  in 
thorite,  a  mineral  from  the  Norwegian  island  Lovon,  m  which  it 
exists  as  a  sdicate.  It  has  since  been  found  in  euxenite,  pyrochlore, 
and  a  few  other  minerals,  all  very  scarce.  _ 

Metallic  thorinum  is  obtained  by  reducing  the  chloride  ™ 
potassium  or  sodium,  as  a  grey  powder  which  acquires  metallic 
lustre  by  pressure,  and  has  a  density  of  7*66  to  7'ft.  It  is  not 
oxidised  by  water,  dissolves  easily  in  nitric,  slowly  in  hydrochloric 
acid,  and  is  not  attacked  by  caustic  alkalis. 

Thorinum  forms  but  one  class  of  compounds,  m  all  ot  which  it 
is  bivalent, 

Thorinum  Oxide,  or  Thorina,  Th02,  is  prepared  by  decompos- 
ing thorite  with  hydrochloric  acid,  separating  the  silica  in  the 
usual  way,  treating  the  filtered  solution  with  hydi'ogen  sulphide 
to  separate  lead  and  tin,  and  precipitating  the  thorina  by  ammonia, 
together  with  small  quantities  of  the  oxides  of  iron,  manganese, 
and  uranium.  To  get  rid  of  these,  the  precipitate  is  redissolved 
in  hydrochloric  acid,  and  the  hot  saturated  solution  is  boiled  with 
a  solution  of  neutral  potassium  sulphate.  The  thoriumn  is  thereby 
precipitated  as  thorinum  and  potassium  sidphate ;  and  from  the 
solution  of  this  salt  in  hot  water,  the  thorinum  is  precipitated  as 
a  hydrate,  which,  on  ignition,  yields  pure  thorina  _ 

Thorina  is  white,  and  very  heavy,  its  specific  gravity  being 
9-402.  After  ignition  it  is  insoluble  in  nitric  and  hydrochloric 
acids,  and  dissolves  in  strong  sulphuric  acid  only  after  prolonged 
heating.  The  hydrate  precipitated  from  thormum  salts  by  alkalis 
dissolves  easily  in  acids. 

Thorinum  Chloride,  ThCl4,  prepared  by  igniting  an  intimate 
mixture  of  thorina  and  charcoal  in  chlorine  gas,  sublimes  in  white 
shining  crystals.  It  forms  double  salts  with  the  chlorides  ot  the 
alkali-metals. 

Thorinum  Sulphate,  Th"S04,  crystallises  with  various  quan- 
tities of  water,  according  to  the  temperature  at  winch  its  solution 
is  evaporated.  Tlwrinum  and  potassium  sulphate,  TlTK^bU^  • 
2H,0,  separates  as  a  crystalline  powder  when  a  crust  of  potassium 
sidphate  is  suspended  in  a  solution  of  thorinum  sulphate.  It  is 
easily  soluble  in  water,  but  insoluble  in  alcohol  and  in  solution 
of  potassium  sidphate. 
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CERIUM.— LANTHANUM.— DIDYMIUM. 

Ce  =  92.  -La  =  93-6,-Di  =  95. 

These  three  metals  occur  together  as  silicates  in  the  Swedish 
mineral  cerite,  also  in  allanite,  orthite,  and  a  few  others ;  and  as 
phosphates  in  monazite,  edwardsite,  and  cryptolite,  a  mineral 
occurring  disseminated  through  apatite  and  through  certain  cobalt 
ores. 

Cerium  was  discovered  in  1803  by  Klaproth,  and  by  Hisino-er 
and  Berzelius,  who  obtained  it  in  the  form  of  oxide  from  cerfte. 
This  mineral  is  completely  decomposed  by  boiling  with  strono- 
hydrochloric  acid,  silica  being  separated,  and  the  cerium,  together 
with  iron  and  other  metals,  dissolving  as  chloride.  On  treating 
the  acid  solution  thus  obtained  with  oxalic  acid,  cerium  oxalate  is 
precipitated  as  a  white  crystalline  powder,  which,  when  ignited 
leaves  a  brown  oxide.  The  product  thus  obtained  was  for  some 
tune  regarded  as  the  oxide  of  a  single  metal,  cerium ;  but  in  1839 
and  1841,  Mosander*  showed  that  it  contained  the  oxides  of  two 
other  metals,  which  he  designated  as  lanthanumt  and  didv- 
mium.J  J 

Cerium  oxide  may  be  separated  from  the  oxides  of  lanthanum 
and  didymium  by  treating  the  crude  brown  oxide  above  men- 
tioned first  with  dilute  and  then  with  strong  nitric  acid,  which 
gradually  removes  the  whole  of  the  lanthanum  and  didymium 
oxides.  J 

The  separation  of  these  two  oxides  one  from  the  other  is  much 
more  chfficiilt,  and  can  be  effected  only  by  successive  crystallisa- 
tion of  then-  sulphates.  If  the  lanthanum  salt  is  in  excess,  in 
WHich  case  the  solution  of  the  mixed  sulphates  has  only  a  faint 
amethyst  tinge,  the  liquid  is  evaporated  to  dryness,  and  the  residue 
neated  to  a  temperature  just  below  redness,  to  render  the  sulphates 
anhydrous.  The  residue  thus  obtained  is  then  to  be  added  bv 
nraiJ  portions  to  ice-cold  water,  which  dissolves  it  easily,  and 

he  resulting  solution  heated  in  a  water-bath  to  about  40°.  Lan- 
™£  8UJPj!a1te  <*en  crystallises  out,  containing  only  a  small 
quantity  of  didymium,  and  may  be  further  purified  by  repeating 

he  whole  process.  If,  on  the  other  hand,  the  didymium  salt  is 
in  excess,  m  which  case  the  liquid  has  a  decided  rose  colour,  aepa- 

;       may  be  effected  by  leaving  the  acid  solution  in  a  warm 

'r,  ,  '"'  a,  T7, °r,  tW0>  Didy™um  sulphate  then  separates  in 
'arge  rhomboheclral  crystals. 

rPrw!al'u  ce™™>  laudanum,  and  didymium  are  obtained  by 
cine  trie  chlorides  with  sodium,  in  the  lorn,  of  greV  powders, 
"  !  decompose  water  at  ordinary  temperatures,  and  dissolve 
ul"'llv  in  dilute  acids  will,  evolution  of  hydrogen. 

t  Fromf°r5S  A"nn'""'  xlvi-  648;  xlvii-  207;  Ivi.'  504. 

T  iiom  XavQ&vw,  to  he  hid.  $  From  mv/ioh  Uvins. 
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Cerium  forms  three  series  of  compounds:  the  cerous  com- 
pounds, in  which  it  is  bivalent,  e.g.,  CeCl2,  CeO  ,  CeS04 ;  the 
eerie  compounds,  in  which  it  is  apparently  trivalent,  but  really 

quadrivalent,  like  the  ferric  salts,  e.g.,  eerie  fluoride,  Ce2F6= 


CeFs 


and  the  ceroso-ceric  compounds,  of  intermediate  composition, 
and,  perhaps,  consisting  of  compounds  of  the  other  two,  e.g.,  ceroso- 
ceric  oxide,  Ce304=CeO.Ce203.  .      .  .  „ 

Cerous  oxide  CeO,  is  obtained  by  igniting  the  carbonate  or  oxa- 
late in  a  current  of  hydrogen,  as  a  greyish-blue  powder,  quickly 
converted  into  ceroso-ceric  oxide  on  exposure  to  the  air  Its  salts 
are  colourless.  The  sulphate,  CeS04,  crystallises  with  various 
quantities  of  water,  according  to  the  temperature  at  which  it  is 
deposited.  Cerium  and  potassium  sulphate,  CeK2(bU4)2,  separates 
as  a  white  powder  on  immersing  solid  potassium  sulphate  in  a 
solution  of  a  cerous  salt.  It  is  slightly  soluble  in  ptire  water,  but 
insoluble  in  a  saturated  solution  of  potassium  sulphate.  lne 
formation  of  this  salt  affords  the  means  of  separating  cerium  irorn 
most  other  metals.  t.    .     .,  p„„ 

The  only  eerie  compounds  actually  known  are  the  fluoride,  Oe2*6, 
already  mentioned,  which  may  be  obtained  as  a  yeUow  precipitate, 
and  likewise  occurs  native  asfluocerite,  and  an  oxyfluonde,  Le4*6u3, 
occurring  as  fluocerine  at  Finnbo,  in  Sweden. 

0=Ce 

I  >o 

Ceroso-ceric  oxide*  Ce304,  or     Ce     ,  analogous  in  composi- 

°=Ce> 

tion  to  ferrosoferric  or  magnetic  iron  oxide,  is  produced  when 
cerous  hydrate,  carbonate,  or  nitrate  is  ignited  m  an  open  vessel. 
It  is  yellowish-white,  acquires  a  deep  orange-red  colour  wiien 
heated,  but  recovers  its  original  tint  on  cooling.  It  is  not  converted 
into  a  higher  oxide  by  ignition  in  oxygen.  Ceroso-ceric  hydral* 
Ce,04.3H90,  obtained  by  passing  chlorine  into  aqueous  potasli  m 
which  cerous  hydrate  is  suspended,  is  a  bright  yellow  precipi- 
tate, which  dissolves  readily  in  sulphuric  and  nitric  acids,  lorm- 
ins  yellow  solutions  of  ceroso-ceric  salts;  and  in  nydrocniono 
acid,  with  evolution  of  chlorine,  forming  colourless  cerous 
chloride.  ,•  n 

The  solution  of  the  sulphate  yields  by  spontaneous  evaporation, 
first,  brown-red  crystals  of  the  salt,  Ce6(S04)fl.18  aq.,  or  3Le  bU*« 

(Ce,y,(S04),.18  aq.,  and  afterwards  a  yellow  indistinctly  civs 

tallhie  salt,  containing  Ce"SO.,(Ce2)-;(SO,1)3 . 18  aq. 

AH  ceroso-ceric  compounds,  when  heated  with  hydrochloric  acia, 
*  A  sesquioxide,  Cea08,  is  commonly  said  to  exist,  and  is  designated  « 

eerie  oxide,  but  there  is  no  proof  of  its  existence;  neither  are  any  salts 

analogous  composition  known  with  certainty. 
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give  off  chlorine,  and  are  reduced  to  the  corresponding  cerous  com- 
pounds; thus: 

Ce304  +  8HC1  =  3CeCl2  +  4H20  +  Cl2. 

Lanthanum  isl3ivalent,'forming  only  one  set  of  compounds,  viz. 
LaCL,  LaO,  LaS04.  There  is,  however,  a  higher  oxide,  the  com- 
position of  which  is  not  exactly  known.  Lanthanum  salts  are 
colourless;  their  solutions  yield,  with  alkalis,  a  precipitate  of 
lanthanum  hydrate,  LaH20„  or  LaO.H20,  which,  when  United 
leaves  the  white  anhydrous  monoxide.  Both  the  hydrate  and  the 
anhydrous  oxide  dissolve  easily  in  acids.  Lanthanum  sulphate 
forms  small  prismatic  crystals,  containing  LaS04.3H20.  Lantha- 
num and  potassium  sulphate,  LaK,(S04)„  is  formed,  on  mixinc  the 
solution  of  lanthanum  salt  with  potassium  sidphate,  as  a  white 
crystalline  precipitate,  resembling  the  corresponding  cerium  salt 

Didymium  is  also  bivalent;  its  salts  are  rose-coloured,  and 
their  solutions  give,  with  alkalis,  a  pale  rose-coloured  precipitate 
ot  the  hydrate,  DiH202,  which,  when  ignited  in  a  covered  crucible 
leaves  the  anhydrous  monoxide,  DiO,  in  white,  hard  lumps  When' 
however  the  hydrate,  nitrate,  carbonate,  or  oxalate  of  didymium' 
is  heated  m  contact  with  the  air,  and  not  very  strono-ly,  a  dark- 
brown  peroxide  is  left,  containing  from  0"8  to  0-9  per  cent 
oxygen  more  than  the  monoxide.    This,  when  treated  with  acids 
dissolves  readily,  giving  off  oxygen  and  yielding  a  salt  of  the 
monoxide. 

Didymium  sulphate  separates  from  an  acid  solution,  by  spon- 
taneous evaporation,  in  well-defined  rhombohedral  crystals  exhi- 
biting numerous  secondary  faces,  and  containing  SDiSO,  8  aq  • 
they  are  isomorphous  with  the  similarly  constituted  sulphates  of 
yttaum,  erbium,  and  cadmium.  The  sulphate  is  more  soluble  in 
l™  ,  •  fa  u  I  lVanter'  a?d  na  Solution  sa^ated  in  the  cold, 
cSSn^SO  2  aq.*0  b0llblg  POint'  a  CI78talUlie  ^ 
^!\mum^^  P°tClSsium  mlPh*te,  DiK2(S04)2  resembles  the 

Whmn  T  tf^T^wlts  exhibit  a  well-marked  absorption 
C,      *  co^aining  two  black  lines  inclosing  a  very  bright  space. 

£  m  '^'T3  \m  the  ^llow>  immediately  loUowing 
u  »  fer  B  bne  D  ;  the  other  is  situated  between  E  and  6.  Thes! 
'  ■'  '  mean  be  distinctly  recognised  in  a  solution  half  an  inch 

K'd , mn£  only  °-°}  rer  cent,  of  didymium  salt.  Lanthanum 

wura  do  not  exhibit  an  absorption  spectrum. 

*  Sec  Light,  p.  80. 
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YTTRIUM  AND  ERBIUM. 

Y  =  61-7.  Eb  =  112-6. 
These  metals  exist  as  silicates  in  the  gadolinite  or  ytterbite  of 
Ytterby  in  Sweden,  and  in  a  few  other  rare  minerals.  A  third 
metal,  called  terbium,  has  also  been  supposed  to  he  associated 
with  them;  hut  recent  experiments,  especially  those  of  Bahr  and 
Bunsen  *  have  thrown  very  great  doubt  upon  its  existence. 

To  obtain  the  earths,  yttria  and  erbia,  in  the  separate  state, 
gadolinite  is  digested  with  hydrochloric  acid,  and  the  solution 
separated  from  the  silica  is  treated  with  oxahc  acid,  which l  throws 
down  the  oxalates  of  erbium  and  yttrium,  together  with  those  ot 
calcium,  cerium,  lanthanum,  and  didymium    These  oxalates  are 
converted  into  nitrates ;  the  solution  is  treated  with  excess  of  solid 
potassium  sulphate,  to  separate  the  cerium  metals ;  the  erbium 
and  yttrium,  which  stiU  remain  in  solution,  are  again  precipitated 
by  oxalic  acid;  and  the  same  treatment  is  repeated,  till  the  solu- 
tion of  the  mixed  earths,  when  examined  by  the  spectral  apparatus, 
no  longer  exhibits  the  absorption  bands  characteristic  ol  didy- 
mium   To  separate  the  erbia  and  yttria,  they  are  again  precipi- 
tated by  oxahc  acid.    The  oxalates  are  .converted  mto  nitrates, 
and  the  nitrates  of  erbium  and  yttrium  are  separated  by  a  series 
of  fractional  crystallisations,  the  erbium  salt  being  the  less  soluble 
of  the  two,  and  crystallising  out  first;  but  the  process  regimes 
attention  to  a  number  of  details,  which  cannot  be  here  described^ 
Metallic  erbium  has  not  been  isolated.    Yttrium  (contain ig 
erbium)  was  obtained  by  Berzelius,  as  a  blackish  grey  powder,  by 
icrniting  yttrium  chloride  with  potassium.  _ 

Erbia,  EbO,  obtained  by  ignition  of  erbium  nitrate  or  oxalate 
has  a  faint  rose  colour.  It  does  not  melt  at  the  strongest  white 
heat,  but  aggregates  to  a  spongy  mass,  glowing  with  an  intense 
areen  light,  which,  when  examined  by  the  spectroscope,  exhibits  a 
continuous  spectrum  intersected  by  a  number  of  bright  bands. 
Solutions  of  erbium-salts,  on  the  other  hand,  give  an  absorption- 
spectrum  exhibiting  dark  bands,  and  the  points  ofmammum  %nt» 
sity  of  the  light  bands  m  the  emission-spectrum  of  glounng  eiow 
coincide  exactly  in  position  with  the  points  of  greatest  darkness  m  im. 
absorption-sjoectrum.  The  position  of  these  bands  is  totally  ou- 
ferent  from  those  in  the  emission  and  absorption-spectra  ot  diay- 

^Erbium  salts  have  a  rose-red  colour,  deeper  in  the  hydrated 
than  in  the  anhydrous-state ;  they  have  an  acid  reaction  and  swee 
astringent  taste.    The  sulphate,  3EbS04.8  aq.,  forms  light  rose- 

«  Ann.  Ch.  Pliarm.  cxxxvii.  1. 

i.  ap0  Watts's  "Dictionary  of  Chemistry,  vol.  v.  p.  Hi.  ,  , 

'  The  paper  by  Bahr  and  Bunsen,  above  referred  to,  is  accompanied  D) 
exact  diagrams  of  the  erbium  and  didymium  spectra. 
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coloured  crystals,  isomorphous  with  the  sulphates  of  yttrium  and 
didyinium.  17 

Zttna,  YO,  is  a  soft,  nearly  white  powder,  which  when  ignited 
glows  with  a  pure  white  light,  and  yields  a  spectrum  not  contain- 
in-  any  bright  bands,  like  that  of  erbia.  It  does  not  unite  directly 
with  water,  but  is  precipitated  as  a  hydrate  by  alkalis,  from  solu- 
tions of  yttrium-salts.  It  dissolves  slowly  but  completely  in 
hydrochloric,  nitric,  and  sulphuric  acids,  forming  colourless  solu- 
tions, winch  do  not  exhibit  an  absorption-spectrum 

Yttnum  sulphate,  3YS04.8aq.,  forms  small  colourless  crystals. 

Reactions  of  the  Earth-metals. 
1.  All  these  metals  are  precipitated  from  their  solutions  by 
anmiomuin  sulphide,  as  hydrates,  not  as  sidphides.    They  are  not 
precipitated  by  hydrogen  sulphide.  y 

,J\Th\h^lea  ot'  atomtoium  and  beryllium  are  soluble  in 
caustic  potash;  those  of  the  other  earth-metals  are  insoluble 

3.  beryllium  hydrate  dissolves  in  a  cold  saturated  solution  of 
ammonium  carbonate,  and  is  precipitated,  as  carbonate,  on  boiling 

^^375)         18  mSOlUble  ™  amm°Dium  Ca*bonate 

4  Of  the  earth-metals  whose  hydrates  are  insoluble  in  potash 
-namely,  zirconium,  thorinum,  cerium,  lanthanum,  didymium' 
erbium,  and  yttrium-zirconium  and  thorinum  may  beTS 

mlphate,  the  other  metals  remaining  in  solution.  The  precipitate 
when  lgnited  leaves  pure  zirconia  and  thorina,  or  a  SKe 

otLZt°^r  *°}  thori™  may  be  separated  one  from  the 
hy  m?aps  of  ammonium  oxalate,  which,  when  added  in 

a:are  th— aa  Wate>  ie" 

Yttrium  31'  '^T',  £nd  diJ^mium  are  separated  from 
w    rCi^mm  5raddn»8  an  exce**  of  potassium  sulphate, 
,  V      thm™  down  the  cenum  metals,  leaving  yttrium  and 
7»  >J £  ution  ;  to  ensure  complete  precipitation,Te  Zt  n 

*S  8|ulphate  S°me  time  With  a  Piece  oi  solid  Pot- 

jS?  '"ay  separated  from  lanthanum  and  didymium  as 
S^tf  ^d  -veral  LeswiS 

ft.tl  ,  ,  1  •  ?,9>:  f|not  I1'r  mefood  is  to  boil  the  mixed  oxides 
g        » '  being  m  the  state  oi  ceroso-ceric  oxide)  with  solution 

L  C  T  ['?      he  Ialn.t,ham»"  and  didymium  theu  gradually 
^soive as  eh  ondes,  while  the  cerium  remains  as  cereso-ceric 
•     •    A  third  method  is  to  precipitate  the  solution  of  the  three 

th,'     i  V     eXCef  "f  I'"ln8h'  and  Pass  '•/'/'"'»";  >"  «*xcchh  through 
solution  and  precipitate;  fche  cerium  is  thou  separated  as 
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bright  yellow  ceroso-ceric  hydrate,  while  the  lanthanum  and  didy- 
mium  redissolve  as  chlorides.    This  reaction  serves  to  detect  verj 
small  quantities  of  cerium  mixed  with  the  other  two  metals 
Shun1  is  further  distinguished  by  the  hght-yellow  colour  of 
anhydrous  ceroso-ceric  oxide,  and  by  the  reaction  of  its  compound  , 
when  fused  before  the  blow-pipe  with  borax  or  phosphorus  salt, 
Z  glS thus  formed  being  deep  red  while  hot ,  and  be— 
colourless  on  cooling.    Didymimn  is  distinguished  by  the  dark- 
brown  colour  of  its  higher  oxide;  by  the  pale  rose-colour  winch 
its  salts  impart  to  a  bead  of  borax  or  phosphorus  salt ;  and  bj  the 
peculiar  character  of  its  absorption-spectrum  (p.  383 
1  The  methods  of  separating  lanthanum  from  chdymium  an d 
yttrium  from  erbium-imperfect  at  the  best-have  been  already 
noticed. 

MANUFACTURE  OP  GLASS,  PORCELAIN,  AND  EARTHENWARE. 

G/ass._Glass  is  a  mixture  of  various  insoluble  silicates  with 
excess  of  silica,  altogether  destitute  of  crystalline  structure  ;  the 
dmple  silicate  ,  formed  by  fusing  the  bases  with  silicic  acid  in 
equivalent  proportions,  very  often  crystallise,  which  happens  also 
wK  the  greater  number  of  the  natural,  siheates  included  among 
the  earthy  minerals.  Compounds  identical  with  some  of  these  are 
also  occasionally  formed  in  artificial  processes,  where  large passes 
of  melted  glassy  matter  are  suffered  to  cool  slowly.  The  alkaline 
silicates,  when  in  a  state  of  fusion,  have  the  power  of  dissolving 

a  large  quantity  of  silica.  .   „„„ 

Two  principal  varieties  of  glass  are  met  with  m  commerce, 
namely,  glass  composed  of  silica,  alkali,  and  hme ;  and  glass  con- 
taining a  large  proportion  of  lead  silicate:  croim  and  <pMe glaM 
belonl  to  the  former  division ;  jtint  glass,  and  the  material  of  arti- 
ficial geins,  to  the  latter.  The  lead  promotes  fusibihty,  and  con- 
fers also  density  and  lustre.  Common  green  bot tie-glass  contains 
no  lead,  but  much  silicate  of  iron,  derived  from  the  impure  mate, 
rials.  The  principle  of  the  glass  manufacture  is  very  simple. 
Silica,  in  the  shape  of  sand,  is  heated  with  potassium  or  sodium 
carbonate,  and  slaked  lime  or  lead  oxide ;  at  a  high  temperaturj 
fusion  and  combination  occur,  and  the  carbonic  acid  is  expelled. 
Glauber's  salt  mixed  with  charcoal  is  sometimes  substituted  lor 
soda.  When  the  melted  mass  has  become  perfectly  clear  and  tree 
from  air-bubbles,  it  is  left  to  cool  until  it  assumes  the  peculiar 
tenacious  condition  proper  for  working.  , 

The  operation  of  fusion  is  conducted  m  large  crucibles  ot  leirac 
tory  fire-clay,  which  in  the  case  of  lead-glass  are  covered  by  a 
lome  at  the' top,  and  have  an  opening  at  the  side  by  winch  the 
materials  are  introduced,  and  tin.  melted  glass  withdrawn.  Great 
Sre  is  exercised  in  the  choice  of  the  sand,  which  must  be  quite  white 
See  from  iron  oxide.    Red  lead,  one  of  the  higher  oxides,  is 
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Preferred  to  litharge,  although  immediately  reduced  to  monoxide 
by  the  heat,  the  liberated  oxygen  serving  to  destroy  any  combus- 
tible matter  that  might  accidentally  find  its  way  into  the  crucible 
and  shun  the  glass  by  reducing  a  portion  of  the  lead.  Potash 
gives  a  better  glass  than  soda,  although  the  latter  is  very  generally 
employed,  from  its  lower  price.    A  certain  proportion  of  brokel 

materials6  g    '  ^  ^  *  alway*  added  to  the  othe^ 

Articles  of  blown  glass  are  thus  made  :  The  workman  begins  bv 
collecting  a  proper  quantity  of  soft  pasty  glass  at  the  end  of  his 
blow-ptpe,  an  iron  tube  five  or  six  feet  in  length,  terminated  bv  a 
mouth-piece  of  wood ;  he  then  begins  blowing,  by  which  the  lump 
is  expanded  into  a  kind  of  flask,*  susceptible"  o/having  ft  fi 
modified  by  the  position  in  which  it  is  held,  and  the  velocity  of 
rotation  continually  given  to  the  iron  tube.    If  an  open-mouthed 

K£nn  n  S  mfe'  an.  *"?  rodi  caUed  a  P°ntil  or 

towllb^t tl  8  POt  aPpUed  t0  the  b0tt0m  of  the  fla*, 
to  u  Inch  it  thus  serves  as  a  handle,  the  blow-pipe  being  removed 

by  the  application  of  a  cold  iron  to  the  neck.    The  vessel  isthm 

reheated  at  a  hole  left  for  the  purpose  in  the  wall  of  the 

W  bv  tLaPe  W  enl/rged'  ^  the  V6SSel  0th™  altered  Z 
Lf6,  aid  of  a  fT  S™Ple  tools>  completed.    It  is 

then  detached,  and  carried  to  the  annealing  oven,  where  it  under 
goes  slow  and  gradual  cooling  during  many  houVsT  the  ooec  0f 
which  is  to  obviate  the  excessive  brittleness  always  exhibited  by 

c  o  vn  glass  are  made  by  a  very  curious  process  of  this  kind  •  the 
jobulai -  flask  at  first  produced,  transferred  from  the  blow  p  pe  to 
pontil  is  suddenly  made  to  assume  the  form  of  a  flat  disc  bv 
j  centrifugal  force  of  the  rapid  rotatory  movement  givfnlo  £ 
•    Plate  glass  is  cast  upon  a  flat  metal  table,  and,  after  very 

T  £  ;rei^°UndprU<;  and  P°lished  ^  ^ableWchinery 
fV In6  made  1jv  raPlcll3r  Rawing  out  a  hollow  cylinder  ■  and 
'variety  ?f  useful  small  apparatus  may  be' con- 

•         ;   the  h  i  of  a]       dblo     n     ^  ^be  con 
^^^^ 

nS2Z£l         CWef  VaTietieS  °f  ^  *™  following 


Bohemian  plate  glass  (excellent). 

^'1Ca'.  •  •  •  60-0 
Potassium  oxide,  .  25-0 

L""e>    •       •       .  12-5 


97- 


English  flint  glass. 

Silica,  . 

Potassium  oxide,  . 
Lead  oxide,  . 


51-93 
13-77 
33  28 
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The  difficultly  fusible  white  Bohemian  tube  so ^ valuable  in 
organic  analysis;  has  been  found  to  contain,  m  100  parts- 


Silica, 

Lime,  with  trace  of  alumina, 
Magnesia, 
Potassium  oxide,      .       -  • 
Traces  of  manganese,  &c,  and  loss, 


72-80 
9-68 
•40 
16-80 
•32 


SSTtSK  Sen  reheated,  until  fusion  of  the  colouring  matter 

oc^rs':  such  is  the  practice  ^^f^^^^JSi 
opaque  white  appearance  is  given  by  oxide  of  tin,  the  enamel 

^^iZ^SlT^  twice  its  weight  of  potassium  or 

^aJwbS  combustible,  for  making  -^c^on^and 
preserving  natural  stone  from  decay,  and  for  a  peculiar  stjle 
mural  painting  called  stereochromy*  , 
jpSffi  J*  M^~6.-The  plasticity  of  "J 
their  hardening  when  exposed  to  heat  are  propert  es  ^su g 
gested  in  very  early  times  then  application  to  the  making  at 
vessels  for  the  various  purposes  of  dady  Jheie  aie^ lew 

branches  of  industry  of  higher  antiquity  than  that  exercised  l>J 

^TSfpoxcelain  is  distinguished  from ^ 
obvious  characters.    In  porcelain  the  body  of  the  ware  is  verv 
compact  and  translucent,  and  breaks  with  a  «»"^  *f2 
symptomatic  of  a  commencement  of  fusion.    The  glaze  toj 
allied  for  giving  a  perfectly  smooth  surface,  is  closely  adherent. 
Sf  SSfgradlates  by  insible  degrees  into  the  sul >stanc 
Se  body,  'in  earthenware,  on  the  conl rary,  the  frac  tore  u  open 
ami  earthy,  and  the  glaze  detachable  with  greater  or  ess  fa  di  )  - 
The  compact  and  partly  glassy  character  of  porcelain  is  the  resuK 
of  the  admixture  with  the  clay  of  a  small  portion  of  some  substance 
such  as  felspar,  or  a  calcic  or  alkaline  silicate,  which  is  fasiUeat 
Se  temSure  to  which  the  wave  is  exposed  when  baked  oj fire£ 
and  being  absorbed  by  the  less  fusible  portion  binds 
a  solid  niass  on  cooling.    The  clay  employed  in  porcelaon-makrng 
*  See  Richardson  and  WatU's  "Chemical  Technology,"  vol.  i.  part!  • 
pp.  69-104 
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is  always  directly  derived  from  decomposed  folsnnr  „„„„    t  n 
plays  ot  the  secondary  strata  being  pure  enoiSffi^      °f  tlie 
it  must  be  white,  and  free  from  KL    &-  '\P^0Se: 
faction  which  this  substance  ui  derZ,  in  the  fi         Sh  ^  COn' 
fine  y  divided  silica,  carefully  *  T^t  °f 

a  little  porcelain ™lay  JK  2f    t?  °f  gJpSUm'  silica>  and 

suits  into  its  substance  and  tht  ™  '  f  Wlthdrawn;  the  water 
upon  its  surface s  -  it  S  LZ  m      P?^"  remaius  evenl7  spread 

-evSSKS^^I: ^^Circldf  future  of  masonrv,  bavin, 
or  coal  hcotZed  a^^7i:i  %  \  ^  ^  ^y  woof 
and  made  to  Sato^tf^S^^^^i"^, 
man,  in  which  the  articles  In  hTfi!T  ^  H  ea,rthen  cases<  °r 
required  for  this  ^ieStion  ^  Pf^ecL    Man^  Ws 

managed.  After  fiEf  '  f  ?  mu^  be  vei7  carefully 
completely  cooled  theSS^t?^  ^  ^  ^  iumace  ha* 
far  as  regards  the  'ware  rem°Ved  111  a  finished  ^  so 

r-l'V^^tob^^ecnS^T  and  - 

feared,  ui  o£    S^*f  A*  pieces  are  afain 

Uj  Je  repeated  more  than  once  P^10*  haS  some^s 

^CtveTossM  «  of  modern  oriRiu: 

SeVenth  century,  S3  £  ,  f1    6  uommencement  of  the 

galled.    A  ierST^l^  VVS°T  resPects>  together 
or  decomposed  feW^fW  hy  tpem  are  know»  fc°  be 
P°^er;  and  tbe  ales  TfWr  Tft  °r  ^  reduced  to 
Donate.  asfles  01  ier">  which  contain  potassium  car- 

staining  oxi(  ,  f'V     ''";"'T  porcelain,  made  from  clay 

P^?1  fusibility  The  slazintH  f  lime,  to  which  it  owes  it? 
fbJnt0  the  heated  fun 2?, s.lM.'rlor'I""'l  by  throwing  common 
by  the  joint  ifc^'M  <u.d  decomposed 
^?ralWs  present*  ill  /i1  0  the  ware  and  of  the  vapour  .of 
the  latter  fomKahSS°ST*aoid        eoda  Produced> 

^^ta*i:ni '""  si""; r"'" 
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r,    t  T11P  finest  kind  of  earthenware  is  made  from  a 

Earthemvare.—The  finest  nna  o  quantity  of  silica, 

white  secondary  clay,  mixed  with  a  consmera  ^  £  wbAc£  they  are 
The  articles  are  thoroughly  dr ed .nA .teg ,  alter  lead  Qxide  y 
clipped  into  a  readily  fusible  glaze  *o  fl  tQ  ^ 

usually an  in-P^^X^^F^^1  much  easiel"  °f 
point  of  fusion  of  the  latter.  J™  ™  ^  A  d  demands  less  care, 
execution  than  the  making  of [V™™*^™  colourS)  so  common 

3^«5TS  tSolVScg  upon  paper  in 

washed  off,  and  the  glazi ng ^SeSe  sometimes  covered  with  a 
The  coarser  kinds  of  earthenware  are  some 

whitish  opaque  glaze  — and  is  dangerous 

such  glaze  is  very  liable  to  be  attacKeu  uy  *  , 
tor  culinary  vessels,  valuable  to  the 

Crucihles,  when  of  good  qual ty,  aie^  ^r>  ^  d  ^  saTld 
chemist.    They  are  made  of  clay faee  tro ^  ^  d  Cornish 

or  ground  ware  of  the  same >i ^nP*^ eJ  a  mixtiire  of  plumbago 
crucihles  are  among  the  best.    ^^^™e^.  mi  powdered  coke 
and  clay  is  employed  ^^^S^ZJ^  bear  rapid 
has  been  also  used  with  the  eaitn 
changes  of  temperature  with  impunity. 

GROUP  HI- 
MAGNESIUM. 

Atomic  weight,  24  ;  symbol,  Mg. 

This  metal  was  formerly 

earths,  but  it  is  much  more  nearly  xe kte ^°  ^ 
in  the  free  state,  as  well  as  by  the  \  oiatiui>  o 
solubility  of  its  sulphate,  and  the  Stf 
compounds  with  the  analogously  cons 

Magnesium  occm-s  m  the  imnerall^^^  ^  golid 

borate,  phosphate,  sulphate,  and.nitat e  "^^riaii  lime- 
state,  sometimes  dissolved  m  mineral  ^  .  ^  ^  c:U, 
tone,  or  dolomite,  which  forms  entae  — JX'  cc,,,  as 
honate  of  magnesium  and  calcium  Magnesium  ^  as 
silicate,  combined  with  other  silica tea,  ^aJ»*H£te  ^  spineUe 
steatite  hornblende  augite,  talc,  &c  ;  also  as  ?  ^ 

and  zeilanite.    It  likewise  occurs  in  the jDoaies  o  i 
ammals,  chiefly  as  carbonate  and  phosphate,  and  m  com 
with  organic  acids.  _ 

Metallic  magnesium  is  prepared :         _  better, 
1  By  the  electrolysis  of  fused  niagnesium  chlond e  or 
of  a  mixture  of  4  molecules  of  magnesium  chloride  and 
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of  potassium  chloride  with  a  small  quantity  of  sal-ammoniac.  A 
convenient  w  ay  of  effecting  the  reduction  is  to  fuse  the  mixture 
m  a  common  clay  tobacco-pipe  over  an  Argand  spirit-lamp  or  gas- 
burner,  the  negative  pole  being  an  iron  wire  passed  up  the  pipe- 
stem,  and  the  positive  pole  a  piece  of  gas-coke,  just  touching  the 
surface  of  the  fused  chlorides.  On  passing  the  current  of  a  battery 
of  ten  Bunsen's  cells  through  the  arrangement,  the  magnesium 
collects  round  the  extremity  of  the  iron  wire. 

2.  Magnesium  may  be  prepared  in  much  larger  quantity  by 
reducing  magnesium  chloride,  or  the  double  chloride  of  magne- 
sium and  sodium  or  potassium,  with  metallic  sodium.  The  double 
chloride  is  prepared  by  dissolving  magnesium  carbonate  in  hydro- 
chloric acid,  adding  an  equivalent  quantity  of  sodium  or  potassium 
chloride,  evaporating  to  dryness,  and  fusing  the  residue.  This 
product,  heated  with  sodium  in  a  wrought-iron  crucible,  yields 
metallic  magnesium,  containing  certain  impurities,  from  which  it 
may  be  freed  by  distillation.  This  process  is  now  carried  out  on 
the  manufacturing  scale,  and  the  magnesium  is  drawn  out  into 
wire  or  formed  into  riband  for  burning.* 

Magnesium  is  a  brilliant  metal,  almost  as  white  as  silver,  some- 
what more  brittle  at  common  temperatures,  but  malleable  at  a 
neat  a  little  below  redness.  Its  specific  gravity  is  174.  It  melts 
at  a  red  heat,  and  volatilises  at  nearly  the  same  temperature  as 
zinc.  It  retains  its  lustre  in  dry  air,  but  in  moist  air  it  becomes 
covered  with  a  crust  of  magnesia. 

Magnesium  in  the  form  of  wire  or  riband  takes  fire  at  a  red 
aeat  burning  with  a  dazzling  bluish-white  light.  The  flame  of  a 
candle  or  spirit-lamp  is  sufficient  to  inflame  it,  but  to  insure  con- 
tinuous combustion,  the  metal  must  be  kept  in  contact  with  the 
name,  .tor  this  purpose  lamps  are  constructed,  provided  with  a 
mechanism  winch  continually  pushes  three  or  more  magnesium 
Wires  into  a  small  spirit-flame.  & 

The  magnesium  flame  produces  a  continuous  spectrum,  contain- 
ing a  very  large  proportion  of  the  more  refrangible  rays :  hence  it 
J  well  adapted  lor  photography,  and  has,  indeed,  been  used  for 
sin  I  m  P^WK  in  the  absence  of  the  sun,  or  in  places  where 
sunlight  cannot  penetrate,  as  in  caves  or  subterranean  apartments. 

bo^pG^8iuM  Chloride  M«012.-When  magnesia,  or  its  car- 
JJgte,  la  dissolved  m  hydrochloric  acid,  magnesium  chloride  and 
ai .,  are  Fod,,e,d  ;  but  when  this  solution  is  evaporated  to  dry- 

;  ■  •  '"■  last  portions  of  water  are  retained  with  such  obsti  v, 

«"»t ^composition  o  the  water  is  brought  about  by  the  concurring 
I  ,  V  '  "  ls  ?'  magnesium  for  oxygen,  and  of  chlorine  for  hydrogen  j 
;>«.    hi,,  ,,:  aciJis  expelled^  magnesia  remains.  tf,noweVer 
^ammoniac,  potassium  chloride,  or  sodium  chloride  is  present^ 

"Ohemipd.1tT'ilsi.of      manufacturing  process,  see  Richardson  and  Watts's 
wiemical  lecl.nology,"  vol.  i.  ,,t.  v.  pp,  336  339. 
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a  double  salt  is  produced,  which  is  easily  rendered  anhydrous 
The  best  mode  of  preparing  the  chloride  is  to  divide  a  quantity  ot 
hydrochloric  acid  into  two  equal  portions,  to  neutralise  one  with 
magnesia,  and  the  other  with  ammonia,  or  carbonate  ot  ammonia : 
to  mix  these  solutions,  evaporate  them  to  dryness,  and  then  expose 
the  salt  to  a  red  heat  in  a  loosely  covered  porcelain  crucible  bal- 
ammoniac  sublimes,  and  magnesium  chloride  in  a  fused  state 
remains ;  the  latter  is  poured  out  upon  a  clean  stone,  and  when 
cold  transferred  to  a  well-stopped  bottle. 

The  chloride  so  obtained  is  white  and  crystalline.  It  is  very- 
deliquescent  and  highly  soluble  in  water,  from  which  it  cannot 
again  be  recovered  by  evaporation,  for  the  reasons  just  mentioned 
When  long  exposed  to  the  air  in  the  melted  state,  it  is  converted 
into  magnesia.    It  is  soluble  in  alcohol. 

Magnesium  Oxide,  or  Magnesia,  MgO.— This  oxide  is  easily 
prepared  by  exposing  the  magnesia  alba  of  pharmacy,  which  is  a 
hydrocarbonate,  to  a  full  red  heat  in  an  earthen  or  platinum 
crucible.  It  forms  a  soft,  white  powder,  which  slowly  attracts 
moisture  and  carbonic  acid  from  the  air,  and  unites  quietly  with 
water  to  a  hydrate  which  possesses  a  feeble  degree  oi  solubility, 
requiring  about  5000  parts  of  water  at  15-5°  and  36,000  parts  at 
100°  The  alkalinity  of  magnesia  can  only  be  observed  by  placing 
a  small  portion  in  a  moistened  state  upon  test-paper :  it  neutralises 
acids,  however,  in  the  most  complete  manner.    It  is  infusible. 

Magnesium  sulphide  is  formed  by  passing  vapour  ol  carbon 
sulphide  over  magnesia,  in  capsules  of  coke,  at  a  strong  red  heat. 

Oxysalts  of  Magnesium.— The  suljjhate,  Mg"S04.7H20,  com- 
monly caUed  Epsom  salt,  occurs  in  sea-water,  and  m  many  mineral 
springs,  and  is  now  manufactured  in  large  quantities  by  acting  on 
magnesian  limestone  with  dilute  sulphuric  acid,  and  separating  the 
magnesium  sulphate  from  the  greater  part  of  the  slightly  soluble 
calcium  sulphate  by  filtration.  The  crystals  are  derived  from  a 
rio-ht  rhombic  prism ;  they  are  soluble  in  an  equal  weight  oi  water 
at  15-5°,  and  in  a  still  smaller  quantity  at  100°.  The  salt  has  a 
nauseous  bitter  taste,  and,  like  many  other  neutral  salts,  possesses 
purgative  properties.  When  it  is  exposed  to  heat,  6  molecules  ot 
water  readily  pass  off,  the  seventh  being  energetically  retained. 
Magnesium  sulphate  forms  beautiful  double  salts  with  the  sul- 
phates of  potassium  and  ammonium,  which  contain  6  molecules  ot 
crystallisation-water,  their  formulae  being  Mg"K2(SO,,)2 .  Gli2ui 
and  Mg"(NH4)2(S04)2 .  6H20.  These  salts  are  isomorphous,  ana 
form  monoclinic  crystals. 

Carbonates.— The  neutral  carbonate,  MgC03  or  MgO.C02,  occurs 
native  in  rhombohedral  crystals,  resembling  those  of  calc-spar,  in- 
bedded  in  talc  slate  :  a  soft  earthy  variety  is  sometimes  met  with 
When  magnesia  alba  is  dissolved  in  aqueous  carbonic  acid, 
and  the  solution  left  to  evaporate  spontaneously,  small  prismattO 
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crystals  are  deposited,  consisting  of  trihydrated  magnesium  car- 
bonate, MgC03.3H,0. 

The  magnesia  alba  itself,  although  often  called  carbonate  of 
magnesium  1S  not  so  in  reality;  it  is  a  compound  of  carbonate 
with  hydrate.  It  is  prepared  by  mixing  hot  solutions  of  potassium 
or  sebum  carbonate  and  magnesium  sulphate,  the  latter  being 
kept  m  slight  excess  boiling  the  whole  a  few  minutes,  during 
which  time  much  carbonic  acid  is  disengaged,  and  well  washing 
the  precipitate  so  produced.  If  the  solution  is  very  dilute  the 
magnesia  alba  is  exceedingly  light  and  bulky;  if  otherwise,  'it  is 
denser.  The  composition  of  this  precipitate  is  not  perfectly  con- 
stant.   In  most  cases  it  contains  4MgC0,.M°-H90,  6  an 

Magnesia  alba  is  slightly  soluble  in  water,  especially ^  when  cold. 
cnS'™  Phosphate,  Mg"HP04. 7H20  separates  in  smal 
colourless  prismatic  crystals  when  solutions  of  sodium  phosphate 
and  magnesium  sulphate  are  mixed  and  suffered  to  stand  forborne 

5d  wi?  Mg  Gmh&mS  *  Vs  S°luWe  in  about  1000  P^tS  of 
colli  water     Magnesium  phosphate  exists  in  the  grain  of  the 

cereals,  and  can  be  detected  in  considerable  quantity  in  beer 

Magnesium  and  Ammonium  Phosphate,  Mg'YNfinpo  6H  O 

^annTT/l  "J*  1^°^  is  ™d  ^  a^magnesrum 
But  L  PhosPhate  18  ^ded,  a  crystalline  precipitate 

having  the  above  composition,  subsides,  immediately  if  the  solu- 

:;?:pCTrntratedV  !ml  after  SOme  thne  *  veiT  dilute  ■■  "  the 
tatter  case  the  precipitation  is  promoted  by  stirring.  This  salt  is 
slightly  solub  e  in  pure  water,  but  nearly  insoluble  in  S 

3amaandi     V1? heated'. ft    off  ™^  s  s 

moma,  and  is  converted  into  magnesium  pyrophosphate,  M^pa  • 
2Mg"(NH4)P04  =  Mg2P207  +  H20  +  2NH3.      '  ~ 

nesium  (3red  hea1"'  *  fu8elto  ?  wMte  e™mel-like  mass.  Mag- 
S  us  1  ammom™.  P^sphate  sometimes  forms  a  urinary 
btucuius,  and  occurs  also  in  guano  y 

ta&SHtr  ^°^n  SeParated  from  8olutions  by 

R  mixed  " rte-    The  iquid'  free  from  ak™,  lime, 

gently     l  te  Z  a  ft  Pho*te  *"*  excess  of  ammonia,  and 

fflttlit''  I""',  T1u°  PreciPitate  is  collected  upon 
„  I  II     m  , I,  y  washed  with  water  containing  a  little  am- 

The  Xortio?nf       19  W^ted  to  redness,  and  weighed. 
SU '        '  t.   Tnm'sla  13  theji  easR?  ^lculated. 

S^j^^^y^-  belong  to  this 

 '  ' 7  placed  by  ferrous  oxide  which  com- 

3  Q  ates  a  green  colour.    Meerschaum,  2MgSi03.&0„  =  2MgO. 

made    TV,/,  Sil   l-n  I-  """"ni1'  bom  wlli<'''  pipe-bowls  aw 

is  a  soft  w&-  MgS0«"Sl0*4ail'  M^d  wh.  tassive), 

i  wmte,  sectile,  transparent  or  translucent  mineral,  used  as 


392 


DYAD  METALS. 


firestones  for  furnaces  and  stoves,  and  in  thin  plates  fox  glazing 
lanthorns  &c  ;  also  in  the  state  of  powder  for  diminislung  friction. 
Mme  also  called  steatite,  is  a  silicate  of  magnesium  and  alu- 
5g£?  ofTomewhat  variable  composition.,  Serpentvnev  a  com- 
bination of  silicate  and  hydrate  of  magnesium  Jade,  an  exceed- 
inalv  hard  stone  brought  from  New  Zealand,  is  a  silicate  oi 
SeS  am  aluminium:  its  green  colour  is  due  to  chromium. 
l^TZhornbleiule  are  essentially  double  rij*^ 
and  lime,  in  which  the  magnesia  is  more  or  less  replaced  b3  ite 
isomorphous  substitute,  ferrous  oxide. 

Macmesium  salts  are  isomorphous  with  zinc  salts,  ferrous  salts 
cuS  salt    cobalt  salts,  and  nickel  salts,  &c. ;  they  are  usually 
Cc  fourlet  and  are  eB^x««ogni^^ft^^^^ 
A  gelatinous  white  precipitate  with  caustic  alkalis 
molia,  insoluble  in  excess,  but  soluble  in  solution  of  oiuac 
A  white  precipitate  with  potassium  and  sodium  ^°™^>  ™* 
norwithPa™ium  carbonate  in  the  cold.    A  whate  crysta  hi 
precipitate  with  soluble  phosphates,  on  the  addition  of  a  little 


ammonia. 


ZINC. 

Atomic  weight,  65-2  ;  symbol,  Zn. 
Zinc  is  a  somewhat  abundant  metal:  it  is  found  in  the  state >of 
carbonate,  sihcate,  and  sulphide,  associated  with  ^  °™  *  ™£ 
districts,  both  in  Britain  and  on  the  Continent ;  large  supplies^ art 
obtained  from  Silesia,  and  from  the  neighbourhood  of  Aachen 
The  native  carbonate,  or  calamine,  is  the  most  valuable  ot  ti  e 
zinc  ores,  and  is  preferred  for  the  extraction  of  the  metal-  t  . 
first  roasted  to  expel  water  and  carbonic  acid,  then  mixed  with 
fragments  of  coke  or  charcoal,  and  distilled  at  a  ^  ved  he* t  n  ■ 
large  earthen  retort;  carbon  monoxide  escapes  while  jeclucea 
metal  volatihses  and  is  condensed  by  suitable  means,  general!} 
with  minute  quantities  of  arsenic.  .     ,  . 

Zinc  is  a  bluish-white  metal,  which  slowly  tarnishes  in  the  arr . 
it  has  a  lamellar,  crystalline  structure,  a  density  varying  tvo 
to  7-2,  and  is,  under  ordinary  circumstances,  brittle.  JW« 
120°  and  150°  it  is,  on  the  contrary,  malleable,  and  may  be  voW 
or  hammered  without  danger  of  fracture;  and,  wha is  ^ 
remarkable,  after  such  treatment,  it  retains  its  malleabihty  tfu* 
cold;  the  sheet-zinc  of  commerce  is  thus  made.    At  8  0  it  n 
brittle  that  it  may  be  reduced  to  powder.    At  412  it  meus , 
Wht  red  heat  it  boils  and  volatilises,  and,  if  air  be  adnu  tea. 
burns  with  a  splendid  greenish  light,  generating  the  oxide   1  >  " 
Ss  dissolve  zinc  very  readily  :  it  is  constantly  employed  m  tbi 
manner  for  preparing  hydrogen  gas. 
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Zinc  is  a  dyad  metal,  farming  oidy  one  class  of  compounds. 
_  The  chloride,  ZnCl2,  may  be  prepared  by  heating  metallic 
zinc  in  chlorine :  by  distilling  a  mixture  of  zinc-filings  and  cor- 
rosive sublimate;  or,  more  easily,  by  dissolving  zinc  in  hydro- 
chloric acid.  It  is  a  nearly  white,  translucent,  fusible  substance, 
very  soluble  in  water  and  alcohol,  and  very  deliquescent.  A 
Btrong  solution  of  zinc  chloride  is  sometimes  used  as  a  bath  for 
obtaining  a  graduated  heat  above  100°.  Zinc  chloride  unites  with 
sal-ammoniac  and  potassium  chloride  to  double  salts :  the  former 
of  these,  made  by  dissolving  zinc  in  hydrochloric  acid,  and  then 
adding  an  equivalent  quantity  of  sal-ammoniac,  is  very  useful  in 
tinning  and  soft- soldering  copper  and  iron. 

The  oxide,  ZnO,  is  a  strong  base,  forming  salts  isomorphous 
with  the  magnesium  salts.  It  is  prepared  either  by  burning  zinc 
in  atmospheric  ah-,  or  by  heating  the  carbonate  to  redness.  Zinc 
oxide  is  a  white,  tasteless  powder,  insoluable  in  water,  but  freely 
dissolved  by  acids.  When  heated  it  is  yellow,  but  turns  white 
again  on  cooling.  It  is  getting  into  use  as  a  substitute  for  white 
lead.  To  prepare  zinc-white  on  a  large  scale,  metallic  zinc  is 
volatilised  in  large  earthen  muffles,  whence  the  zinc  vapour  passes 
into  a  small  receiver  (gudrite),  where  it  comes  in  contact  with  a 
Current  of  air  and  is  oxidised.  The  zinc  oxide  thus  formed  passes 
immediately  into  a  condensing  chamber  divided  into  several  com- 
partments by  cloths  suspended  within  it. 

The  sulphate,  ZnS04.7H20,  commonly  called  White  Vitriol— 
I  his  salt  is  hardly  to  be  distinguished  by  the  eye  from  magnesium 
sulphate :  it  is  prepared  either  by  dissolving  the  metal  in  dilute 
sulphuric  acid,  or,  more  economically,  by  roasting  the  native  sul- 
phide, or  blende,  which,  by  absorption  of  oxygen,  becomes  in  great 
part  converted  into  sulphate.  The  altered  mineral  is  thrown  hot 
into  water,  and  the  salt  obtained  by  evaporating  the  clear  solution. 
4mc  sulphate  has  an  astringent  metallic  taste,  and  is  used  in 
medicine  as  an  emetic.  The  crystals  dissolve  in  2£  parts  of  cold, 
and  m  a  much  smaller  quantity  of  hot  water.  Crystals  contain- 
ing b  molecules  of  water  have  been  observed.  Zinc  sulphate  forms 
aouDie  salts  with  the  sulphates  of  potassium  and  ammonium, 
name  v,  ZnK2(S04)„.6H20  and  Zn(NH4)2(S04)2.6H20, isomorphous 
witn  the  corresponding  magnesium  salts. 

J  he  carbonate,  ZnC03,  is  found  native ;  the  white  precipitate 
roamed  by  mixing  solutions  of  zinc  and  of  alkaline  carbonates,  is 
■  combmal  ion  of  carbonate  and  hydrate.  When  heated  to  redness, 
it  yields  pure  /.inc.  oxide. 

the  mlmkide,  ZnS,  occurs  native,  as  blende,  in  regular  tetra- 
i"Mi,,ns,  dodecahedrons,  and  other  monometrio  forms,  and  of 
various  colours,  from  white  or  yellow  to  brown  or  black,  according 
',  '7 /'FT      purity:  it  is  a  valuable  ore  of  zinc.  A  variety, 
,". Much  jack,  o,n,rs  somewhat  abundantly  in  Derbyshire 
"""'"''land,  and  Cornwall.    A  hydrated  suiphide,  ZnS.H20,  is 
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obtained  as  a  white  precipitate  on  adding  an  alkaline  sulphide  to 
the  solution  of  a  zinc  salt. 


Zinc  salts  are  distinguished  by  the  following  characters:— 
Caustic  potash  gives  with  soda  and  ammonia  a  white  precipitate 
of  hydrate,  freely  soluble  in  excess  of  the  alkali.  Potassium 
and  sodium  carbonates  give  white  precipitates,  insoluble  m  excess. 
Ammonium  carbonate  gives  also  a  white  precipitate,  which  is  redis- 
solved  by  an  excess.  Potassium  ferrocyanide  gives  a  white  preci- 
pitate. Hydrogen  sulphide  causes  no  change  in  zinc  solutions 
containing  free  mineral  acids ;  but  in  neutral  solutions,  or  with 
zinc  salts  of  organic  acids,  such  as  the  acetate,  a  white  precipitate 
is  formed  Ammonium  sulphide  throws  down  white  sulphide  ot 
zinc,  insoluble  in  caustic  alkalis.  The  formation  of  this  precipitate 
in  a  solution  containing  excess  of  caustic  alkali,  serves  to  dis- 
tinguish zinc  from  all  other  metals. 

All  zinc  compounds,  heated  on  charcoal  with  sodium  carbonate 
in  the  inner  blow-pipe  flame,  give  an  incrustation  of  zmc  oxide, 
which  is  yellow  while  hot,  but  becomes  white  in  cooling.  If  this 
incrustation  be  moistened  with  a  dilute  solution  of  cobalt  nitrate, 
and  strongly  heated  in  the  outer  flame,  a  fine  green  colour  is 
produced. 

The  applications  of  metallic  zinc  to  the  purposes  of  roofing,  the 
construction  of  water  channels,  &c,  are  well  known ;  it  is  suln- 
ciently  durable,  but  inferior  in  this  respect  to  copper.  It  is  much 
used  also  for  protecting  iron  and  copper  from  oxidation  when 
immersed  in  saline  solutions,  such  as  sea-water,  or  exposed  to 
damp  air.  This  it  does  by  forming  an  electric  circuit,  m  which  it 
acts  as  the  positive  or  more  oxidable  metal  (p.  267).  Galvanised 
iron  consists  of  iron  having  its  surface  coated  with  zinc. 


CADMIUM. 

Atomic  weight,  112;  symbol,  Cd. 

This  metal  was  discovered  in  1817  by  Stromeyer,  and  by  Hermann  : 
it  accompanies  the  ores  of  zinc,  especially  those  occurring  in  Silesia, 
and,  being  more  volatile  than  that  substance,  rises  first  m  vapour 
when  the  calamine  is  subjected  to  distillation  with  charcoal.  Cad- 
mium resembles  tin  in  colour,  but  is  somewhat  harder ;  it  is  very 
malleable,  has  a  density  of  8-7,  melts  below  260°,  and  is  nearly  as 
volatile  as  mercury.  It  tarnishes  but  little  in  the  ah-,  but  burns 
when  strongly  heated.  Dilute  sulphuric  and  hydrochloric  acids 
act  but  little  on  cadmium  in  the  cold ;  nitric  acid  is  its  best  sol- 

A  eThe  observed  vapour-density  of  cadmium  is  3"94  compared  with 
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air,  or  56-3  compared  with  hydrogen,  which  latter  number  does  not 
di Her  greatly  from  the  half  of  112,  the  atomic  weight  of  the  metal- 
hence  it  appears  that  the  atom  of  cadmium  in  the  state  of  vapour 
occupies  twice  the  space  of  an  atom  of  hydrogen  (p  238) 

Cadmium  like  zinc,  is  dyadic,  and  forms  hut  one  series  of  com- 
pounds. The  oxide,  CdO,  may  be  prepared  by  igniting  either  the 
carbonate  or  the  nitrate  :  in  the  former  case  it  has  a  pale-brown 
colour,  and  m  the  latter  a  much  darker  tint,  and  forms  octahedral 
microscopic  crystals.  Cadmium  oxide  is  infusible :  it  dissolves  in 
acids  producing  a  series  of  colourless  salts:  it  attracts  carbonic 
acid  from  the  air,  and  turns  white.  The  sulphate,  CdSO^ILO  is 
easily  obtained  by  dissolving  the  oxide  or  carbonate  in  dilute  sul- 
phimc  acid:  it  is  very  soluble  in  water,  and  forms  double  salts 
witn  the  sulphates  of  potassium  and  ammonium,  which  contain 
repectively  CVFIv2(S04),6H20  and  Cd"(NH4Msd4),6H,0 The 
chloride,  CdCl,,  is  a  very  soluble  salt,  crystallising' in  small  four- 
pound  PofTl  Tt  ?dS'  "  a  Ver^  characteristic  «S- 
Ew  *  v  lg}  C0lT'.  f0rminS  microscopic  crystals, 
fusible  at  a  high  temperature.    It  is  obtained  by  passing  sidphu- 

S  h  oSr°Tgien  g3S  thl'°llfh  a  S°  Uti°n  °f  ^sulphate,  nitate, 
Z„ST  i         c°mpound  is  used  as  a  yellow  pigment  of  grea 
beauty  and  permanence.    It  occurs  native  as  greenockite. 

J^^f^T^V^  Cadmilmi  salts  a  white  precipi- 
fl  i  TlratetI  oxide,  insoluble  in  excess.  Ammonia  <dves  a 
similar  white  precipitate,  readily  soluble  in  excess.  The  fixed 
dkahne  carbonates,  and  ammonia  carbonate,  throw  down  white 
y  d  mum  carbonate,  insoluble  in  excess  of  either  precipS 


GROUP  IV. 
COPPER. 

Atomic  weiglit,  63-4 ;  symbol,  Cu  (Cuprum). 

&eEmetSa?limtS  °f  "'Tn^T-  in  the  arts:  ifc  sometimes  occurs 
in     '  Jf?'  7Tstal^VD  °1ctohedr»"«>  or  more  frequently 

<      , •  I  ons  bu  is  more  abundant  in  the  form  of  r,d  oxide, 
'  that  of  sulphide  combined  will,  sulphide  of  iron,  as  yellow 

2  '  TT  \"Jn-,rx\    Lar^e  ^antitiea  of  the  atter  sub- 

^annually  obtained  Iron,  the  Cornish  mines,  and  taken 
ZuZS"  Reduction,  vyhich  is  effected  by a  somewhat 
•Ktateffiff  PEi?CiPle  0ftHs  may,  however,  be  easily 

Xch  mucft  fi    phc  ore  is  roasted  inn  reverberatoiy  furnace,  by 
,.     h  1     »      the  iron  sulphide  is  converted  into  oxide,  while  the 
II    sulphide  remains  unaltered,    The  product  of  this  operation 
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is  then  strongly  heated  with  silicions  sand;  the  latter  comhinea 
with  the  iron  oxide  to  a  fusible  slag,  and  separates  from  the  heavier 
copper  compound.  When  the  iron  has,  by  a  repetition  ol  these 
processes,  been  got  rid  of,  the  copper  sulphide  begins ;  to decom- 
pose m  the  flame-furnace,  losing  its  sulphur  and  absorbing  oxygen, 
the  temperature  is  then  raised  sufficiently  to  reduce  the  oxide  thus 
produced,  by  the  aid  of  carbonaceous  matter.  The  last  part  of 
the  operation  consists  in  thrusting  into  the  melted  metal  a  pole 
of  birch-wood,  the  object  of  which  is  probably  to  reduce  a  httle 
remaining  oxide  by  the  combustible  gases  thus  generated.  Laige 
quantities  of  extremely  valuable  ore,  chiefly  carbonate  and  red 
oxide,  have  lately  been  obtained  from  South  Australia  and 

tapper  has  a  well-known  yellowish-red  colour,  a  specific  gravity 
of  8-96,  and  is  very  malleable  and  ductile :  it  is  an  excellent  con- 
ductor of  heat  ancl  electricity :  it  melts  at  a  bright  red  heat,  and 
seems  to  be  slightly  volatile  at  a  very  high  temperature  Copper 
undergoes  no  change  in  dry  air:  exposed  to  a  moist  atmosphere 
it  becomes  covered  with  a  strongly  adherent  green  crust,  consisting 
in  a  great  measure  of  carbonate.  Heated  to  redness  m  the  air  it 
is  quickly  oxidised,  becoming  covered  with  a  black  scale.  Dilute 
sulphuric  and  hydrochloric  acids  scarcely  act  upon  copper ;  boiling 
oil  of  vitriol  attacks  it,  with  evolution  of  sulphurous  oxide ;  nitiic 
acid,  even  dilute,  dissolves  it  readily,  with  evolution  of  nitrogen 

dl°Copper  is  a  dyad  metal,  its  most  stable  compounds,  the  cuprij 
compounds,  containing  1  atom  of  the  metal  combined  wjffl 
2  atoms  of  a  univalent,  or  1  atom  of  a  bivalent  negative  radicaL 
e.g.,  Cu"Cl2,  Cu"0,  Cu"(N03)2,  Cu"S04,  &c.  Some  of  these,  how- 
ever, are  capable  of  taking  up  another  atom  of  copper,  and  loini- 
ing  compounds,  called  cuprous  compounds,  m  which  the  copga 

is  apparently  univalent ;  thus  cuprous  chloride,  Cu2Cl2  =  |  ^ 

cuprous  oxide,  Cu20  =   |U>0.     These  compounds  are  very 

unstable,  being  easily  converted  into  cupric  compounds  by  the 
action  of  oxidising  agents. 

Copper  Chlorides.— Cupric  Cliloride,  CuCl2,  is  most  easily 
prepared  by  dissolving  cupric  oxide  in  hydrochloric ;  acid,  and  con- 
centrating the  green  solution  thence  resulting.  It  forms  gieeu 
crystals,  CuCl2.2H20,  very  soluble  in  water  and  m  alcohol  a 
colours  the  flame  of  the  latter  green.  When  gently  heatjU« 
narts  with  its  water  of  crystallisation  and  becomes  yeuowisa 
brown  •  at  a  high  temperature  it  loses  half  its  chlorine,  anu 
becom  s  converted  mto%™?  Mori*.  The  atter  is  a  white 
fusible  substance,  but  httle  soluble  in  water,  and  prone  to  ox 
t  on  -  it  is  formed  when  copper-filings  or  copper-leaf  are  put  into 
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chlorine  gas ;  also  by  precipitating  a  solution  of  cupric  chloride  or 
other  cupric  salt  with  stannous  chloride  : 

2CuCl2  +  SnCl2  =  Cu2Cl2  +  SnCl4. 

A  plate  of  copper  immersed  in  hydrochloric  acid  in  a  vessel  con- 
taining ah-,  becomes  covered  with  white  tetrahedrons  of  cuprous 
chloride.  This  compoimd  dissolves  in  hydrochloric  acid,  forming 
a  colourless  solution,  which  gradually  turns  blue  on  exposure  to 
the  air. 

A  hydrated  cupric  oxychloride,  CuCl2.3CuH202,  occurs  native  as 
atacamite. 

Both  the  chlorides  of  copper  form  double  salts  with  the  chlorides 
of  the  alkali-metals. 

Cuprous  Hydride,  Cu2H2.— When  a  solution  of  cupric  sulphate 
is  heated  to  about  70°,  with  hypophosphorous  acid,  this  compound 
is  deposited  as  a  yellow  precipitate,  which  soon  turns  red-brown. 
It  gives  off  hydrogen  when  heated,  takes  fire  in  chlorine  gas,  and 
is  converted  by  hydrochloric  acid  into  cuprous  chloride,  with 
evolution  of  a  double  quantity  of  hydrogen,  the  acid  giving  up  its 
hydrogen  as  well  as  the  copper  hydride  : 

Cu2H2  +  2HC1  =  Cu2Cl2  +  2H2. 

This  reaction  affords  a  remarkable  instance  of  the  union  of  two 
atoms  of  the  same  element  to  form  a  molecule  (see  page  245). 
<  Copper  Oxides. — Two  oxides  of  copper  are  known,  correspond- 
ing to  the  chlorides;  and  a  very  unstable  dioxide  or  peroxide, 
Cu02,  is  said  to  be  formed,  as  a  yellowish-brown  powder,  by  the 
action  of  hydrogen  dioxide  on  cupric  hydrate. 
_  Copper  Monoxide,  Cupric  Oxide,  or  Black  Oxide  of  Copper,  CuO, 
is  prepared  by  calcining  metallic  copper  at  a  red  heat,  with  Ml 
exposure  to  air,  or,  more  conveniently,  by  heating  the  nitrate  to 
redness,  which  suffers  complete  decomposition.  Cupric  salts  mixed 
with  caustic  alkali  in  excess,  yield  a  bulky  pale-blue  precipitate 
01  hydrated  cupric  oxide,  or  cupric  hydrate,  CuH202  or  CuO.fLO, 
wnich,  when  the  whole  is  raised  to  the  boiling-point,  becomes 
converted  into  a  heavy  dark-brown  powder:  this  also  is  anhy- 
drous oxide  of  copper,  the  hydrate  suffering  decomposition,  even 

11  contact  with  water.    The  oxide  prepared  at  a  high  temperature 
'8.Pertectly  black  and  very  dense.     Cupric  oxide  is  soluble  in 
acids,  and  forms  a  series  of  very  important  salts,  isomornhous  with 
magnesium  salts. 
''"/"'<"<;  "-■/,/,,  Cu.,(),  also  called  lied  Oxide  and  Suboxide  of 

•"/ </<«!•  inia  oxide  may  be  obtained  by  heating  in  a  covered 
r("""'1''  a  mixture  of  5  parts  of  black  oxide  and  4  parts  of  Bne 

"PP^r-rdinga i;  or  by  adding  grape-sugar  to  a  solution  of  citprio 
1 1  '  *en  putting  in  an  excess  of  caustic  potash;  the 

Bolution,  heated  to  ebullition,  is  reduced  by  the  sugar,  and 
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deposits  cuprous  oxide.  This  oxide  often  occurs  in  beautiful 
transparent  ruby -red  crystals,  associated  with,  other  ores  of  copper, 
and  can  be  obtained  in  the  same  state  by  artificial  means.  It 
communicates  to  glass  a  magnificent  red  tint,  while  that  given  by 
cupric  oxide  is  green. 

Cuprous  oxide  dissolves  in  excess  of  hydrochloric  acid,  forming 
a  solution  of  cuprous  chloride,  from  which  that  compound  is  pre- 
cipitated on  dilution  with  water.  Most  oxygen-acids,  namely, 
sulphuric,  phosphoric,  acetic,  oxalic,  tartaric,  and  citric  acids, 
decompose  cuprous  oxide,  forming  cupric  salts,  and  separating 
metallic  copper ;  nitric  acid  converts  it  into  cupric  nitrate.  Hence 
there  are  but  few  cuprous  oxygen-salts,  none  indeed  excepting  the 
sulphites,  and  certain  double  sulphites  formed  by  mixing  a  cupric 
solution  with  the  sulphite  of  an  alkali-metal,  e.g.,  arnnionio- 
cuprous  sulphite,  Cu'(NH4)S03. 

Cupric  Oxysalts.  —  The  sulphate,  CuS04.5H20,  commonly 
called  blue  vitriol,  is  prepared  by  dissolving  cupric  oxide  in  sul- 
phuric acid,  or,  at  less  expense,  by  oxidising  the  sulphide.  It 
forms  large  blue  triclinic  prisms,  soluble  in  four  parts  of  cold  and 
two  parts  of  boiling  water ;  when  heated  to  100°  it  readily  loses 
four  molecules  of  crystallisation- water ;  but  the  fifth  is  retained 
with  great  pertinacity,  and  is  expelled  only  at  a  low  red  heat. 
At  a  very  high  temperature,  cupric  sulphate  is  entirely  converted 
into  cupric  oxide,  with  evolution  of  sulphurous  oxide  and  oxygen. 
Cupric  sulphate  combines  with  the  sulphates  of  potassium  and  of 
ammonium,  forming  pale-blue  salts,  Cu'T^SO^,.  6H20  and 
Cu"(NH4)2(S04)2.6H20,  isomorphous  with  the  corresponding  mag- 
nesium salts. 

Cupric  Nitrate,  Cu(N03)2.3H20,  is  easily  made  by  dissolving 
the  metal  in  nitric  acid ;  it  forms  deep  blue  crystals,  very  soluble 
and  deliquescent.  It  is  highly  corrosive.  An  insoluble  basic 
nitrate  is  known ;  it  is  green. 

Cupric  Carbonates.— -When  sodium  carbonate  is  added  in  excess 
to  a  solution  of  cupric  sulphate,  the  precipitate  is  at  first  pale- 
blue  and  flocculent,  but  by  warming  it  becomes  sandy,  and  assumes 
a  green  tint;  in  this  state  it  contains  CuC03.CuH202  +  atl- 
This  substance  is  prepared  as  a  pigment.  The  beautiful  mineral 
malachite  has  a  similar  composition,  but  contains  no  water  of 
crystallisation,  its  composition  being  CuC03.CuH202.  Another 
natural  compound,  called  azurite,  not  yet  artificially  imitated, 
occurs  in  large  transparent  crystals  of  the  most  intense  blue :  it 
contains  2CuC03.CuH202.  Verditcr,  made  by  decomposing  cupno 
nitrate  with  chalk,  is  said,  however,  to  have  a  somewhat  similar 
composition.  . 

Cupric  Arsenite  is  a  bright  green  insoluble  powder,  prepares 
by  mixing  the  solutions  of  a  cupric  salt  with  an  alkaline  arsenite. 

Copper  Sulphides. — There  are  two  well-defined  copper  suH 
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phides,  analogous  in  composition  to  the  oxides,  and  four  others 
containing  larger  proportions  of  sulphur,  but  of  less  defined  con- 
stitution; these  latter  are  precipitated  from  solutions  of  cupric 
salts  by  potassium  pentasulphide.  1 
.  Clf'iCi  Sull)]^l\  CuS,  occurs  native  as  indigo  copper  or  covellin 
m  oft  b hush-black  hexagonal  plates  and  spheroidal  masses,  and  is 
El  Se  aPtlficially  by  PreciPitating  cupric  salts  with  hydrogen 

Cuprous  Sulphide,  Cu2S,  occurs  native  as  copper-glance  or  redru- 
thite,  m  lead-grey  hexagonal  prisms,  belonging  to  the  rhombic 
system;  it  is  produced  artificially  by  the  combustion  of  coimer- 
t  2!  P  S  VTU?>  tywMng  °upric  oxide  with  sulphm  Ind 
by  other  methods.    It  is  a  powerful  sulphur-base,  uniting  with 
the  sulphides  of  antimony,  arsenic,  and  bismuth,  to  form  several 
natural  minerals.    The  several  varieties  of  fahl-ore,  or  tetmheclrite 
consist  of  cuprous  sulphantimonite  or  sulpharsenite,  in  wMchthe 
copper  is  more  or  less  replaced  by  equivalent  quantities^ ?  iron 
zmc  sdver,  and  mercury     The  important  ore,  called  covper- 
Wntes,  is  a  cuproso-ferric  sidphide,  CuTe'% '  or  CmS 7IS 
occurring  m  tetrahedral  crystals  of  the  quadratic  system  o?  in 
regular  masses.    Another  species  of  copper  and  irmi  sulphide 
contaimng  various  proportions  of  the  two  metals,  occurs  native  as 
St  EI  °r  erUbeSCZte>  m  Cubes>  octohedrons,'and  other  mono- 


Ajimoniacal  Copper— compounds.— The  chlorides  sulnhate 
Sref'rand  °ther  fltsofcoPPer,  unite  with  one  o!l73 
Snds  of  bC^'  f0rmm?'  f°r  the  m0St  Part>  crystalline  com- 
Srf      .  ?     876611  C°l0UJ'  Some  of  which  may  be  regarded  as 

manner,  cupro-dmmmonium  sulphate  (N9Hn0u"V3O    whi, h 


«55mSKS5  Wnh  CSVillfH  il  Pde  Wue  precipitate  of 
^  lycirate,  becoming  blackish-brown  anhydrous  oxide  on  boil 

and  wl  , a  ^  Purp  isl.-blue  solutio„.-yVr,,,,:„„, 
bona.,.  i  P?e  l,lu':  Precipitates  of  cupric  car- 

mMir,  J ,  ,  coloiir.-POtoMmn^OT.0C2/cm^e  giyea ,  fine 

^  ipiiaif  oi  cupric  fen-ocyaride.-av^e«  mlmhide 

"""■HSSplS ^       °td  M;U  k  CUpric  ^ufde/msoluolein 

The  alloys  of  copper  are  of  great  importance,    grow  consists  of 
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T^r  Si"'  often"  1  containing  W,  and  8.n,e- 


times  zinc. 


MERCURY. 

Atomic  weight,  200  ;  symbol,  Hg  (Hydrargyrum). 
This  verv  remarkable  metal,  sometimes  called  qwicteilve n  ^  been 
lmotl  from  early  times,  and  perhaps  more  than  all  others  has 
SXl  £e  attention  and  curiosity  of  experimenters  by  reason  of 
it,  ecul  ar  physical  properties.  Mercury  is  of  great  importance 
in  seveml  of  the  arts,  and  enters  into  the  composition  of  many 

V^SliT  meTrrTS  occasionally  met  with  in  globules  dissemi- 

Cafe  the  sSpSe  in  an  iron  retort  with  lime  or  scraps  of  iron, 
oiT^g  it  in  a  furnace,  and  conducting  the  — Mrto  a 
Li  chamber,  where  the  mercury  m  condensed,  while  the  but 
phurous  acid  is  allowed  to  escape 

country  in  bottles  of  hammered  iron,  containing  seventy  nve 
pounds  each,  and  in  a  state  of  considerable  purity  Whenpg 
chased  in  smaller  quantities,  it  is  sometimes  found .^^JJ 
with  tin  and  lead,  which  metals  it  dissolves  to  some  extent  without 
much  loss  of  fluidity.  Such  admixture  may  be  kno  r  bj  £ 
foul  surface  the  mercury  exhibits  when  shaken'  in  a  J»^e 
taming  air,  and  by  the  globules,  when  made  to  roll  upon  the  table, 
leaving  a  train  or  tail.  ,  i^j. 

Mercury  has  a  nearly  silver-white  colour,  and  a  very  1  - 
decree  of  lustre:  it  is  liquid  at  all  ordinary  temperature^  and 
Sifies  only  when  cooled  to  -40°.    In  this  state  it  is  so 
malleable.    At  350°  it  boils,  and  yields  a  transparent,  colourless 
vawui  of  great  density.    The  metal  volatihses  however  toa 
3;  extent  at  all  temperatures  above  19°  or  21°;  below  tin  p 
S  volaS  is  imperceptible.   The  volatility  of  mercury  at* 
bodin    heat  is  singularly  retarded  by  the  presence  of  minute 
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quantities  of  lead  or  zinc.   The  specific  ffrmrih,  nf 
15-5=  is  13-59;  that  of  frozen  niercnrv Tbonfu  J    ,  '°ercm'J_  " 
tiling  place  in  the  act  of  solicfincS  '  8"""  c™"'»i»» 

dioxide.  ^  bsx,}'  mth  ""Won  of  nitrogen 

&c   and  the  mercurous  compounds  in  V  ?g  S°4' 

I  rently  univalent,  as  He„Cl  H?D  1  '  SI  hlch  rt  18  aPPa' 
analogous  in  constitutfo^toHhl^pri?^ and  ™  C°mP°™ds  «« 
and  the  mercurous  comiWnrl?  li i  1  cuprous  compounds; 
into  mercuric  compouT  by  th S  tfJSP  ^  °™rta* 
remove  one  atom  of  mercurv •  ?™ tS,  of(mdlsmg  agents,  which 
-ore  stable  than  the  "uYcom^oS        ^       Whde>  mUch 

gfMfrine  gas,  if  taEfire  $  SSSj^*^ 
coolb.cr    m  r  £  COITosiye  sublimate  then  separati/o on 

by  fee  equation  :    7  l0U°Wed-    The  decomposition  is  represented 

HgS04  +  2NaCl  =  HgCl2  +  Na2S04. 
ft^^^jft  transparent  crvsta,- 


'12> 

_  6-7 

0 '692(5  =  98  '3- 

2  o 
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supposing  that  the  molecule  occupies  the  space  asa  mole- 

cule or  two  atoms  of  hydrogeu  (p.  240),  is  -  g 
the  near  agreement  of  this  number  with  the  observed ^result  shows 

Mercuric  ^"^^^  from  I  hot  solution  in  long  white 
SWSoS^nltM  dissolve  it  with  facility;  the 

"^^^fJ^^  ^^  -Its  of 

52  AS  StWo^  ^male  ^ 
£Sa¥^S?2t^,  gating  the  compound 

HgSS'chloride  forms  several  compounds  with  ^rcun^de 
cXride1    Tbel  aX  ^I  &  colour  and  physical  character, 

and  vegetable  substances  are  preserved  by  it  from  decay-  as 

of  poisoning.  commonly  called  Calomel— This 

Mercurous  Chloride,  Hg2^i2>  commuuy  TO-eiiared  by 

very  important  substance  may  be  easily  and  well  l^P^ 

poSinga  solution  of  i»«^It^teM^^^te^p- 
dilute  solution  of  common  salt    X™  °fh*  waallSd  with 

tate,  quite  insoluble  in  ^^^^STKv^  generally 
boiling  distilled  water,  and  ^^C^^^^^fogrcnA 
procured  by  another  and  more  complex  pi °^  s  -  £  £  M 
sulphate  is  rubbed  in  a  mortar  with  as  f ^^^^S  the 
it  Sready  contains,  and  a  qvumWyof  —  « ^ 
globules  disappear,  and  an  uniform  J^^omel  being 

This  is  subjected  to  «P»>^^^ftrf^teS!uS 
carried  into  an  atmosphere  of  steam,  o  into  a ;?^u  J"         d  Ilie 
air-  it  is  thus  condensed  into  a  minutely  divided state,  anu 
Sorious  process  of  pulverisation  of  the  sublimed  mass  is  avoide 
The  reaction  is  thus  explained : 

HgS04  +  Hg  +  2NaCl  =  Hg2Cl2  +  Na2S04 
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strong  nitric  acid  oxidises  and  dissnlwa  if     n„i      1  •  • 
decomposed  by  an  alkali,  TbyWwater  ^TtV^l 

molecule  occupying  in  the  c^<mw  fP .  &  2'  1  lePresente  a 
»e»,ly  double  „,tU»:foii00  4_2^_  ^ 

contain  S    „ff„fc  K'™  "T  *™  »°le°uta 
volume     „„i      i      IU«rcury,  and  the  anomaly  in  the  vanmir 

oftctpoZd  StJ  im6d  *  -PP°4that  tL^poS 
temperatures  the  cl  an  J  T „  ™Y-  °therS'  lulderg°es  at  high 
vohLes  Z^S'£^^(f<^^  (P- 240),  the  two 
vohimesofmemmc  clZX  w  n?2   2'n^eUlg  resolved  into  two 

P*KwS£^  isWd  when  solution  of 

rhich  ;*  at  fir    yellow  W  J   7™™  cU°rid?>  as  a  Precipitate 
briUiant  scarlet  H  «  '  i      *5  •  few  moments  changes  to  a  most 
-utra trie! ?\Cm"'f1ieing  reta™d  °?  drying.    This  is 
tint,  by  tritnraffnl"  J   "  T  .  made'  ^though  of  rather  duller 

,ri  ffeigh  out  the  vr'oJv  Jl ?V^8  ltX  Fetation,  it  is  better 
«  *o4le  in      1         SrSSfUI  °fthe  two  8alts>  as  tlle  ^ide 

^tfdimoraSmi     /  , de  ,!xlu,J,tH  a  very  remarkable 

!odi<k  is  s.,,1.1  1 "  .°  6gUfe  ass™l.  Thus,  when  the 
brightyeUowSLho?rd  temperature,  it  becomes 

throughout,  and  yields  a  copiouj  sublimate  ofminute 
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but  brilliant  yellow  crystals.  If  in  tbis  state  it  be  touched  by  a 
bard  body,  it  instantly  becomes  red,  and  tbe  same  change  happens 
spontaneously  after  a  certain  lapse  of  time  On  the  other  hand, 
by  a  very  slow  and  carefid  beating,  a  sublimate  of  red  crystal,, 
hiving  a  totally  different  form,  may  be  obtained,  which  are  per- 
manent. The  same  kind  of  change  happens  with  the  freshly 
precipitated  iodide,  the  yellow  crystals  first  formed  breaking  up  in 
a  few  seconds  from  the  passage  of  the  salt  to  the  red  modrfica- 

tl0Mercimc  iodide  forms  double  salts  with  the  more  basic  or  posi- 
tive metallic  iodides,  as  those  of  the  alkali-metals  and  alkaline 
earth-metals;  thus  it  dissolves  in  aqueous  potassium-iodide,  and 
the  hot  solution  deposits,  on  cooling,  crystals  of  potassio-mercuric 
iodide,  2(KI.HgI,).3H20.  They  are  decomposed  by  water,  with 
separation  of  ab6ut  half  the  mercuric  iodide,  the  solution  then 
containing  the  salt  2KI.HgI2,  which  remains  as  a  saline  mass  on 

^MercwZ's  Iodide,  Hg2I2,  is  formed  when  a  solution  of  potassium 
iodide  is  added  to  mercurous  nitrate :  it  then  separates  as  a  dirty 
yellow,  insoluble  precipitate,  with  a  tinge  of  green.  It  may  also 
be  prepared  bv  rubbing  mercury  and  iodine  together  m  a  mortar 
in  the  proportion  of  1  atom  of  the  former  to  1  atom  of  the  latter, 
the  mixture  being  moistened  from  time  to  time  with  alcohol. 

Oxides.— Monoxide,  or  Mercuric  Oxide,  HgO,  commonly  called 
Red  Oxide  of  Mercury,  or  Bed  Precipitate-There  are  numerous 
methods  by  which  this  compound  may  be  obtained.    1  he  loinro- 
ing  may  be  cited  as  the  most  important :  (1)  By  exposing  mercury 
in  a  glass  flask  with  a  long  narrow  neck,  for  several  weeks  to  a 
temperature  approaching  315°.    The  product  has  a  dark  red 
colour,  and  is  highly  crystalline ;  it  is  the  red  precipitate  of  the  old 
writers.   (2)  By  cautiously  heating  any  of  the  mercuric  or  niei- 
curous  nitrates  to  complete  decomposition,  whereby  the  acid  m 
decomposed  and  expelled,  oxidising  the  metal  to  a  maximum,  it  q 
happen  to  be  in  the  state  of  mercurous  salt.    The  product  thus 
obtained  is  also  crystalline  and  very  dense,  but  has  a  much  paiej 
colour  than  tbe  preceding ;  while  hot,  it  is  nearly  black,    it  is  dj 
tbis  method  that  the  oxide  is  generally  prepared:  it  is  apt  to 
contain  undecomposed  nitrate,  which  may  be  discovered  by  strongij. 
heating  a  portion  in  a  test-tube:  if  red  fumes  are  produced,  or 
the  odour  of  nitrous  acid  exhaled,  the  oxide  has  been  insufficient!} 
heated  in  the  process  of  manufacture.  (3)  By  adding  caustic  potasn 
in  excess  to  a  solution  of  corrosive  sublimate,  by  which  a  OT^n* 
yellow  precipitate  of  mercuric  oxide  is  thrown  down,  whicJi  diners 
from  the  foregoing  preparations  merely  in  being  destitute  ot  crj  shu- 
line  texture  and  much  more  minutely  divided.    It  must  be 

WiMemSc  Side  is  slightly  soluble  in  water,  communicating  to 
the  latter  an  alkaline  reaction  and  metallic  taste:  it  is  nigw* 
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poisonous.    When  strongly  heated,  it  is  decomposed,  as  before 

observed,  into  metallic  mercury  and  oxygen  «as 
Mercurous  Oxide,  Hg20 ;  Suboxide,  or  Grey  Oxide  of  Mercury  — 

Phis  oxide  is  easily  prepared  by  adding  caustic  potash  to  mercur- 
ous  nitrate  or  by  digesting  calomel  in  solution  of  caustic  alkali 
It  is  a  dark  grey,  nearly  black,  heavy  powder,  insoluble  in  water 
s  owly  decomposed  by  the  action  of  light  into  metallic  mercii  y 
and  led  oxide  The  preparations  known  in  pharmacy  by  the 
names  blue  pill,  grey  ointment,  mercury  with  chalk,  &c,  often 

8E£  SXdtTaLefficaGy  t0  this  substance'  ^  ^ 

Mercury  Nitrates -Nitric  acid  varies  in  its  action  upon 

SeT'it  T*"8  *?  temPei'at^e-  When  cold  and  somewhat 
diluted,  it  iorms  only  mercurous  salts,  and  these  are  neutral  or 

to  beTn  e^°XyiUSeS  (P-  3°,8)-aS  the  ackl  or  the  ^eta?"appenS 
rited  LT  W  ^When'  °n  the  C°ntrai7-  the  ^  acid  is  concen- 

ant  to  it  rW  mC  ?  ?  18  Produced-  Both  classes  of  salts  are 
S  l  w  decomPos?d  b7  a  large  quantity  of  water,  givina  rise  to 
insoluble,  or  sparingly  soluble,  basic  compounds.      &  ° 

#i«rofc«.-By  dissolving  mercuric  oxide  in  excess  of 

v  i  iLn,  enclosed  in  a  bell-jar  over  lime  or  sulphuric  acid  deposits 

fleHomnosed ib?  waSf"  -Jhe  PrecedlnS  crystallised  salts  are 
mor C  c as  the  wnl,  PrructT  of  compounds  more  and 
water  rS  g  18  Prolonged>  °r  the  temperature  of  the 

^XSbS?'  ^«T(N03)2.2H20,  forms  large  colourless 
«on      L  mad,  bv  of  water  without  decomposi- 

te acid  7  dlssolvin8  merc™7  in  an  excess  of  cold  dilute 

^St^T^ST7       been.emPJ°M  a  finely  crystallised 

I'V  water    TVio     V   *¥/     '    2  " "  Hau  ;  this  is  also  decomposed 
■        ;  •    The  wo  softs  are  easily  distinguished  wben  rubbed  in 

^'iv.'s  li  ,  ■  U  U"  T'1"""  bolide;  the  neutral  compound 
;■  m    nitrate  and  calomel;  the  basic  salt,  sodium  nitrate 

■uhj.  i  .  ,.  ii ^  i1";';";  "'  cdome]  wini  mercurous  oxide.  A  blaci 
ammoTnVirT     ,//"/""  sok&Ze  mercwy.  is  produced  when 

'"  -  M.s..mll  ,,„,,,,  i,.v  is  dropped  into  a  solufion  of  niercur- 
'  11  °°ntam8  2^F8.3HfeO.N20S)  or, according  to  Kane, 
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2NH3.2Hg2O.N205;  the  composition  of  this  preparation  evidently 
varies  according  to  the  temperature  and  the  concentration  of  the 
solutions. 

Mercury  Sulphates.— Mercuric  Sulphate,  Hg"S04,  is  readily 
prepared  by  boiling  together  oil  of  vitriol  and  metallic  mercury 
until  the  latter  is  wholly  converted  into  a  heavy  white  crystalline 
powder,  which  is  the  salt  in  question ;  the  excess  of  acid  is  then 
removed  by  evaporation  carried  to  perfect  dryness.  Equal  weights 
of  acid  and  metal  may  be  conveniently  employed.  Water  decom- 
poses the  sulphate,  dissolving  out  an  acid  salt,  and  leaving  an 
insoluble,  yellow,  basic  compound,  formerly  called  turpith  or 
turbeth  mineral,  containing,  according  to  Kane's  analysis,  Hg"S04. 
2Hg20,  or  3Hg"O.S03.  Long- continued  washing  with  hot  water 
entirely  removes  the  remaining  acid,  and  leaves  pure  mercuric 
oxide. 

Mercurous  Sulphate,  (Hg,)"S04,  falls  as  a  white  crystalline 
powder  when  sulphuric  acid  is  added  to  a  solution  of  mercurous 
nitrate  :  it  is  but  slightly  soluble  in  water. 

Mercury  Sulphides.— Mercuric  Sulphide,  HgS,  occurs  native 
as  cinnabar,  a  dull  red  mineral,  which  is  the  most  important  ore 
of  mercury.  Hydrogen  sulphide  passed  in  small  quantity  into  a 
solution  of  mercuric  nitrate,  or  chloride,  forms  a  white  precipitate, 
which  is  a  compound  of  mercuric  sulphide  with  the  salt  itself. 
An  excess  of  the  gas  converts  the  whole  into  sulphide,  the  colour 
at  the  same  time  changing  to  black.  When  this  black  sulphide  is 
sublimed,  it  becomes  dark  red  and  crystalline,  but  undergoes  no 
change  of  composition :  it  is  then  cinnabar  or  vermilion,  Mercuric 
sulphide  is  most  easily  prepared  by  subliming  an  intimate  mixture 
of  6  parts  of  mercury  and  1  part  of  sulphur,  and  reducing  the 
resulting  ciimabar  to  very  fine  powder,  the  beauty  of  the  tint 
depending  much  upon  the  extent  to  which  division  is  earned. 
The  red  or  crystalline  sulphide  may  also  be  formed  directly, 
without  sublimation,  by  heating  the  black  precipitated  substance 
in  a  solution  of  potassium  pentasulphide ;  the  mercuric  sulphide 
is,  in  fact,  soluble  to  a  certain  extent,  in  the  alkaline  sulphides, 
and  forms  with  them  crystallisable  compounds. 

When  vermilion  is  heated  in  the  air,  it  yields  metallic  mercury 
and  sulphurous  oxide :  it  resists  the  action  both  of  caustic  alkali 
in  solution,  and  of  strong  mineral  acids,  even  nitric,  and  is  attacked 
only  by  nitro-muriatic  acid.  . 

Mercurous  sulphide,  Hg2S,  is  obtained  by  passing  hydrogen  sul- 
phide into  a  solution  of  niercurous  nitrate,  as  a  black  precipitate, 
which  is  resolved  at  a  gentle  heat  into  mercuric  sulphide  ana 
metallic  mercury. 

Ammoniacal  Mercury  Compounds.  —  Mercurammonium 
Salts.— By  the  action  of  ammonia  and  its  salts  on  mercury  com- 
pounds, a  variety  of  substances  are  formed  which  may  be  regarded 
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as  salts  of '  merem-ammoniums— that  is,  of  ammonium-molecules 
m  which  the  hydrogen  is  more  or  less  replaced  by  mercury  in  the 
proportion  of  100  or  200  parts  of  mercury  to  1  part  of  hydrogen 
according  as  the  compound  is  formed  from  a  mercurous  or  a 
mercuric  salt.  The  following  are  the  most  important  of  these 
compounds : — 

na^wSSS  Compounds.—  Mercuw-diammonium  chloride, 
UN2±l6Hg  )U,,  known  m  pharmacy  as  fusible  white  precipitate,  is 

/MS'S  Ktc?S h  *?  a  Solution  of  ammonio-nrercm-ic 
chloride,  (2NH4CLHgGl2)  or  by  dropping  a  solution  of  mercuric 
chloride  into  a  boding  solution  of  sal-ammoniac  containing  free 
ammonia,  as  long  as  the  resulting  precipitate  redissolves :  it  then 
separates  on  cooling  in  regular  dodecahedrons.  At  a  gentle  heat 
it  gives  ofi  ammonia,  leaving  a  chloride  of  dmiercurammonium 
and  hydrogen,  (NH2Hg'")Cl.HCl : 

N2H6Hg"Cl2  =  NH3Hg"Cl2  +  NH3. 

nhafXT^TT;  c/i;o^.(NH2Hg")Cl.-This  salt,  known  in 
pharmacy  as  infusible  white  precipitate,  is  formed  by  adding  ammo- 
ma  to  a  solution  of  mercuric  chloride.  When  first  produced,  it  is 
bulky  and  white  but  by  contact  with  hot  water,  or  by  much 
washing  with  cold  water,  it  is  converted  into  hydrated  cliWiw- 
ainmomum  chloride,  NHg"2Cl.H90.  aimeicur 
Tnmercuro-diammonium  nitrate,  (N2H2Hg"„)(NO,)„  2H,0  is 

solution  of  mercuric  mtrate  with  very  dilute  ammonia. 
mokcXT      ^ a  comP°™d  derived  from  a  double 
2  S      H°°m\W'  hy  substitution  of  3  atoms  of  bivalent 
2^7      ^  at°mS  ?f  .hydTOgen,  is  formed  by  passing  dry  ammo- 
nia gas  over  dry  precipitated  mercuric  oxide  : 

3Hg"0  +  2NH3  =  N2Hg"3  +  3H20. 

toeToln^  being! Te?Td  ^  nitric  acid>  the  trimercui-o- 
S  frlZ ™       ?  a         brown  powder,  which  explodes  by 

violent  °\  COntact  with  oil  of  vitriol,  almost  as 

violently  as  nitrogen  chloride. 

ah  XX?rvp7fM?  -v0^  NH?"2C1.H20,  is  obtained,  as 
i^liteS&^  f0 1  \ug  mf  ^dlarnrnonium  chloride  (inius- 
w     . te  1 1, prtate) ,  with  water.    It  is  a  heavy,  granular,  yellow 

SSZ       *  Whltf-  TO1  when  toeated  sal-ammoniac, 
l  -S  lTr^  NHg"2I.H20.-This  compound  may 
potass    n   L   f  stl"g  the  corresponding  chloride  in  a  solution  of 

;;,;;;;!:;!;;• or  y  heatmg  mereuric  iodide with  e™  °f 

2HgI2  +  4NH3  +  H20  =  NHg"2I.H20  +  3NH4I ; 
a  so  by  pa8sing  ammonia  gag  oyer  memu,ic  oxy<iodide  . 

Hg"J203  +  2NH3  =  2(NHg"2I.H20)  +  H.,0 ; 
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and,  lastly,  by  adding  ammonia  to  a  solution  of  potassio-mercuric 
iodide  mixed  with  caustic  potash  : 

2(2KI.HgI2)  +  NH3  +  3KHO  =  NHg"2I.H20  +  7KI  +  2H20. 

This  last  reaction  affords  an  extremely  delicate  test  for  ammonia. 
A  solution  of  potassio-mercuric  iodide  is  prepared  by  adding  potas- 
sium iodide  to  a  solution  of  corrosive  sublimate,  till  a  portion  only 
of  the  resulting  red  precipitate  is  redissolved,  then  filtering,  and 
mixing  the  nitrate  with  caustic  potash.  The  liquid  thus  obtained 
forms,  with  a  very  small  quantity  of  ammonia,  either  free  or  in 
the  form  of  an  ammoniacal  salt,  a  brown  precipitate,  soluble  in 
excess  of  potassium  iodide.  This  is  called  Nesler's  test  for 
ammonia. 

Dimercurammonium  Hydrate,  NHg"2(HO). — This  compound  is 
formed  by  treating  precipitated  mercuric  oxide  with  aqueous 
ammonia,  or  by  treating  either  of  the  dimercurammonium  salts 
with  a  caustic  alkali.  It  is  a  brown  powder,  which  dissolves  in 
acids,  yielding  salts  of  dimercurammonium. 

Dimercurammoniwri  Sulphate,  (NHg"2)2S04. 2H20,  formerly 
called  ammoniacal  turpethum,  is  prepared  by  dissolving  mercuric 
sulphate  in  ammonia,  and  precipitating  the  solution  with  water. 
It  is  a  heavy  white  powder,  yellowish  when  dry,  resolved  by  heat 
into  water,  nitrogen,  ammonia,  and  mercurous  sulphate. 

Mercurous  Compounds.  —  Mercurosammonium  Cliloride, 
NH3Hg'Cl,  is  the  black  precipitate  formed  when  dry  calomel  is 
exposed  to  the  action  of  ammonia  gas.  When  exposed  to  the  air, 
it  gives  off  ammonia  and  leaves  white  rnercurous  chloride. — Dimer- 
curosammonium  chloride,  NH2Hg'2Cl,  is  formed,  together  with  sal- 
ammoniac,  by  digesting  calomel  in  aqueous  ammonia  : 

HgaCL,  +  2NH3  =  NH2Hg2Cl  +  NH4C1. 

It  is  grey  when  dry,  and  is  not  altered  by  boiling  water. — Dinwr- 
curosammonium  nitrate,  2(NH2Hg2)N03.  H20.  This,  according  to 
Kane,  is  the  composition  of  the  velvet-black  precipitate  known  as 
Hahnemann's  soluble  mercvuy,  which  is  produced  on  adding 
ammonia  to  a  solution  of  mercurous  nitrate.  According  to  C.  G. 
Mitscherlich,  on  the  other  hand,  the  precipitate  thus  formed  has 
the  composition  2NH3.  N206. 3Hg20,  which  is  that  of  a  hydrated 
trimercurosammonium  nitrate,  2(NHHg3)N03.2H20. 


Reactions  of  Mercury  Salts. — All  mercury  compounds  are  volati- 
lised or  decomposed  by  a  temperature  of  ignition :  those  which 
fail  to  yield  the  metal  by  simple  heating  may  in  all  cases  be  made  to 
do  so  by  heating  in  a  test-tube  with  a' little  dry  sodium  carbonate. 
The  metal  is  precipitated  from  its  soluble  combinations  by  a  plate 
of  copper,  and  also  by  a  solution  of  stannous  chloride  used  in  excess. 
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Hydrogen  sulphide  and  ammonium  sulphide,  produce  in  solutions 
both  of  mercuric  and  oi  mercurous  salts,  black  precipitates  insolu- 
ble m  ammonium  sulphide.    In  mercuric  salts,  however  if  Ze 
quantity  of  the  reagent  added  is  not  sufficient  for  complete  decom 
position,  a  wmte  precrp  tate  is  formed,  consisting  of  a  con  poZl 
of  mercuric  sulphide  with  the  original  salt,  and  often  Xr" 
yellow  or  brown  by  excess  of  mercuric  sulphide.    An  excels  of 
Vjogen  sulphide,  or  ammonium  sulphide,  mstantly  turns  the  pre 
cipi  ate  black.  This  reaction  is  quite  characteristic  of  mercuric  salts 
Mercuric  salts  are  further  distinguished  by  forming  a  yellow 
precipitate  with  caustic  potash  or  soda;  white  with  ammo\iaOV 
ammomum  carbonate,  insoluble  in  excess ;  red-brown  wi TZasdZ 
or  sodrum  carbonate.    With  potassium  iodide  they  yield  fbrS 

black ;  greemsh-yeUow  with  potassium  iodide.  S 

«£d£^^  termed  mer- 

tffi  lead  lc     TL      man,nep  0f  the  metals>  as  gold,  silver, 

Smb  e  ttu Z  co^atl°ns  sometimes  take  place  with  con- 
stable vio  ence,  as  m  the  case  of  potassium,  in  which  licrht  and 

ino-  W-iT  ,    scorning  solid.    The  amalgam  of  tin  used  in  silver- 

amalgams  appeSo  ife  for  I  teeth'  are  samples.  The  solid 
while  the  tE»ti'  6  m°St  Part'  definite  compounds, 

as  solu  lons  KefinS  ^  ™^lded>  in  ma^  instances 

as  whZ  ?L  te  comPounds  m  excess  of  mercury,  inasmuch 

SnT    o,       ^  ?r8Sed  b6tWeen  chamois  m^Vcmy  con 

B  2  t  it tlty  °^ the  other  metal  Passes 

iViT1?'^  °f  at™  constitution 

called  "amawL"tZ       TO01md  of  mercury  and  silver 
'••  \i i",  SShL    V  T aI°"'Sn'  and  ha™§  the  composition 
SecfnXnf2?S'o?hp^  ^8Jf  8ed  ^  octohedrons,  rhombic 
irons,  and  other  forms  of  the  regular  system. 
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CLASS  III. — TRIAD  METALS. 


THALLIUM. 

Atomic  weight,  204 ;  symbol,  Tl. 
This  element  was  discovered  by  Crookes,  in  1861  in  the  seleni- 
ferous  deposit  of  a  lead-chamber,  of  a  sulphuric  acid  factory  in  the 
Hartz  mountains,  where  iron  pyrites  is  used  for  the  manufacture 
of  sulphuric  acid.  The  name  is  derived  from  0*x*off>  green, 
because  its  existence  was  first  recognised  by  an  intense  green  line, 
appearing  in  the  spectrum  of  a  flame  in  which  thallium  is  volati- 
lised It  was  at  first  suspected  to  be  a  metalloid,  but  further 
examination  proved  it  to  be  a  true  metal.  It  was  first  obtained  m 
a  distinct  metalhc  form  by  Crookes  towards  the  end  of  the  year 
1861,  and  soon  afterwards  by  Lamy,  who  prepared  it .  from  the 
deposit  in  the  lead-chamber  of  M.  Kuhlmann,  of  Lille,  where 
Belgian  pyrites  is  employed  for  the  manufacture  of  sulphuric  acid. 

Thallium  appears  to  be  very  widely  diffused  as  a  constituent  of 
iron  and  copper  pyrites,  though  it  never  constitutes  more  than  the 
4000th  part  of  the  bulk  of  the  ores.  It  has  also  been  found  m 
lepidolite  from  Moravia,  in  mica  from  Zinnwald  m  Bohemia,  and 
in  the  mother-liquors  of  the  salt-works  at  Nauheua. 

Thallium  is  most  economically  prepared  from  the  flue-dust  ol 
pyrites  burners.    This  substance  is  stirred  up  in  wooden  tubs  with 
boiling  water,  and  the  clear  liquor,  siphoned  oft  from  the  deposit 
is  mixed  with  excess  of  strong  hydrochloric  acid,  which  precipitates 
impure  thallium  monochloride.    To  obtain  a  pure  salt  this  crude 
chloride  is  added  by  small  portions  at  a  time  to  half  its  weight  ol 
hot  oil  of  vitriol  in  a  porcelain  or  platinum  dish,  the  mixture 
being  constantly  stirred,  and  the  heat  continued  till  the  whole  oi 
the  hydrochloric  acid  and  the  greater  portion  of  the  excess  ol  sul- 
phuric acid  are  driven  off.    The  fused  acid  sulphate  is  now  to  be 
dissolved  in  an  excess  of  water,  and  an  abundant  stream  ol  hydro, 
gen  sulphide  passed  through  the  solution.    The  precipitate,  wlnoi 
may  contain  arsenic,  antimony,  bismuth,  lead,  mercury,  and  olven 
is  separated  by  filtration,  and  the  filtrate  is  boiled  till  all  tiee 
hydrogen  sulphide  is  removed.    The  liquid  is  now  to  be  renderea 
alkaline  with  ammonia,  and  boiled;  the  precipitate  of  iron  oxun 
and  alumina,  which  generally  appears  in  this  place,  is  filtered  on, 
and  the  clear  solution  evaporated  to  a  small  bulk.    Thallium  sui 
phate  then  separates  on  cooling,  in  long  clear  prismatic  crystals. 

Metallic  thallium  may  be  reduced  from  the  solution  of  the  sui 
nWe  either  by  electrolysis,  or  by  the  action  of  zinc. 
P  ThaS  is  a  heavy  metal,  resembling  lead  in  its  physical  pro- 
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perties.  When  freshly  cut,  it  exhibits  a  brilliant  metallic  lustre 
and  greyish  colour,  somewhat  between  those  of  silver  and  lead 
assuming  a  slight  yellowish  tint  by  friction  with  harder  bodies' 
It  is  very  soft,  being  readily  cut  with  a  knife,  and  making  a  streak 
on  paper  like  plumbago.  It  is  very  malleable,  is  not  easily  drawn 
into  wire,  but  may  be  readily  squeezed  into  that  form  by  the 
process  technically  called  "squirting."  It  has  a  highly  crystalline 
structure,  and  crackles  like  tin  when  bent.  It  melts  at  294° 
In  contact  with  the  air,  thallium  tarnishes  more  rapidly  than 


The  most  characteristic  property  of  thallium  is  the  intense  green 

£  ™  J 6trtal  !°r  ^  ? itS  comP°^  ™P"rt  to  a  colour- 

less flame;  and  this  colour,  when  viewed  by  the  spectroscope  is 

^JES&sssr^ appeaing  a8  one  ^ 

thJSl^if  T1Ve8>in  hy^ochloric,  sulphuric,  and  nitric  acids, 
of  reef  vapors      g      ^  euerSetica11^  ™&  ^ious  evolution 
Thallium  forms  two  classes  of  compounds— namely,  the  thalli- 
ous  compounds  in  which  it  is  univalent:  and7  hfthallic 

T  0PandnTlSbm  ^  *  *  Thus  ifc  foms  two oSes 

JJM  and  I120   with  correspondmg  chlorides,  bromides,  iodides 

he  aTJSt  /n  S°me  °f  "e™l  Nations  it  resembles 
me  aikah-metals,  forming  a  readily  soluble  and  hidilv  nllclnm 

3SSVndka^  ca"bonate'  a^s^  vtt:. 

tion  to' co?i°'al?r, S"lphate1'  Simikr  ia  form and c«mP°«i- 
non  to  common  potash-alum,  and  several  phosphates  exactly 

eslTVn  MmP°.f^n  to  the  phosphates  of  sodium     In  most 

SSvto  wf '  !•  >  -f016  T?^  alHecl  t0  the  ^vy  metals 
mSffl  ^ch  it  resembles  closely  in  appearance^ density 
'emng  point,  specific  heat,  and  electric  conductivity. 

sentf^r"^1  CHLORiDES.-Thallium  forms  four  chlorides  repre- 
sented by  the  form  id  re  T1P1  Tl  PI  Ti  m  ^  miAV  Ti  '  leIJ1\ 
and  third  of  whirb  ™  J>  '  4V  °,'  ^  aud  T1CI3  5  the  second 
^oride  andSoride      ^      d  "  comPounds  °f  the  mono- 

^naZTetZ^11^8  T101,isformed  by  direct 

aa  a  whi  e  cuSv  ™  -l^l™1118  w]?en  heated  in  chloi'ine  gas;  or 
•58  the  soluS  PSeC1Plta*e>  resembling  silver  chloride,  by  treat- 
Kboiled^  W.?»Pm*  salt  with  a  soluble  chloride, 
rates  in  „  i, +  ^  ,er  "  (llssolves  like  lead  chloride,  and  scpa- 
Wchloridlof  J7*^\  T  ^Pfl-  U  f™  double  salts  with 
2T1P1  PfP  ai'  tetrachloride  of  platinum.  The  platinum- 
M  >  -  .  l(  l„  separates  as  a  pale  yellow  very  slightly  solu- 
cUoride       6  powder>  °"  adding  pktinic  chloride  to  thalHous 

"Jth^rioS??  ?  ^McChloride,  T1C18,  is  obtained  by  dissolv- 
b      tnoade  in  hydrochloric  acid,  or  by  acting  upon  thallium. 
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or  one  of  the  lower  chlorides,  with  a  large  excess  of  chlorine  at  a 
gentle  heat.  It  is  soluble  in  water,  and  separates  by  evaporation 
in  a  vacuum  in  hydrated  crystals ;  melts  easily,  and  decomposes 
at  a  high  temperature.  It  forms  crystalline  double  salts  with  the 
chlorides  of  the  alkali-metals. 

The  Sesquichloride,  T14C16  =  T1CT3.3T1C1,  is  produced  by  dissolv- 
ing thallium  or  the  monochloride  in  nitroniuriatic  acid,  and  sepa- 
rates on  cooling  in  yellow  crystalline  scales.  By  aqueous  ammonia, 
potash,  or  even  by  thallious  oxide,  it  is  instantly  decomposed  into 
sesquioxide  and  monochloride,  according  to  the  equation: 

2T14C16  +  3KHO  =  T1203  +  6T1C1  +  3KC1  +  3HC1. 

The  Bichloride,  TL,C14=T1C13.T1C1,  is  formed  by  carefully  heat- 
ing  thalbum  or  the  monochloride,  in  a  slow  current  of  chlorine. 
It  is  a  pale  yellow  substance  reduced  to  sesquichloride  by  further 
heating. 

The  Bromides  of  thallium  resemble  the  chlorides. 
Iodides.— Tliallious  Iodide,  Til,  is  formed  by  direct  combination 
of  its  elements,  or  by  double  decomposition.  It  forms  a  beautiful 
yellow  powder,  rather  darker  than  sulphur,  and  melting,  below 
redness,  to  a  scarlet  liquid,  which,  as  the  mass  cools,  remains  scarlet 
for  some  time  after  solidification,  then  changes  to  bright  yellow. 
The  dried  precipitate,  when  spread  on  paper  with  a  little  gum- 
water,  undergoes  a  similar  but  opposite  change  to  that  experienced 
by  mercuric  iodide  when  heated,  the  yellow  surface  when  held  over 
aflame  suddenly  becoming  scarlet,  and  frequently  remaining  so 
after  cooling  for  several  days ;  hard  friction  with  a  glass  rod,  how- 
ever, changes  the  scarlet  colour  back  to  yellow.  It  is  very  shgntry 
soluble  in  water,  requiring,  according  to  Crookes,  4453  parts  01 
water  at  17-2°,  and  842-4  parts  at  100°,  to  dissolve  it. 

Thallic  Iodide,  T1C13,  is  formed  by  the  action  of  thalhuin  on 
iodine  dissolved  in  ether,  as  a  brown  solution  which  gradual*} 
deposits  rhombic  prisms.  It  forms  crystaUine  compounds  wittt 
the  iodides  of  the  alkali-metals. 

Thallium  Oxides.— Thallium  forms  a  monoxide  and  a  tn- 

The  Monoxide,  or  Tliallious  Oxide,  T120,  constitutes  the  chief  part 
of  the  crust  which  forms  on  the  surface  of  the  metal  when  exposea 
to  the  air.  It  may  be  prepared  by  allowing  granulated  thallium 
to  oxidise  in  warm  moist  air,  and  then  boiling  with  water,  in 
filtered  solution  first  deposits  white  needles  of  thallium  <^b°°Pj 
and,  on  further  cooling,  yellow  needles  of  the  hydrate,  » 
TLO.H20,  which,  when  left  over  oil  of  vitriol  in  a  vacuum,  yieia-. 
the  anhydrous  monoxide  as  a  reddish  black  mass  retaining  tm 
shape  of  the  crystals.  It  is  partially  reduced  to  metal  by  hydrog^ 
at  a  red  heat.  When  fused  with  sulphur  it  yields  thallious  sui 
phide.    It  dissolves  readily  in  water,  forming  a  colourless  stion^ 
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alkaline  solution,  which  re-acts  with  metallic  salts  very  much  like 
causUc  potash  This  solution  treated  with  zinc,  or  subjected  to 
electrolysis,  yields  metallic  thallium. 

The  Trioxide,  or  Thallic  Oxide,  is  the  chief  product  obtained  bv 
binning  thallium  in  oxygen  gas.  It  is  best  prepared  by  adding 
af S°  tThfe.S°lu,tl0nf  of  a  gallic  salt,  and  drying  the  precipitate 
at  260  It  is  also  formed  by  electrolysis  of  thallious  sulphate 
It  is  a  dark-red  powder  reduced  to  thallious  oxide  at  a  red  heat  ■ 
neutral,  inso  uble  in  water  and  in  alkalis.  Thallic  hydrate,' 
at  m?2  by  drying  the  above-mentioned  precipitate 


_  Oxygen  Salts. -Both  the  oxides  of  thallium  dissolve  readily 
in  acids,  forming ^crystalline  salts,  soluble  in  water;  there  are  also 
a  few  insoluble  thallium  salts  formed  by  double  decoinposit on 

Thallious  carbonate,  T12C03,  is  deposited  in  crystals  arma 
rently  trimetnc,  when  a  solution  of  thallious  oxide  SSSSto 

tZ\  1  13  f  S  ln  Water'  and  the  so1^™  bas  aPSStly 
caustic  taste  and  alkaline  reaction  s  ^ 

Sw^/K^s.-Thallioussidphate,  T12S04,  obtained  by  evaporat- 
ing he  chloride  or  mtrate  with  sidphuric  acid,  or  by  heatil 
metallic  thallium  with  that  acid,  crystallises  in  anhyious  rhomM? 
prisms,  isomorphous  with  potassium  sulphate.  It  forms  Tith 
aluminium  sulphate,  the  salt,  AF'TICSCM  lORfi  i'n™  -u 
with  common  alum ;  'and  ^^^S^-^S^ 
fe,  double  salts  containing  6  molecules  of  water,  and  LomoSo S 

SRS  thpP&°nC  aC'd  at  l'oili"»  Leat  with  tbalbous  aiW 
PWhoric  acW  rLT^r^  dk^r  salt  ™th  ex^ss  "f 
solnffi  ?nd  i Bfo  JpH  ™hallwT*?lt>  TlaP04,is  very  sparingly 
saturated UnlnK ?     ?     v  C17stallme  Precipitate  on  mixing  the 

Kate  als^  WpL01^^  dis,Klic  Ph4hate  and  tbaSious 
hv  /i r     u      '  tfJgether  W1th  ammon  o-thallious  nhosnlnh-  l,v 

andTbSo  v.  ,  ^?  t^™*  pyrophosphates,  H„T12P207, 

KM,  both  v,-ry  soluble  m  water:  the  first  produced  by 

Strong'/]    , ■         |,,t,rn;;-hit *1  '"'"'"I'lH-phate,  the  s,,„,„l  I , v 
VhoSL  ^fp^  C|*thalhf)u*  orlhoplH.sphale.    Of  tlu,lH„u*  m,ia- 
m&Stw!  ?JH      '■"      ,w"  '" Nations:  the  first  remaining 
""gutty  soluble  vitreous  mass  when  monothallious  orthophos- 
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phate  is  strongly  ignited,  the  second  obtained  as  an  easily  soluble 
o-lass  by  igniting  ammonio-thallious  orthophosphate.  _ 
&  Thallic orthophosphate,  T1"T04.2H20,  separates  as  an  insoluble 
gelatinous  precipitate  on  diluting  a  solution  of  thallic  nitrate  mixed 
with  phosphoric  acid. 

Thallium  Sulphide,  Tl2S.-This  compound  is  precipitated 
from  all  thallious  salts  by  ammonium  sulphide  and  from  the 
acetate,  carbonate,  or  oxalate,  by  hydrogen  sulphide  (incompletely 
also  from  the  nitrate,  sulphate,  or  chloride),  in  dense  flocks  of  a 
crreyish  or  brownish-black  colour.  Thallic  salts  appear  to  be 
Seduced  to  thallious  salts  by  boiling  with  ammonium  sulphide. 
Thallium  sulphate  projected  into  fused  potassium  cyanide  is  re- 
duced to  sulphide,  which  then  forms  a  brittle  metallic-lookmg 
mass,  having  the  lustre  of  plumbago,  and  fusing  more  readily 
than  metallic  thallium. 

Reactions  of  Thallium  Salts.— The  reactions  of  thallious  salts 
with  hydrogen  sulphide  and  ammonium  sulphide  have  just  been 
mentioned.  From  their  aqueous  solutions  thallium  is  rapidly 
precipitated  in  metallic  crystals  by  zinc,  slowly  by  iron,  bolyble 
chlorides  precipitate  difficultly  soluble  white  thallious  chloride; 
soluble  bromides  throw  down  white,  nearly  insoluble  bromide; 
soluble  iodides  precipitate  insoluble  yellow  thallious  iodide. 
Caustic  alkalis  and  alkaline  carbonates  form  no  precipitate  ;  sodium 
phosphate  forms  a  white  precipitate,  insoluble  in  ammonia,  easily 
soluble  in  acids.  .  . 

Potassium  chromate  gives  a  yellow  precipitate  of  thallious  cnroni- 
ate,  insoluble  in  cold  nitric  or  sulphuric  acid,  but  turning  orange- 
red  on  boiling  in  the  acid  solution.— Platinic  chloride  precipitates 
a  very  pale-yellow  insoluble  double  salt. 

Thallic  salts  are  easily  distinguished  from  thallious  salts  by 
their  behaviour  with  alkalis,  and  with  soluble  chlorides  or  bromides 
Their  solutions  give  with  ammonia,  and  with  fixed  alkalis  ana 
their  carbonates,  a  brown  gelatinous  precipitate  of  thallic  oxide, 
containing  the  whole  of  the  thallium.    Soluble  chlorides  or  bro- 
mides produce  no  precipitate  in  solutions  of  pure  thallic  salts  ;  am 
if  a  thallious  salt  is  likewise  present,  a  precipitate  of  sesquicnloride 
or  sesquibromide  is  formed.     Oxalic  acid  forms  m  solutions  01 
thallic  salts  a  white  pulverulent  precipitate ;  phosphoric  acid  a 
white  gelatinous  precipitate  ;  and  arsenic  acid  a  yellow  gelatinous 
precipitate.    Thallic  nitrate  gives  with  potassium  ferroeyamde  a 
oreen,  and  with  the  ferricyanide  a  yellow  precipitate. 
°  In  examining  a  mixed  metallic  solution,  thallium  will  be  louno 
in  the  precipitate  thrown  down  by  ammonium  sulphide,  together 
with  iron,  nickel,  manganese,  &c.    From  these  metals  it  may  M 
easily  separated  by  precipitation  with  potassium  iodide  or  platinic 
chloride,  or  by  reduction  to  the  metallic  state  with  zinc. 
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Thallium  salts  are  reduced  before  the  blow-pipe  with  charcoal 
and  sodium  carbonate  or  potassium  cyanide.  The  green  colour 
imparted  to  flame  by  thallium,  and  the  peculiar  character  of  its 
spectrum,  have  already  been  mentioned. 


INDIUM. 

Atomic  weight,  113-4;  symbol,  In. 
This  extremely  rare  metal  was  discovered  in  1863,  by  Reich  and 
Richter  m  the  zinc-blende  of  Freiberg,  and  has  since  been  found 
m  a  few  other  zinc-ores  and  m  the  flue-dust  of  zinc-furnaces.  The 
metallic  sponge  which  remains  when  the  crude  zinc  of  the  Freiber* 
works  is  dissolved  m  dilute  sulphuric  acid,  contains  the  whole  of 

nd^T  ?'?H4V6rrf  t0gethei>  Wkh  lead'  arsenic>  cad^» 
and  iron.    It  is  dissolved  in  nitric  acid;  the  lead,  arsenic  and 

acbaimm  are  precipitated  by  hydrogen  sulphide;  and  the  fdtere 

solution  is  heated  with  potassium  chlorate  to  bring  all  the  iron  to 

the  state  of  ferric  salt,  and  then  treated  with  ammonia  which 

Fecipitates  the  indium  as  a  hydrate,  together  with  iron  and™ 

The  precipitate  is  dissolved  in  acetic  acid;  the  indium  is  precM 

rt  ancll^6  V?  Y"*?  ;  and  freed  f™m  traces ^ 

ron  and  zinc  by  dissolving  the  precipitate  in  dilute  hydrochloric 

^   soS?o  f  ^  the1mdiT  h/  with  bariiim^arbona 

^fatiig  5£^e  *  ^  S^  a^  and 

rfrS^Tl  reduc<:d  from  its  °^'i<le  by  ignition  with  sodium  is  a 

Eecl „    '  l '  and.lsiess  volatl  e  tha*  cadmium  or  zinc  When 

Kfwith  *  5?  yeU°W  s™T°xide-  Heated  ™  cU°™e,  it 
J  urns  with  a  yellow-green  bght,  and  forms  a  chloride  which 

gAhmes  without  fusion  at  an  incipient  red  heat  in  soft  winte 

fromfcoti6^  th<2  8tl  ing  f inei'al  acMs'  and  is  l^cipitated 
oSates  irioSl,  T  7MC  and  ™dmmm-    Hydrogen  sllphL  pre- 
its  acetate  3 J'  °f  *i  Yf°W  ^Md^  from  a  ^lutiol  of 
but  Si        im  neutral  sohlti"»«  of  indium  salts  in  general 
m  not  from  solutions  containing  excess  of  the  strong  Krai 

iiHli,,,,,  iv  '  f !   :  uaUst,°  VotaBh  or  soda  throws  down 'white 
^£7^  r  "  '"  "'  RXCesa  °f the  alkali-    ^mmontum  oar- 
S       y-^pW^hilJe  in  excess,  and  reprecipi- 
pIetel^  boiling.     Ba/rvwm  carbonate  precipitates  mdium  com- 

IuSoKS  °J  if""'!  is  characterised  by  two  indigo*coloured 
'  °neve|y  bn-llt       more  refrangible  than  the  Sue  line  of 
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strontium  the  other  fainter  and  still  more  refrangible,  and  ap- 
ProaS  the  blue  line  of  potassium.  It  was  the  observation  of 
this  Siliar  spectrum  that  led  to  the  discovery  of  the  metal. 

The  SJ  of  the  principal  normal  indium  compounds  are  as 
follows : 

?n£lnd  Ammonium  Chloride,  2NH4Cl.InCl3  +  H20 
Yellow  Oxide,     .  •  • 

Hydrate,     .      ,       •       •  ■ 

Nitrate,  t   /on  \    i  qtt  o 

Sulphate,  MSO^-f  9H20. 

The  yellow  oxide,  heated  in  a  stream  of  hydroge n,  is  sue ces- 
sively  rSuced  to  a  green,  a  grey,  and  a  black  oxide  (In02),  and 
at  a  low  red  heat  to  the  metallic  state. 


GOLD. 

Atomic  weight,  197 ;  symbol,  Au(Aurum). 
Gold,  in  small  quantities,  is  a  very  widely  diffused  metal ;  traces 
of  it  are  constantly  found  in  the  iron  pyrites  of  the  more  ancient 
rocks     It  is  always  met  with  in  the  metallic  state,  sometimes 
beaSifully  crystallised  in  the  cubic  form  associated with  quarto, 
iron  oxide,  and  other  substances  in  regular  mmera ^ 
sands  of  various  rivers  have  long  furnished  gold  d erived l  from .  tbu 
source,  and  separable  by  a  shnple  process  of  washing  ;  such  is ,1M 
gold-dust  of  commerce.    When  a  veinstone  1«  ^r^nStfs  with 
is  stamped  to  powder,  and  shaken  in  a  suitable  apparat us  with 
water  and  mercury;  an  amalgam  is  thus  f0™^™^^ 
wards  separated  from  the  mixture  and  decomposed  ^  ^llat  on 
Formerly,  the  chief  supply  of  gold  was  obtamed  from  the  mines 
ofXzil,  Hungary,  and  the  Ural  mountains ;  but  Cabforma  and 
Australia  now  yield  by  far  the  largest  quantity.    The  new  gold- 
field  of  British  Columbia  is  also  very  productive 

Native  gold  is  almost  always  alloyed  with  silver.  The  purest 
specimens  have  been  obtained  from  Schabrowski  near  kathai intn- 
burg,  in  the  Ural.  A  specimen  analysed  by  Gustav  Rose  wasfmuj 
to  contain  98"96  per  cent,  of  gold.  The  CaMornian  gold  average 
from  87-5  to  88"5  per  cent.,  and  the  Australian  from  96  to  96  o  per 
cent.  In  some  specimens  of  native  gold,  as  in  that  from  Lmarcu  >u 
in  the  Altai  mountains,  the  percentage  of  gold  is  as  low  as  W  per 
cent.,  the  remainder  being  silver.  . 

Pure  gold  is  obtained  from  its  alloys  by  solution  m  ™|™-mm 
iatic  acid  and  precipitation  with  a  ferrous  salt  which  reduces  the 
"old  and  is  itself  converted  into  a  ferric  salt,  thus : 

6FeS04  +  2AuCl3  =  2Fe2(S04)3  +  Fe2Cl6  +  Au2. 


GOLD.  4n 


b^ff  ^ " P0Wd6r wUch  the  bailie  In** 

Gold  is  a  soft  metal,  having  a  beautiful  yellow  colour  It 

temperature;  the  ordinary  acids  fail ^  attar  c  it  l  i       a**  ^ 

uuxP°uiias,uiwuichitistiivalent,asAii'/'CL,Auw,0  &c 
posed  to  a  heat  of  297°  i,nHl  P  to  ^ess,  and  ex- 

1 he  trichloride  or  _4itn'c  chlnnrh  T 

alcohol  and  ether     A i  ^  deliquescent,  and  soluble  ih  water 

abates,  of  which  ST^np^l T  do»bl! ^  ^Ued  chloro- 

MCl.AuCl3;  M  represenlno  t  T^J*  th&  ^^rous  state  is 

^Pounds  are  mSTS?       \t0m  °f  a  monad  metal.  These 

kp&ed  of  wate TTfp^f^^  ?n  Crystals'  and  r^  when 
taffispq     t  lhe  amrnomumsalt,  NH,C1  An 01  R  n  I 

90di^  carbonateTSsed  £ £  °J         Potassium  °r 

?K>er:  these  are  cleaned  bv  rin n    g-+™a11  °r"'"""utaI  articles  °* 

,mt         wati^^^Sf^  means  they  ac^e  a  thin 

OxiDFS   Th  • 

^  PoU  in'soZioS^  ATm  is  Produ<*d  who,, 

 -  Powder  \»XZXr-nn  W^monochloride.  'tis 

W ]y  -  nt h  '/h  ^^liquidj  the  solution 

2  D 
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■u  A  n  O  —When  magnesia  is  added  to 
Trioxide,  or  ^UT^°  \t^u!oJll Tanrate  of  magnesimn  well 

washed  and  digested  with  ^  ^^ch  ^vhen  cby  becomes  chest- 
insoluble  reddish-yellow  powdei y  ^ 

nut-brown.  It  ifl  easily  ^™^aSB>  with  the  exception 
sure  to  light ;  it  is  msolubl i ^ - Yofluoric'acid,  easily  dissolved 
of  strong  nitric  acid  ^l^^dia    Alkalis  dissolve  it  freely : 

indeed,  the  acid  F°lf °*  1  ^  solution  of  potassium  chloride 
marked;  it  partially  f^^S hydrate  being  produced, 
when  boiled  mth  ^^^p^T^  ^  conslst. 

When  digested  with  ammonia,  it-  vn- 

S  adding  to  Berzebns caUed  aurate. 

The  compounds  of  aunc Q  ^         t  l.  ] 

The  potassnm  salt  Kf>  f.^s^  times2used  as  a  bath  for 
line  salt,  the  solution  of  which  ^  ^  Ute  of  potas- 

posed  by  evaporation  or  ^faom  concentrated  solu- 

W^SP^Ws^^S^tSlpnate,  and  precipitating 

aureus  thiosulphate,  Ba  3Au2(b2U3)4.  dark-brown,  : 

SuLphidbb.-^«-o«8*«^,  Aug Jtomej  d  mt0  a 

almost  black  precipitate         Jj^^rn^ ^Sphur-salte  with  the 
boiling  solution  of  woe.  chloride  •  gtoj^ 
monosidphides  of  pc ;  assium ^^^rogen  gulplfide  is  passed 

dissolve  in  ammonium  sulphide. 

'  The  presence  of  gold  ^ff^^^^^^i 

precipitate  with/™*  svtoUte,  Wjg^  p^ciW, 

W  of  metallic  gold;  also  by  the              (^M!^  ^loride  is 

called  "Purple  of  Cassius,"  iormed  when  precipitate i 

S  to  diliL  gold  I 

iB  not  exactly  known,  but  after  igmtion ^it  #  ^  enajncl. 
mixture  of  stannic  oxide  and  metallic  goia. 
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it  for  24  hours.    For  the  quantitative  analysis  of  a  solnH™  „„ 
taming  go  d  and  other  metals,  oxalic  acid  i  K  most  cases  a 
convement  precipitant  than  ferrous  sulphate  •  !    ?  1 

quantities  of  the  other  metals  are  K'S'dfifid  £ 

al- 

its  hardness  and  disability:  the  first-named  ™?£P  '  f  °  mCmif 
greenish  colour.  ^n^^lTg^i^^J  ^ 
always  copper.  Gold  when  alloyed  with  Z^"v  tf  ?' 

gold  to  }  »ilver  X  t„l!l  »  tl^  l  ft  r°l'raUe  Pr°P<"*>M  are  I 
§»pe  of  th< "alio,  ami o  n  t         P"f-'  ,Mtaini,1S  ">e  "'gin  J 

T.u..     'iSitSS07  mmt  'herefOTe 

^ch  thus  SaLJSjf  ov^H  2  g°ld  VVith  that  metal> 
^sequently  heated  to  e*™i  rt.^  the,r  SUrW  the  articles  are 
QA<%  on  steel is  , lorn.  J.       f  ^  theu  burnished. 

cMoride  in  ethe nr£™    ?°r  ^aPP^g  a  solution  of  auric 

eIeoteoly8is-aTSr,f  i  1  ^  W1,th  the  furnisher.  Gilding  by 
s!''|i"^  many  of  the  others^  now  rapidly  4^ 

^^iS^3i^^±^^«  cyanide 
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CLASS  IV.— TETRAD  METALS. 
GROUP  I.-PLATINUM  METALS. 


PLATINUM. 

Atomic  weight,  197 -6  ;  symbol,  Pt. 

Platinum,  palladia  rhodi S^^ToT- 

lad  a  little  iron  occurs  in  gr ^HSd  transported 

tolerably  large  ^Tthe  Ur~a mluntuins,  in  Russia,  in  Brazil, 
materials,  on  the  slope  of  ^id^mittt     ,  ^  ^  ^ 

rials  to  nave  been  serpentine  _reT)area  by  the  following 

From  this  ^^jg*™^  Ton  as  faTas  possible  by 
process:    The  crude  metal  is  acted jrpon  £  ^  and 

aitro-mnriatic  acid,  containing  an  excess  ol  ny 
slightly  diluted  with  water  in  order  to  ^  . 

titv  of  iridium  as  possible    to  a  neepj*  .  ,  Mch 

3  solution  thus  produce k  S^ihTrtate  of 

nearly  tbe  whole  of  the  platimun  ^thrmn  ao  &  ^ 

ammonium  platinochloride  This .sutat ance  ^ 

cold  water,  dried  and  ^^^5,^  fused  into  a  compact 
in  the  spongy  state.    Tn  s  metal  can  ^ 
mass  by  ordinary  furnace-heat,  but  the ,  same  c »  J     ^  J  lik  ^n, 
plishedV  taMng  advantage  a  tUj 

at  a  high  temperature,  lhe  spon0>  p  oi^htlv  conical  mould 
uniform  paste  with  water,  mtroduced  into  a  shghU)  con  ^ 
of  brass,  and  subjected  to  a  ff^uated  Ff^CTS  Sufficiently 
water  is  squeezed  out,  and  the  mass  ^ff^caieUy  heated  to 
solid  to  bear  handhng.  It  is  th^o^V^erfui  pressure.  If 
whiteness,  and  hammered,  or  subject ed then  te 
"da  operation  is  properly  conducted  the  P^unum  >  rf 
late  to  bear  forging  iiito  a  bar,  which   an  afterwaids 


this 
a 


a  stave  l<j         ^"-g        -  ~    '  i„„-11TO 

into  plates,  or  drawn  into  wire,  at  please.  ^ 
A  method  for  refining  platinum  has  lately  bee g  to  th, 
nnt  Debray.    It  consists  in  submitting  the  crude  mew 
SoiioSmtenselybightem^ 
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side  of  this  basin,  through  which  the  metal  is  introduced  and 
poured  out.  A  cover  made  of  another  piece  of  lime  fits  on  the  top 
of  tins  basin ;  it  is  also  hollowed  to  a  small  extent,  and  has  a 
corneal  perforation  at  the  top,  into  which  is  inserted  the  nozzle  of 
an  oxy-hydrogen  blow-pipe.  The  whole  arrangement  is  firmly 
bound  with  non  we.  To  use  the  apparatus,  the  stopcock  sup- 
plying the  hydrogen  (or  coal  gas)  is  opened  and  the  gas  lighted  at 
the  notch  in  the  crucible :  the  oxygen  is  then  gradually  supplied  ; 
and  when  the  turnace  is  sufficiently  hot,  the  metal  is  introduced 
in  small  pieces  through  the  orifice.  By  this  arrangement  as  much 
as  50  pounds  of  platinum  and  more  may  be  fused  at  once  All 
the  impurities  in  the  platinum,  except  the  iridium  and  rhodium 
are  separated  in  this  manner:  the  gold  and  palladium  are  vola- 
tiused;  the  sulphur,  phosphorus,  arsenic,  and  osmium,  oxidised 
and  volatilised;  and  the  iron  and  copper  oxidised  and  absorbed 
by  the  lime  of  the  crucible. 

Platinum  is  a  little  whiter  than  iron:  it  is  exceedingly  maUe- 
ab  e  and  ductile,  both  hot  and  cold,  and  is  very  infusible,  melting 
only  before  the  oxy-hydrogen  blow-pipe,  or  in  the  powerful  blast- 
furnace just  described.  It  is  the  heaviest  substance  known,  its 
specific  gravity  being  21 -5.  Neither  air,  moisture,  nor  the  ordinary 
acids  attack  platinum  m  the  slightest  degree  at  any  temperature : 
hence  its  great  value  in  the  construction  of  chemical  vessels.  It 
«  dissolved  by  mtro-muriatic  acid,  and  superficially  oxidised  by 
oxide  P°taSS1Um  hydrate>  wWch  enters  into  combination  with  the 

u  Jnne.rfemarkable  P™?^  of  fcne  spongy  metal  to  determine  the 
umon  of  oxygen  and  hydrogen  has  been  already  noticed.  There 
w  a  stdl  move  curious  state  in  which  platinum  can  be  obtained- 
KSw  pl?!lnu^b\ac}c>  m  ^ch  the  division  is  carried  much 

cSoS;  tr TwLt  7  Prepare/  ^  boUing  a  80lllti011  of  P^tinic 
5nS.      7  enXCGSS  °f  sodlum  carbonate  and  a  quantity  of 

eTs    ThTn  P,erfeCtlT  bkck'1  and  the  ^pernatant  liquid  colour- 

by  Kenie  he ^  ^  eVS,C°lleCted  °n  a  fiIter'  washed>  a»d  dried 
conden  JL7  f '    ThlS  substance appears  to  possess  the  property  of 

X  eX^?!  m°r,e  eTeClally  °X^m'  int0  it8  P°^8  t0  a  very 
•  ,lf      y  't  the  latter,  with  copious  effervescence,  into  carbonic 
by  V   °PPted  UPT  H16  Platinum-black,  becomes  changed 

«SS \v  JlTtlC  aCld'.the  rise  of  temperature  being  often 
he  at  th   1  ?  fUSe  ^ammation.    When  exposed  to  a  red- 

ance  of  col?  aul,stil-ce  shrinks  in  volume,  assumes  the  appear- 
ed, oi  i  M,,"inR,y  Platimm>>  and  loses  these  peculiarities, 
state  Uk  the  result  of  its  excessively  comminuted 

B  f°™s  two  series  of  compounds:  the  platinoufl 

mpounds,  m  which  it  is  bivalent;  e.g.,  Pt"Cl2,  Pt"0,  and 
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the  platinic  compounds,  in  which  it  is  quadrivalent,  e.g., 
Ptf'Cl*  Pt"02,  &c. 

Ohtorides  —The  dichloridc,  or  Platmous  chloride,  M  u»  is 

tion  ol  trie  leiidcuiuii  cn-ppnish-grev  powder,  rnsoluhle  in 

5t"4TSSSa  ^tjt^tn.  Ve  latter  solution, 
ltd  S  sal  aSmonL  or  potassium  chloride,  deposits  t .  double 
salt  in  fine  red  prismatic  crystals,  containing,  m  the  last  case, 
2KCl  PtC  !  The  corresponding  sodium-compound  is  very soluble^ 
I  difficult  to  crystallise.  These  double  salts  are  called  platmoso- 
M^^tSS^^    Hatinous  chloride  is  decomposed  by 

^JS^^^^V  TSddSu- 
when  platinum  is  dissolved  in  nitro  -muriatic  acid.  The: acid ^  olu 

tion  yields,  on  evaporation  to  dryness,  a  red  or  teownm  idue 
deliquescent,  and  very  soluble  both  m^to^  ?chloride 
anueous  solution  has  a  pure  orange-yellow  tint     Platinic  cmonae 
Ses  with  a  great  variety  of  metallic  chlorides  forming  double 
£fe iMplaLo-cMoridl  or  chloro-platinates ;  the : most  n^por 
of  these  compounds  are  those  containing  the  ^"J^^ 

difficultv  bv  heat.    It  is  easdy  reduced  by  hydrogen  aiau8 
tmpeSme7,  yielding  a  mixture  of  potassium  chloride  and  plati- 
nuin-black:  the  latter  substance  may  thus,  indeed,  be  very ^easuj 
prepared.    The  sodium-salt,  2NaCl.PtCl4.6H20,  is.  very  soluble, 
LyLllising  in  large,  transparent  ^-red Jgg^P- 
beauty.    The  ammonium-salt,  2NH4Cl.iJtOl4,  is  ™awuu  * 
in  physical  characters,  from  the  potassium-salt :  rt»^SwS3 
as  a  precipitate  of  small,  transparent,  yellow,  oct o bed  a  1  crista* 
when  sal-ammoniac  is  mixed  with  platinic  clilo ride       is  bu 
feebly  soluble  in  water,  still  less  so  in  .dilute  alcohol  and L  isdfi 
composed  by  heat,  yielding  spongy  P^^/^£^l°3 
hydrochloric  acid,  and  nitrogen  are  driven  oft.    Plat  in  c  cm™ 
So  forms  crystallisable  double  salts  with  the  nydrochlondej « 
manv  organic  bases;  with  ethylamine,  for  example,  the  com 
pound,  2[NH2(C2Hft).HCl].PtCl4. 

The  bromides  and  iodides  of  platinum  are  analogous  in  compw 
aodlik^fanadouWe  salts  with  alkalme 

bromides  and  iodides. 
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Oxides— The  monoxide,  or  Platinous  oxide,  Pt"0,  is  obtained 
by  digesting  the  dichloride  with  caustic  potash,  as  a  black  powder 
soluble  in  excess  of  alkali.  It  dissolves  also  in  acids  with  brown 
colour,  and  the  solutions  are  not  precipitated  by  sal-ammoniac 
When  platinum  dioxide  is  heated  with  solution  of  oxalic  acid  it 
is  reduced  to  monoxide,  which  remains  dissolved.  The  liquid  has 
a  dark  blue  colour,  and  deposits  fine  copper-red  needles  of  platinous 
oxalate. 

The  dioxide,  or  Platinic  oxide,  Ptlv02,  is  best  prepared  by  adding 
barium  nitrate  to  a  solutiou  of  platinic  sulphate;  barium  sulphate 
and  platmic  nitrate  are  then  produced,  and  from  the  latter  caustic 
soda  precipitates  one-half  of  the  platinum  as  platinic  hydrate 
ihe  sulphate  is  itself  obtained  by  acting  with  strong  nitric  acid 
upon  platinum  bisulphide,  which  falls  as  a  black  powder  when  a 
solution  of  the  tetrachloride  is  dropped  into  potassium  sulphide 
riatimc  hydrate  is  a  bulky  brown  powder,  which,  when  gently 
heated,  becomes  black  and  anhydrous.    It  may  also  be  formed 
by  boiling  platmic  chloride  with  a  great  excess  of  caustic  soda, 
and  then  adding  acetic  acid.    It  dissolves  in  acids,  and  combines 
mth  bases :  the  salts  have  a  yellow  or  red  tint,  and  a  great  dis- 
position to  unite  with  salts  of  the  alkalis  and  alkaline  earths 
giving  rise  to  a  series  of  double  compounds,  which  are  not  preci- 
pitated by  excess  of  alkali.    A  combination  of  platinic  oxide  with 
ammonia  exists,  which  is  explosive.    Both  oxides  of  platinum  are 
reduced  to  the  metallic  state  by  ignition. 

fhS L™IDE/-~The  comPounds,  Pf'S  and  Pt«S2,  are  produced  by 
mil  n?^  5^°g-?  sulPhide»  or  the  sulphydrate  of  an  alkali- 
metal,  on  the  dichlonde  and  tetrachloride  of  platinum  respectively; 
S\?h    ?  \  fubstances'  ^soluble  in  water.    Platinic  sul- 

PPd  ln  a  Cl°T  Z-f 61  giveS  off  half  ifcs  sulPhur>  ^id  is 
Sw£  P   Jn°Ui8  l^1^    Itdissolves  in  alkaline  hydrates, 

Alr2eSde?omPlPd^ySacSrmg  ***  ^ 


Ammoniacal  Platinum  Compounds. 

uZl  1,;!,,;,ride8'  oxide8>  ™lphateH,  &c,  of  platinum  are  capable  of 
I  .1  If  °r  mm'C  rnolecuJe*  of  ammonia,  and  forming  com- 
SnunSf ?  ™>  ma"y  respects  to  the  ammoniacal  mercury 
• .mis  a ready  described.  There  are  five  series  of  these  com- 
l-l  I.  ;  •  h  he  formulated  as  in  the  following  lahl,,  the  «y,„- 
K  denoting  a  umvalent  chlorous  radical,  such  as  CI,  Hr,  NOs,  &c. 

I.  Diammonio-platinoua  compounds,  2NH,.Pt"R„ 

■  J-etrammonio-platinous  compounds,  4NIL.  Pt'%  . 

IV  Sffnionio-platmic  compounds,  2NH".!.  Pt" R  . 

v.  letrammomo-platinic  compounds,  4NH».Pt"E4. 

v-  uctammomo-d, platinic  compounds,  8NhJ.  Pt'*sE0O". 
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Any  number  of  atoms  of  the  univalent  radical  R  may  he  re- 
placed in  these  compounds  by  an  equivalent  quantity o  another 
radical,  univalent  or  multivalent,  thus  giving  rise  to  oxychlondes, 
nitrato-chlorides,  oxynitrates,  &c.  ,  . 

The  Diammonio-platinous  'and  Tetrammo^o-plaUmc  Gompov^ 
(1  and  IV.)  may  e^dently  be  derived  from  double  and  qnadrupk 
modules  of  ammonium  salts  by  the  substitution .atW  _«] W 
for  an  equivalent  quantity -  o ^y^°gen:e  g  2 NH3  Ft  U2- 
fflHPt"  CL  and  4NHvPt"Cl4  =  (N4H12Pf,).Cl4.     Ine  com- 

stood  when  it  is  remembered  that,  mtrogen  being  a  pentad 
elSmenl  Nk  is  a  bivalent  radical,  and  that  any  number  of  such 
racicals  may  be  added  to  a  compound  without  disturhing  the 
hXnce  <rf  iivalency  (pp.  248,  249)  ^^t^e 
of  NH,  to  any  compound  containing  hydrogen  comes  to  the  same 
Sung  as  replacing  an  atom  of  hydrogen  in  that  compound  by 
aSonium,  NH4:  these  tetrammomo-platrnous  compound  m| 
also  be  regarded  as  salts  of  diarmrioplatoso-diammomuvi,  that  is  01 
a  double  ammonium  molecule,  N2H8,  m  which  two  atoms  of 
hydrogen  are  replaced  hy  Pt",  and  two  more  by  (^^2.-l^| 
diammonio-platinic  compounds  (III.),  the  Went  radical  (Pt  Cl^ 
plavs  the  same  part  as  Pt"  in  the  diammonio-platmous  compounds. 
P  ?he  following  table  exhibits  the  constitution  of  the ^  several 
groups  of  compounds  according  to  these  views,  taking  the  chlorides 

as  examples : —  ^, 
r  NH3C1 

I.     2NH3.PtCl2    =  (N2H6Pt'0Cl2  =  ^ 

NHoCl 


NH3CI 
NH3 

II.  4NH3.Pt"Cl2  =  [N2H4(NH4)2Pt"]Cl2  =  Pt 

NH3 

NH3C1 

III.  2NH3.Pti'Cl4  =  [NjH^Pt'-ClsHClg  = 

rlH3Cl 

N2HGC12 
n 

IV.  4NH3.Pt"Cl4  =  (N4H12Pt")Cl4  =  Pt 

N2HCC12. 
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V.  The  octammonio-diplatinic  compounds  consist  of  double 
molecules  of  tetrainnionio-platinic  compounds  having  two  or 
more  molecules  of  the  univalent  radical  R,  replaced  by  an  equi- 
valent quantity  of  a  bivalent  radical:  e.g.,  the  oxynitrate  = 
8NH3.Pt"2(NO3)0O"  =  (N8H24Pr2)  j  (NQ?A 

I.  Diammonio-platinous  Compounds.— These  compounds 
are  formed  by  the  action  of  heat  on  those  of  the  following  series 
halt  the  ammonia  of  the  latter  being  then  given  off.  They  are  for 
the  most  part  insoluble  in  water,  but  dissolve  in  ammonia,  repro- 
whenlieated  tetrammoni°-Platinous  compounds :  they  detonate 

Chloride ,  N2H6Pt"Cl2.-Of  this  compound  there  are  three  iso- 
meric modifications:*  Yellow,  obtained  by  adding  hydrochloric 
acid  or  a  soluble  chloride,  to  a  solution  of  diammonio-platinous 
nitrate  or  sulphate,  or  by  boiling  the  green  modification,  v  with 
anmiomum  mtrate  or  sulphate  ;  or,  by  neutralising  a  solution  of 

S  T  "J  hydrochloric  acid  with  ammonium  carbonate, 
heating  the  mixture  to  the  boiling-point,  and  adding  a  quantity  of 
ammonia  equal  to  that  already  contained  hi  the  liquid,  filtering 
torn  a  dingy  green  substance,  which  deposits  after  a  while  theii 
SSf  the :  «olutl«n  t0  cool;  and  decanting  the  supernatant  liquid 
as  soon  as  the  yellow  salt  is  deposited.  /3.  Bed.— It  in  the  last 
mnde  of  preparation,  the  ammonium  carbonate,  instead  of  bein* 
added  at  once  m  excess,  be  added  drop  by  drop  to  the  hydro- 
le  ,Tlutl°n  °f  chlo"de,  the  liquid  on  cooling 

t  1  lT  \f  met1-colT,ed  CI7Stals  haYinS  the  f0™  of  six- 
aided  tables    This  red  modification  may  also  be  obtained  in  other 

leen  Jf'nflf        ^  T^T'  usuaUy  denominated  the 
vSmt  £5 9n^'  Wt!  h6nfirst  discovered  of  the  ammoniacal 
Pla tinum  compounds.    It  is  obtained  by  gradually  adding  an  acid 
o  tmnofplatinous  chloride  to  caustic  ammonk;  orbypasSg 

I  0cllnTC  fS  mt°  5  5°^  8°luti0n  of  idatinicXride^ 
.  ,  f°™P  6- 7  converted  in*o  platinous  chloride  (and  there- 
Si  thf  I  FT  a  PreuclPlfcate  with  sal-ammoniac)  and  neu- 
St7m  iPPn  ^  ^ ^amm°nia;  the  compound  is  then  de- 
al- l,  E  T  ?r  The  8^ie  modification  of  the  salt  may 
to  a  soluS ed>/ddrnganacid  solution  of  platinous  chloride 
a  solution  ot  tetrammomo-platinous  chloride  N  H  Pt'Tl 

SainXbfft  W'%,   is  a  ye^^k 

N  H  p  "r      f',        the  a(lueous.  solution  of  the  compound, 

poUi  fee  i^Tftsn^?rt^tha  lattercom- 

]>latitir,„«  V   i   !  I  0,  ol.lained  by  boating  t  etrammonio- 

,      ".'    llv"'al"  fc0  1  i°J-  ^  a  greyish  mass,  which,  when  heated 
«aa  close  vessel  gives  off  water,  ammonia,  and  nitrogen, 
i  j?  "!etamc  ^tinum.     The  hydrate,  N2H„Pt". (H?>)2 
s,  !;  :r  1  ',y  decomposing  the  sulphate  with  baryta-water,  is  a 
„  case,  soluble  m  water,  having  an  alkaline  reaction,  absorb- 
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ina  carbonic  acid  from  the  air,  and  liberating  ammonia  from  its 
salts ?Odling).  The  sulphate,  N2H8Pt"S04.H20  and  the  nitrate, 
N  Wi,  are  obtained  by  boiling  the  iodide  with  sulphate 

of  Silver :  they  are  crystalline,  and 
reaction.  The  sulphate  retains  a  molecule  of _  crystallisations  ater, 
which  cannot  be  removed  without  decomposing  the  salt. 

II.  Tetrammonio-platinous  Compounds. -The  chlorick, 
N4H12Pt"Cl2,  is  prepared  by  boiling  platmop,  cUonde  or  the 
areen  salt  of  Magnus,  with  aqueous  ammonia  till  the  whole  is 
d  ssolved  and  evaporating  the  liquid  to  the.  crystallising  point. 
The  -  and  iolide  of  this  series  are  °^ed^^^ 
solution  of  the  sulphate  with  bromide  or  iodide  of  barium .  they 
rySse  in  cubes1  The  oxide,  N4H12Pt"0,  seamed  as^cry*- 
taUine  mass  by  decomposing  the  solution  of  the  s  ulpha te ^with n 
equivalent  quantity  of  baryta-water,  and  evaporating  the  filtrate 
in  a  vacuum  It  is  strongly  alkaline  and  caustic,  like  potash, 
absorbTcSonic  acid  rapicfbj  from  the  air  and  precipitates  silver 
oxide  from  the  solution  of  the  nitrate.  It  is  a  strong  base,  neu 
tralising  acids  completely,  and  expelling  ammonia  from  its  safe 
Tt  melts  at  110°,  giving  off  water  and  ammonia  and  leaving 
dlmmloVaLous  oxTde.  Its  aqueous  solution  does  not  give 
off  ammonia,  even  when  boiled.  , 

CarbonateL-The  oxide  absorbs  carbon  dioxide  rapidl 'horn  the 
air  forming  first  a  neutral  carbonate,  N4H12Pt  LU3.tt2u,  anu 
aSeiWs  °an  acid  salt,  Wt"CO  RCO.  J^Jjgtj 
N4H19Pt"S04,  and  the  nitrate,  N4H12Pt"  N03)2,  are  oh  ton ed  by 
decomposing  the  chloride  with  silver  sulphate  or  nitrate ;  they  are 
neutral,  and  crystallise  easily. 

III.  Diammonio-platinic  Compounds— The  cldonde, 
NoHrPt"Cl4,  is  obtained  by  passing  chlorine  gas  into  boitog  water 
hAvhich  diaminonio-platinous  chloride  (the  yeUow  modificatio^ 
is  suspended.  This  compound  is  insoluble  m  co  d  water  anj 
very  slightly  soluble  in  boiling  water,  or  in  water  containm 
hydrochloric  acid.  It  dissolves  in  ammonia  at  a  boiling  heat,  and 
the  solution,  on  cooling,  deposits  a  yellow  precipitat e,  consist m 
of  tetrammoniacal  platmip  chloride.  It  dissolves  m  boiling  potash 
without  evolving  ammonia.  .  , ,    ,  -i 

Nitratcs.-Anoxynitrate,  N2HBPt"(Np,)sO",  is  obtained ^  bod 
ins  the  chloride,  N2HGPtCl4,  for  several  hours  with  a  dilute  sonv 
S5.  of  silver  nitotL  It  A  yellow  crystalline  powder  spann^ 
soluble  in  cold,  more  soluble  in  boding  water.  The  norma* 
Sate  Wt'W)4,  is  obtained  by  dissolving  the  ormj* 
S  nitric  acid8:  it  is  yellowish,  insoluble  in  cold  water,  soluble  m 

h0TnetSdN2H6Pt^03,  is  obtained  by  adding 

hmline  solution  of  diammonio-platimc  nitrate  ;  it  is  then  precip 

B  Smof  a  heavy,  yellowish,  crystalline  powder,  com- 
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posed  of  small  shining  rhomboidal  prisms ;  it  is  nearly  insoluble 
in  boiling  water,  and  resists  the  action  of  boiling  potash.  Heated 
in  a  close  vessel,  it  gives  off  water  and  ammonia,  and  leaves 
metallic  platinum.  It  dissolves  readily  in  dilute  acids,  even  in 
acetic  acid,  and  forms  a  large  number,  of  crystallisable  salts,  both 
neutral  and  acid,  having  a  yellow  colour,  and  sparingly  soluble  in 
water.  Another  compound  of  platinic  oxide  with  ammonia, 
called  fulminating  platinum,  whose  composition  has  not  been 
exactly  ascertained,  is  produced  by  decomposing  ammonium 
platino-chloride  with  aqueous  potash.  It  is  a  straw-coloured 
powder,  which  detonates  slightly  when  suddenly  heated,  but 
strongly  when  exposed  to  a  gradually  increasing  heat. 

IV.  Tetrammonio-platinic  Compounds. — The  oxide  of 
this  series  has  not  yet  been  isolated.  The  chloride,  N4H10PtivCl4, 
is  obtained  by  passing  chlorine  gas  into  a  solution  of  tetrammonio- 
platinous  chloride ;  by  dissolving  diammonio-platinic  chloride  in 
ammonia,  and  expelling  the  excess  of  ammonia  by  evaporation ; 
or  by  precipitating  a  solution  of  tetrammonio-platinic  oxynitrate 
or  mtrato-chlonde  with  hydrochloric  acid.  It  is  white,  and  dis- 
solves in  small  quantity  in  boiling  water,  from  which  solution  it 
is  deposited  m  the  torm  of  transparent  regular  octohedrons,  havino- 
a  taint  yellow  tint.  When  a  solution  of  this  salt  is  treated  with 
silver  nitrate,  one-half  of  the  chlorine  is  very  easily  precipitated 
out  to  remove  even  a  small  portion  of  the  remainder  requires 

V^gpHtlr«ed-aCti0n  °f  the  silver-salt-  The  chlorobromide. 
ill  '-i  V  2',  1S  PreParetl  hy  treating  tetrarnmonio-platinous 
cnionde  with  bromine.  An  oxynitrate,  N4H19Pt"(NO,),0 ;  a 
^ato-chlonde  N4H12Pt'WO?)2CL ;  a  sulphatUdoride,  B%Jpt>> 
W&oSiS.0" al0-M0ride>  NA2PtiXWCl2,  have  like- 

V.  Octammonio-diplatinic  Compounds.— An  oxynitrate 
ZoZ'Z r  ^  N^24Pt"2(N03)flO",  is  produced  by  boilingTrS 

o-p  a uious  nitrate  with  nitric  acid.    It  is  a  colourless,  crys- 

n  Sinf        ng-Salt!  8  ^  S0]uble  in  cold  water>  ™™  soluble 

^S,T§  ^'S^i^  (GThrU).  Aftrat-- 

formp,l  ™t  T?i  24  ,2'  °3^0  C12'  discovered  by  Raewsky,  is 
Sfjw  ^Magnus's  green  salt  is  boiled  with  a  large  excess  of 
KSi,  Rfe,fl  fllmes  are  fchen  evolved,  and  the  resulting  solu- 
5.  7ls  he  mtrat-oxychloride  in  small  brilliant  needles, 
agrate  when  heated,  giving  off  water  and  sal-ammoniac 
,  J  paving  metallic  platinum.  The  nitric  acid  in  this  salt  may 
yiddSttS      an  e1lu,vale,,t  quantity  of  carbonic  or  oxalic  arid 


an  Y?(y'(5  C°Br?8'  W^WW,  and  N8H24Pt 
BohibV    V  25    •      of  which  are  crystallisable  and  sparingly 

oxynitrntt        '    obtame(J  hy  adding  ammonium  oxalate  to  tho 


2 
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Reactions  of  Platinum  Salts. -Platimc  chloride  or  a  platinic 
or™ -salt  may  be  recognised  ia  solution  by  the  ye  low  preci- 
pitate which  it  forms  with  sal-ammoniac,  decomposable  by  heat, 
with  production  of  spongy  metal.  ,„,,_  fnrm  a 

Hudroqen  sulphide  and  ammonium  sulphide  gradually  loim  a 
broVn  pi-ecipitate  of  platimc  sulphide,  soluble  in  excess  of  am- 
monium sulphide.    Zinc  precipitates  metallic  platinum.  . 

chloride  and  Lhum  platinochloride  free^g^™ 
analytical  investigations  to  detect  the  presence  of  potassium  and 
Sate  it  from  sodium.    For  the  latter  purpose,  the  alkaline  sa 
are  converted  into  chlorides,  and  in  this  state  mixed  with  four 
Junes X?r  weight  of  sodium'platinochloride  in  crystals,  the  whole 
K  Solve!  in  a  little  water.    When  the  formation  of  the 
Sw  salt  appears  complete,  alcohol  is  added,  and  the  precipitate 
collected  on  a  weighedW,  washed  with  weak  spirit^  caxehdly 
dried   and  weighed.     The  potassium  chloride  is  then  easily 
r  SneTfrom  tfe  weight  of  ttie  double  salt ;  and  this,  subtracted 
from  the  weight  of  the  mixed  chlorides  employed,  gives  that  of 
fhe  so^hloride  by  difference ;  100  parts  of  potassium  platino- 
chloride  correspond  to  30-51  parts  of  potassium  chloride. 

Capsules  and  crucibles  of  platinum  are  of  grea t  vdue  to  the 
chemist:  the  latter  are  constantly  used  m  muiend  ana Ijjm,  lor 
fusing  siliceous  matter  with  alkaline  carbonates.  Th ey  suiter  no 
injury  in  this  operation,  although  caustic  alkali  roughens  andcorf 
rodes  the  metal.  The  experimenter  must  be  particulai  y  caielu 
to  avoid  introducing  any  oxide  of  an  easily  fusib k  J*J.»*  h  t 
of  lead  or  tin,  into  I  platinum  crucible.  If  reduc  on  slioudd  by 
any  means  occur,  these  metals  will  at  once  allor nenise  ves  wUU 
the  platinum,  and  the  vessel  will  be  destroyed  ^  plaUnnm 
crucible  must  never  be  put  naked  into  a  coke  or  charcoal  fire,  but 
always  placed  within  a  covered  earthen  crucible. 


PALLADIUM. 

Atomic  weight,  106-5 ;  symbol,  Pd. 
When  the  solution  of  crude  platinum,  from  which  the  greater^ 
of  that  metal  has  been  precipitated  by  sal-ammoniac  ^  lieu  a  ;  e 
by  sodium  carbonate,  and  mixed  with  a  solution  of ,iJJ» 
cyanide,  palladium  cyanide  separates  «  "^3^3* 
stance,  which,  on  being  washed,  dried,  and  heated  to  ra 
metallic  palladium  in  a  spongy  state.    The  pa  lad mm  may 
be  welded  into  a  mass,  in  the  same  manner  as  platinum, 

Palladium  closely  corresponds  with  platmum  in  ^  Jv 
appearance;  it  is  also  very  malleable  and  ductile.  Its  aenj 
JiS  very  much  from  that  of  platinum,  being  only  11  8.    1  aua 
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dium  is  more  oxidable  than  platinum.  When  heated  to  redness 
in  the  air,  especially  in  the  state  of  sponge,  it  acquires  a  blue  or 
purple  superficial  film  of  oxide,  which  is  again  reduced  at  a  white 
heat.  This  metal  is  slowly  attacked  by  nitric  acid;  its  best 
solvent  is  mtro-munatic  acid. 

Palladium,  like  platinum,  forms  two  classes  of  compounds  • 
namely,  the  palladious  compounds,  in  which  it  is  bivalent' 
and  the  palladic  compounds,  in  which  it  is  quadrivalent.  ' 

Chlorides. —The  dichloride,  or  Palladious  chloride,  Pd"Cl  is 
obtained  by  dissolving  the  metal  in  nitro-muriatic  acid,  and 
evaporating  the  solution  to  dryness.  It  is  a  dark-brown  mass 
which  dissolves  in  water  if  the  heat  has  not  been  too  great  and 
forms  double  salts  with  many  metallic  chlorides.  The  paUadio- 
chlondes  of  ammonium  and  potassium  are  much  more  soluble 
fellow  tinCt°ITeSP        g  Platinochlorides:  they  have  a  brownish- 

JhrtJT a?aoride>  °?  P"Madic.  cU°™^  Pcl-Cl4,  exists  only  in 
solution  and  i  a  combination  with  the  alkaline  chlorides  It  is 
tamed  when  the  dichloride  is  digested  in  nitro-muriatic  acid 
The  solution  has  an  intense  brown  colour,  and  is  decomposed  bv 
evaporation.  Mixed  with  potassium  chloride,  or  sal-amiomac  it 
E waSr?    "  T    Cr^stalline  P^cipitate,  which  is  but  little  sXble 

n^AfLLtDI0?1I10D^E' Pd"T2>  is  Precipitated  from  the  chloride  or 
mtote  by  soluble  iodides,  as  a  black  mass,  which  gives  off  i? 
odme  betweeu  300°  and  360°.    PaUadium-salts  are  emp Led  fo  • 

%LT^eltX£ of  iodine' cWorine  and  b™e  5 
£*C;/£5«d2  SfSSS 

S     TV,  'I  nitnC  rt?"    Jt  i8  bla°J  aud  «tto  SSeia 

onate  i  ffif I * £T  dark  if™  ^ 
strong  £t  ab°Ve  S0lf 10n-    rt  is  ^composed  by  a 

J}l5°xidlOV  Palladic  oxide>  *d"0,,  is  not  known  in  the  sena 
.ate  slate.    From  a  solution  of  palladic  chloride  aS  S 

pLk  t  vefo?  hnH  ^    combined  ™*h  the  alkali.    This  coin- 

at  a  hig?Ir  temneS  l*™  &£  <  mo1derate  heat>  and  the  ^ole 
is  obt-d m  'rl  ™  P* •    ^  Fr°,m  hot  8olutions  a  black  precipitate 

chloric  2  '  •yell0W  soIution«.    In  strong  hydro- 

2  aci        solves  without  decomposition,  forming  potassio- 

Vrochlori? ,  V      Mn"  h'"m  admised  Potash;  with  dilute 
J locniouc  acid,  on  the  contrary,  it  gives  off  chlorine. 

WSZr8^rr''''rr,,'-'-P,1''H'  is  formed  by  farfn*  the  metal 
sulphur,  or  by  precipitating  a  solution  of  a  pafladious  salt 
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with  hydrogen  sulphide.     It  is  insoluble  in  ammonium  sul- 
phide. 

Ammoniacal  Palladium  Comfounds.-A moderately  concen- 
trated solution  of  palladium  dichloride  treated  with  a  slight  excess 
of  ammonia  yields  a  heautiful  flesh-coloured  or  rose-coloured 
PrecSr— ting  of  N2H6Pd"Cl,    This  predate  dissolves 
Ei  a  £e  excess  of  ammonia ;  and  the  ammoniacal  solution,  when 
Seated  °with  acids,  yields  a  yellow  precipitate  having  the  same 
composition.    Thi   yellow  modification  is  likewise  obtained  by 
heX'  the  red  compound  in  the  moist  state  to  100°  or  m  the  dry 
BKteto  200°     The  yellow  compound  dissolves  abundantly  in 
aqueous  potash,  forming  a  yeUow  solution,  but  without  giving  off 
ammonia!  even  when  the  liquid  is  heated  to  the :  boding  -point ;  the 
Compound  behaves  in  a  similar  manner,  but,  before  dissolvmg 
is  carted  into  the  yellow  modification.    For  this  reason  Hugo 
Mtiller  regards  the  red  compound  as  palla  to  ammonw-chlorulc  - 
2NH  Pd^CL,   and   the  yellow  as  palladavivwnium   c  dorid,e 
*i  H  Pd'Cl      The  yellow  compound,  digested  with  water  and 
S  olide  yields  /a UadammoL™  okde^WO,  which  is  a 
T  soluble  in  water,  having  an  alkaline  taste  and  reac- 
tTl^h  orh^  "rbonic'acid  fro°m  the  air.  Palladammonnm 
3£  NgHBPd^08,  is  formed  by  the  action  of  sulphurous  acid 
on  the  oxide  or  chloride;  it  crystallises  in  orange-yellow  octo- 
hedions    The  mlphite,  chloride,  iodide,  and  h vmds,  have  likewise 

heThel2pound,  4NH3.Pd"Cl2,  or  arHmopalladamvwnium 

TN  H  Pd'^NH^JrCL,  separates  from  an  ammomacal  solution  ol 

IXUmoninS1  chloride  in  oblique  rhombic  prisms 

P  The  3  N,H12Pd"0,  obtained  by  decomposing  the  solution 

of  tMs  cSorideVifh  silver  oxide,  is  also  a  strong  base  yielding 

crystallisable  salts.* 

Palladious  salts  are  well  marked  by  the  pale  yellowish  white 
precipitate  which  they  form  with  solution  o  mercuric  c yamde. 
It  consists  of  palladious  cyanide,  Pd"Cy2,  and  is  converted  by  heat 

^TStfSi  potassiu »  iodide  throw  down  a ^lack 
cipitate  of  paUacUum  iodide,  visible  even  to  the  500,000th  degree 
of  dilution. 

Palladium  is  readily  alloyed  with  other  metals  as  copper;  one 
of  these  compounds^namky,  the  alloy  wrth 
applied  to  useful  purposes.    An  amalgam  of  palladium  is  n<n 
pUensively  used  by  dentists  for  stopping  teeth. 

A  native  alloy  of  gold  with  palladium  is  found  in  Brazil. 

«  Hugo  Muller,  Ann.  Ch.  Phann.  Ixxxvi.  341. 
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RHODIUM. 

Atomic  weight,  104-4;  symbol,  ilh. 
The  solution  from  which  platinum  and  palladium  have  been 
separated,  in  the  manner  already  described,  is  mixed  with  hydro 
chloric  acid  and  evaporated  to  dryness.    The  residue  is  treated 
with  alcohol,  of  specific  gravity  0-837,  which  dissolves  everything 
except  the  double  chloride  of  rhodium  and  sodium.    This  is  well 
washed  with  spirit,  dried,  heated  to  whiteness,  and  then  boiled 
with  water,  whereby  sodium  chloride  is  dissolved  out,  and  metallic 
rhodium  remains    Thus  obtained,  rhodium  is  a  white,  coherent 
spongy  mass,  still  less  fusible  and  less  capable  of  beino  welded 
than  platinum.    Its  specific  gravity  varies  from  10-6  to  11 
_  Rhodium  is  very  brittle  :  reduced  to  powder  and  heated  in  the 
air,  it  becomes  oxidised,  and  the  same  alteration  happens  to  a 
greater  extent  when  it  is  fused  with  nitrate  or  bisulphate  of  potas- 
sium.   None  of  the  acids  singly  or  conjoined,  dissolve  this  metal, 

K h  lQ  ^  th6-State  °f  aU°^'  as  with  Platinum,  in  which  state 
it  is  attacked  by  nitro-muriatic  acid. 

Rhodium  forms  but  one  chloride,  containing  RhCl, :  hence  it 

might  be  supposed  to  be  a  triad ;  but,  from  its  analogy  to  the  other 

platinum  metals,  it  is  generally  regarded  as  a  tetrad,  the  chloride 

just  mentioned  being  represented  by  the  formula  Rh2Cl0,  or^ 

douS.S10^6  j\prf.pared  ^  adcUng  8mcofiuoric  acid  to^he 
SSn  ?T  CVT  aVd- Potassium>  evaporating  the  filtered 

rt-^rf!-aild  dissolving  the  residue  in  water.  It  forms 
* !h-rTed.fle  t  mass,  soluble  in  water,  with  a  fine 

ihodhim  decomP°sed  by  heat  into  chlorine  and  metallic 

Rhodium  and  Potassium  Chlorides.— The  salt  Rh„Cl  BKH  fiTT  n 

SVso&ffln11*1011  f  P°taSSkT  Chl0ride>  Nibses  in  spar- 
Hh  n  4KH  |R0nS-ent  Vmm2;  ^n°ther  d0llble  salt>  containing 
a  Surf  of  S?'  ]S  he&^  in  a  stream  of  chlorine 

POteSum  riiSSS  Pa^l°  fi,n<'  7  P°wdered  Gallic  rhodium  and 
Xr  and  r    ^•Salt  h?\a  fine  red  colour>  is  so^  in 

SedK6;? NfC1^0'  « .^o  a  very  beautiful  red  salt, 

ob£     Si  i  The  Tmonium  mlt>  Rt2018.6NH!lC1.3H20 

«SS3SJTn  fi  T9?8,^  sodilun  8idfc  ™th  sal-ammoniac 
*  '" 1,1  nne  rhombohedral  prisms. 

,!i""i!i:A,RnC^THi;ouim  fonn8  r""r  ^ 

toSLT?*^  %0'  if  ^'0^3^1,•,l•  »M  incandescence,  when  the 
nyarated  sesquioxxde,  Rha08.3Ef20,  is  heated  in  a  platinum 
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crucible.    It  is  a  dark  grey  substance,  perfectly  iudiffereut  to 

"'The  sesquioxide  or  Bhodic  oxide,  Rh203  obtained  by  heating ,  the 
nitrate  is  a  «*rey  porous  mass,  with  metallic  iridescence ;  insoluble 
S  acid^  easdy  reduced  by  hydrogen.  It  forms  two  hydrates : 
Rh  0  3k!o  Z  RhH303,  obtained  by  precipitating  a  solution  of 
iodium ^nd  sodium  chloride  with  potash  m  presence  of  alcohol, 
andXS  5H20  or  RhH30,H20,  formed  by  precipitatmg  the 

BThe",XoToE  by  fusing  pulverised  rhodium  or 
the  sesqSde  with  nitre  and  potash,  and  digesting  the  fused 
mass  with  nitric  acid,  to  dissolve  out  the  potash,  is  a  dark  brown 
Sstance  insoluble  in  acids.  When  chlorine  is  passed  into  a 
sot^ 

tinous  precipitate  of  the  trihydrate,  Rh203.3H2O,  ib  ioimed.  at 
first  bu  th  is  compound  gradually  loses  its  gelatinous  consistence 
become  lighter  in  colour,  and  is  finally  converted  into  a  green 
bySe  of  the  dioxide,  Rh02.2H20.    The  alkaline  solution  at  the 


Jme  time  acquires  a  deep  violet-blue  colour. 
"ifS  RhO,.-The bine  alkaline  solution  above  mentioned, 
deposits  attei  a  while,  a  blue  powder,  becoming  green  when  dry 
and  yielding,  when  treated  with  nitric  acid,  a  blue  flocculent 
substance,  consisting  of  the  trioxide,  easdy  reduced  to  the  di- 


oxide. 


Rhopic  Sulphate,  Rh2(S04),12H20  formed  Jj^^W^ 
sulphide  with  nitric  acid,  is  a  yellowish-white  crystalline mass. 
plssio-rhodic  sulphate,  RhK3(S04)3,  is  "f^^fcjgSS 
powder,  formed  by  adding  sulphuric  acid  to  a  solution  of  rhodium 
and  potassium  chloride. 

Ammoniacal  Rhodium  Compounds. -An  amnwnio-chlond^ 
10N™h2Clc,  or  [N^Rli^NH^Cl,  is  obtained  as ayelUm 
crystalline  powder  on  mixing  a  dilute  solutiou  of  «gJ"J 
mLium  chloride  with  excess  of  ammonia,  and  leaving  the  filteied 
solution  to  evaporate.  The  corresponding  oxide ,10NH3.Rb2U^ 
obtained  by  heating  the  chloride  with  silver  oxide,  u  a  strong 
base,  from  which  the  sulphate  and  oxalate  may  be  obtained  m 
crystalline  form. 

Rhodic  salts  are,  for  the  most  part,  rose-coloured,  and  exhibit, 
in  solution,  the  following  reactions :  with  hydrogen  sidvh^,  ana 
ommwrmm  sulphide,  a  brown  precipitate  of  rhodic  sidphide ^  in 
soluble  in  excess  of  ammonium  sulphide;  with  soluble 
Tpale  vellow  precipitate,  affording  a  characteristic  reaction ;  w» 
Jash.  a  yellow  precipitate  of  rhodic  oxide,  soluble  m  excess, 
^TamJonia,  and  with  alkaline  carbonates,  a  yeUow  preciP 
X  a  while.    No  precipitate  with  alkaline  chlorides  or  mercuric 
cyanide.    Zmc'  precipitates  metallic  rhodium. 
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An  alloy  of  steel  with  a  small  onan+ihr  nf  ,.v,  v 
possess  extremely  valuable  p^perff     7  °f  rhodluin  18  Said  to 


IRIDIUM. 

Atomic  weight,  198;  symbol,  Ir. 


alloy  of  mdium  and  osmium  miwi  „™  .L^e  acm.  tins  is  a  native 
is  reduced  to  voZerSS'^L  W^,OT  ^smme;  it 
chloride,  and  LaS  toTct^ t  .  ZfhT^f  °f  ^  ^ 

stream  of  moist  chlorine  gas  rJLinsniifted  ^fat^  WMch  a 
of  the  tube  is  connected  -with  I ? «  •  '  The  further  extremity 
ammonia.  The  binder  tW  f1'  containing  solution  of 

indium  caiSLi^S^dST^0^  absorbed> 

remains  in  combSHSr J h  ?  g  P™duced:  the  former 
being  a  volatiE  ub tanc T  s  carrierl  ^  C?°ride^ latter, 
where  it  is  decomposed  Z  thl w  mto  the  receiver 

acids,  which  cXU  t  SS^T10  rd  ^chloric 
when  cold  are  treated  witl^ water  bv ^riri^-^  tube 
sodium  chloride  is  dissolved  ™,  .A  -  J-  ™,  the  ™Uum  and 

ignited  in  a  crucible  boiled  win,  „  T  ■y1De,ss;  ,  irje  residue  is 
of  a  mixture  of  ferkc  '       ?ed '  *  then  consi^ 

with  soda:  it  is  reS  Id  hl\  T  combination  of  iridium  oxide 
Seated  succe Lively  S  Ste?t°f  *♦  *  *  W  temP™^,  and 
which  the  alkali  She  iron  ~  °?  ^°chforic  acid,  by 
»  left  in  a  finely  divided  state  TVri^  WhUe  metallic 
to  a  white  heat  a cerSX  Sf  7  Str0n8  P^sure  and  exposure 
•W  to  the  metal  *      D   ^  °l  comPactness  may  be  conmiuni! 

b£f  S  oxy-hSo^^     ^le  with  great  difficulty 
of  their ■pSul  ovv  hv"iPlpe-   i?67?8  and  Debray,  by 
S°mpletely  into  ^  '    °^&0S^  Wast  furnace,  have  fused  it 

b¥e     the   old"  C  wStTl',reT',,,,lm-  P"^'11"1 

a  density  equal  to  tbTS JiT Ueable.at  a  red  heat,  and  having 

!'";  I'"1-'"'-      ■    lv    PL,hm;;,1'v'^  21-15.  Bymoistenfof 

first  betwTenfilSna  ,        l^*7  of  *att*>  P*™g  S 
»       .  .  Cilue  paper,  then  very  Forcibly  i  n  a  press, 

So7?8^  l-'athu".,,  ruthenium,  and 

°t  r'  ;\'"'v"  Scribed.  TnPe  1  QOt  ^ctuaUy  separated  by  the 
■  '.,1      I ' ' •' 1 1. 1 1 1 u rt i  ,,,,„    lm    V  '  te  separation  of  the  several  metals 

fto*HinT8stf8™oS  into  1:     ,y"i"'S-  "n 1  the  »"h  '•  of  -v-m! 

im  "',""r'  (See  VV-,  I  "  ;  '";  '"""s  of  «"*  work  will  not  permit 
'■  101,  124.)  WattS8  Dictionary  of  Chemistry,  iii.  35;  iv.  21.  030- 
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and  calcining  it  at  a  white  heat  in  a  forge-fire  it  may  be  obtained 
in  the  form  of  a  compact,  very  hard  mass,  capable  of  taking  a  good 
polish,  but  still  very  porous,  and  of  a  density  not  exceeding  16-0. 
After  strong  ignition  it  is  insoluble  in  all  acids,  but  when  reduced 
bv  hydrogen  at  low  temperatures,  it  oxidises  slowly  at  a  red  heat, 
and  dissolves  in  nitro-muriatic  acid.  It  is  usually  rendered  soluble 
bv  fusing  it  with  nitre  and  caustic  potash,  or  by  mixing  it  with 
common  salt,  or  better,  with  a  mixture  of  the  chlorides  of  potas- 
sium and  sodium,  and  igniting  it  in  a  cm-rent  of  chlorine,  as  above 

iridium  forms  three  series  of  compounds,  namely,  the  hypoiri- 
dious  compounds,  in  which  it  is  bivalent,  as  1YC12,  IrO;  the 
iridious  compounds,  in  which  it  is  quadrivalent,  but  apparently 

IrC13  ,    ■  vu 

trivalent,  e.g.,  Ir2Cl6  =  |      ,  and  the  iridic  compounds,  m  which 

IrCl 

it  is  also  quadrivalent,  as  in  IrCl4,  Ir02,  &c  It  appears  to  be 
incapable  of  uniting  with  more  than  four  atoms  of  a  monad  element, 
and  is  therefore  regarded  as  a  tetrad*  It  forms  also  a  trioxide, 
IrO   in  which  it  is  apparently  sexvalent,  but  this  oxide  may  be 

represented  by  the  formula  0=lr<^  ,  in  which  the  metal  appears 

also  to  be  quadrivalent. 

Chlorides.— Iridium  appears  to  form  three  chlorides,  but  only 
two  of  them— namely,  the  trichloride  and  tetrachloride— have 
been  obtained  in  definite  form. 

The  dichloricle,  Ir"Cl2,  is  not  known  m  the  separate  state,  but 
appears  to  exist  in  certain  double  salts,  called  hypochlorite 

cttt&s  1 

The  trichloride  or  Iridious  chloride,  Ir2Cl6,  is  prepared  by  strong  y 
heating  iridium  with  nitre,  adding  water  and  enough  mtric  acid  to 
saturate  the  alkali,  warming  the  mixture,  and  then  dissolving  th| 
precipitated  hydrate  of  the  sesquioxide  in  hydrochloric  acid ;  it 
forms  a  dark  yellowish-brown  solution.  This  substance  combines 
with  other  metallic  chlorides,  forming  compounds  railed  mdoso- 
Morides  or  chloriridites,  which  may  be  prepared  by  reducing  tee 
corresponding  chloriridiates  with  sulphurous  acid,  hydrogen  sul- 
phide, or  potassium  ferrocyanide.  Glaus  has  obtained  the  coin- 
pounds  Ir;Cl6.6NH4C1.6H20,  Ir2Cl6 .  6KC1  6H20,  and  Ir.CLj 
6NaCl .  24H20.    They  are  olive-green  pulverulent  salts,  soluble  in 

WaThe  tetrachloride,  or  Iridic  chloride,  IrCl4,  is  obtained  in  solution 
by  dissolving  very  finely  divided  iridium,  or  one  of  its  oxides,  oi 
*  A  bexchloride,  IrCl„,  was  said  by  Berzelius  to  be  obtained  in cojjj; 
tion  with  potassium  chloride  by  fusing  iridosmine  with  nitre  ;  but  aceow 
in°  to  Glaus,  the  salt  thus  formed  was  really  a  ruthenium  ^  1 
Laving  been  prepared  by  Berzelius  from  iridosmine  containing  ruthenium. 
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the  trichloride,  m  nitromuriatic  acid,  and  heating  the  liquid  to 
the  hoiling-point.  On  evaporating  the  solution,  it  remains  in  the 
form  of  a  black,  deliquescent,  amorphous  mass,  translucent  with 
<  lark-red  colour  at  the  edges ;  soluble,  with  reddish-yellow  colour 
in  water.  It  unites  with  alkaline  chlorides,  forming  compounds 
called  iridiochlorides  or  chloriridiates,  analogous  in  composition  to 
the  chloroplatinates.  The  ammonium  salt,  IrCl4.2NH,CI  HO 
and  the  potassium  salt,  IrCl4.2KCl,  are  formed,  as  dark-brown 
crystalline  precipitates,  on  mixing  the  solutions  of  the  component 
chlorides.  The  potassium  salt  may  also  be  prepared  by  passing 
chlorine  over  a  gently  ignited  and  finely  divided  mixture  of  iridiuni 
with  potassium  chloride.  It  is  soluble  in  boiling  water,  and  crys- 
;<f  n?  bl^ck  °ctohedrons,  yielding  a  red  powder.  The  sodium 
salt., ,  lrLl4.2i\aU.6H20,  prepared  like  the  potassium  salt,  forms 
easily  soluble  black  tables  and  prisms,  isomorphous  with  the 
corresponding  platinum  salt. 

Iodides.— Iridium  forms  three  iodides,  Irl„,  Ir9L,  and  IrL 
analogous  to  the  chlorides,  and  yielding  similar  double  salts  with 
the  iodides  of  the  alkali-metals* 

Oxides.— Iridium  forms  four  oxides,  IrO,  lr203,  Ir02,  and  IrO,. 
the  monoxide,  or  hypoiridious  oxide,  IrO,  is  but  little  known  It 
is  obtained  by  precipitating  an  alkaline  hypochlorite  with 
caustic  alkali  m  an  atmosphere  of  carbon  dioxide;  but  on  exposure 
to  the  air,  it  is  quickly  converted  into  a  higher  oxide. 

The  sesquioxide,  or  Iridions  oxide,  lr203,  was  formerly  regarded 
as  the  most  easily  formed  and  most  stable  of  the  oxides  of  iridium  • 
but,  accorcbng  to  Glaus,  it  has  a  great  tendency  to  take  up  oxv^en 
and  pass  to  the  state  of  dioxide.  It  may  be  prepared  by  gently 
igniting  a  mixture  of  potassium  chloriridite  (Ir2CL.6KCl)  with 
sodium  carbonate  in  an  atmosphere  of  carbon  dioxide ;  on  treating 
the  product  with  water,  the  sesquioxide  remains  in  the  form  of  a 
black  powder  insoluble  in  acids.  It  forms  two  hydrates,  Ir203.3H,0, 
5n  W&H»a  .  Xt  ,lmites  with  bases,  forming  salts  which  may  be 
«Ued  mdites.  A  solution  of  a  chloriridite  in  excess  of  lime-water 
^Posits,  after  standing  for  some  time  out  of  contact  of  air,  a  dirty 
yellow  precipitate  containing  3CaO.Ir203 

he  dioxide  or  Iridic  oxide,  Ir02,  is,  according  to  Clans,  the  most 
easily  prepared  and  most  stable  of  all  the  oxides  of  iridium,  and  is 
always 'deposited  m  the.  form  of  a,  bulky,  indigo-coloured  hydrate, 
pii,.),  when  a  solution  of  either  of  the  chlorides  of  iridium 
or  their  double  salts  is  boiled  with  an  alkali ;  but  it  always  retains 
•  or  I  per  cent  of  the  alkali.  The  hydrate  may  also  be  obtained 
g .  ^solving  the  hydrated  sesquioxide  in  potash  and  treating  the 
w  ]  i  ,a?  acul-  u  dissolves  in  acids,  forming  solutions 
are  dark-brown  when  concentrated,  reddish-yeflow  when 

*  Offler,  Ueber  die  lodverbindunrjen  des  Iridiums.    GUttingen,  1857. 
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of  acid  permdiate  *  mptnls  shows  but  little  ten- 

Iridium,  like  the  »^j\B^n^^<><>  no 

^feltiet^  fSjn*^  neithe, 

are  doable  salts,  coutaiumg  ™*  's^T  ob  aSed  as  a 

ffl  aoSrofS^XT^pSd  to  a  small 

bUqmPHTDES -Three  sulphides  of  iridium  are  ImoAvn  analogous 
bULPHiDES.    i-mec 0   l  ,  sesqu%sulvhuh  and 

"Tmmoniacal  Compounds  oF  rBiDim,-The  — 

N2H6Ir"Cl2  and  NiP^«^g^2S  JSL-  corn- 
the  corresponding  sulphates,  aie  piepaieu  i  t  rp~em\Ae  in 

pounds  of  analogous  composition,  wWthey  0* J 
their  properties.  The  mtratocUowk ,  W( ff^J^ 
analogous  toGr^  Jff^g^  "Jffi&SS&U* 
chloride,  N2H8lrOi2,  witn  strong  nvprinitate  hy  treat- 

chloricle  (N4H12Ii-)Cl4,  is  obtained  ?f  »  violet  piecgtat  by 
ine  the  nitrate  just  mentioned  with  M™c^°"«  ^ \  r  c,  t0 
°The  compound,  10NH3.Ir2C  6,  or  [N3H7Ir  (x>  H^]  ^  i 
Which  there  is  no  analogue  in  the  platinum  m. 
a  flesh-coloured  crystalline  powder  by  Ponged  digestion  o  l  am 
moniumchloiiridite  with  warm  aqueous  «^^JThe«»ms 
pondbig  carbonate,  nitrate,  andsulplate  haye  also  been  prepared.? 

Iridic  solutions  (containing  the  dioxide  or  ««J^>2jJ 
a  dSk  Diown-xed  colour ;  iriuious  solutions  (^^S^jS 
oxide  oi  trichloride)  have  an  oliye  green-colour.    The  characters 

-  Clans,  Ann.  Ch.  Pharm.  lix.  249. 

t  l^l^^k^S£^    ^  1854- 
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an  iridic  solution  are  best  observed  with  sodium  chloriridiate  all 
the  other  iridic  compounds  being  but  slightly  soluble. 

Iridic  solutions  give  with  ammonium  or  potassium  chloride  a 
crystalline  precipitate  of  ammonium  or  potassium  chloriridiate 
which  is  distinguished  from  the  corresponding  platinum  precipitate 
by  its  dark  brown-red  colour,  and  further  by  its  reduction  to 
soluble  chloriridite  when  treated  with  solution  of  hydrogen  sul- 
phide. This  reaction  serves  for  the  separation  of  iridium  from 
platinum. 


RUTHENIUM. 

Atomic  weight,  104-4;  symbol,  Ru. 

This  metal,_  discovered  by  Glaus,  in  1846,  occurs  in  platinum  ore 
and  chiefly  m  osmiricliuni,  of  which  there  are  two  varieties— one 
scaly,  consisting  almost  wholly  of  osmium,  iridium,  and  ruthenium 
while  the  other,  which  is  granular,  contains  but  mere  traces  of 
osmium  and  ruthenium,  but  is  very  rich  in  iridium  and  rhodium 
io  obtam  ruthenium,  scaly  osmiridium  is  heated  to  bright  redness 
in  a  porcelain  tube,  through  which  a  current  of  air  (freed  from 
carbonic  acid  by  passing  through  potash,  and  from  organic  matter 
by  passing  through  oil  of  vitriol),  is  drawn  by  means  of  an  aspira- 
tor, i  he  osmium  and  ruthenium  are  thereby  oxidised,  the  former 
being  carried  forward  as  tetroxide  and  condensed  in  caustic  potash 
solution,  while  the  ruthenium  oxide  remains  behind,  together  with 
muium ;  and  by  fusing  this  residue  with  potassium  hydrate, 
gating  the  mass  with  water,  and  leaving  the  liquid  in  a  corked 
Dottle  lor  about  two_  hours  to  clarify,  an  orange-coloured  solution 
« potassium  rutheniate  is  obtained,  which,  when  neutralised  with 

ThZ  f  >'  d?I*™ts1velv1et~bIack  Senium  sesquioxide,  and  this, 
when  washed,  dried,  and  ignited  in  hydrogen,  yields  the  metal. 

n ut hemum  thus  prepared,  forms  porous  lumps  very  much  like 
n  '  7  moc)erately  e^y  to  pulverise.  It  is  the  most  re- 
hou    ;V  f     f1^8  eX,Ce?t  osmium-    Deville  and  Debray  have, 

Ksgi?aHs  8-6  m  *      "  ,le"Mity  °f  11-45  that  °f  tiie 

ll0!;!.v!!':,,i"1"  is  s:;ur"1>-  attacked  by  nitromuriatic  acid.  It  is, 
VV  V;, r'-!''-',asiIv;  ,IX"I,S(''1  1,111,1  Platinum,  or  even  than  silver, 
still   ,  !'i  6aSlly  ?^ed  by  fusion  with  potassiummydrate, 

;  eamly  on  addition  of  a  small  quantity  of  nitrate  or 

win,  o ';'      T,1''"  P°tassium  rutheniate,  which  dissolves  in  wain 
,Tri  orange-yellow  colour. 

mehk'T'i""?'  ~R",t,l,'llil""  '«  a  tetrad,  like  the  other  platinum 
netals,  and ?  forms three  chlorides,  RuCl^  Ru2016,  and  li„('l, 
]iy  |;  .  RuCl2,  is  produced,  together  with  the  trichforide, 

°"UU1K  pulverised  ruthenium  in  a  stream  of  chlorine,  the  tri- 
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chloride  then  volatilising,  while  the  dichloride  *gj 
of  a  hlack  crystalline  powder,  insoluble  m  water  and  rn  all aads 
even  nitro-nmriatic  acid,  and  only  partially  de composed  by aLkaM 
A  soluble  dichloride  is  formed  by  passing  fl^g  ^° 
a  solution  of  the  trichloride,  a  brown  sulphide  being  then  pre- 
pi-nitated  and  the  solution  acquiring  a  fine  blue  colour. 

or  RuiheniL  chloride,^,  p renarecT by  ^ 
ciuitatin-  a  solution  of  potassic  rutheiuate  with  an  acid,  dissolving 
?ie  Sited  black  oxide  in  hydrochloric  acid,  and  evaporating, 
raTeUow-brown,  crystalline,  very  deliquescent  -ass  l^onung 
iHrk-°reen  and  blue  at  certain  points  when  strongly  heated.  It 
Solves  easily  in  water  and  in  'alcohol,  leaving  a  small  quantity 

°^lfZ^S£^  of  ruthenious  chloride,  niixedwitii 

concentrated  solutions  of  the  £^  *  ^^^^ 
nium  vields  the  double  salts,  Ru2Cl6.4kCl  and  Ru2Cl6.4^  H4U 
£  the  form  of  crystalline  precipitates,  with  violet  iridescence,  verj 
qlio-htlv  soluble  in  water,  insoluble  m  alcohol.  . 
^jKLi*  or  Ruthenic  chloride,  RuCl,  is  known  only  m 
its  double  salts.    The  potassium  salt,  RuCl4.2KU,  is  pieparea  oy 
mlSg  a  solution  of  ruthenic  hydrate  m  hydrochloric  acid  with 
potassium  chloride,  and  evaporating  to  the  crystaUi  sing ] omt  It 
is  brown,  with  rose-coloured  iridescence,  very  so  uble  m  ^ate 
but  insoluble  in  alcohol.    The  ammonium  salt,  EuC14-2iW^' 
prepared  like  the  potassium  salt,  which  it  resembles  closely. 

Oxides.— Ruthenium  forms  five  oxides,  viz  RuO,  Ru203,  Ru02, 
R11O3,  and  Ru04,  the  fourth,  however,  being  known  only  m  com- 

^T^monoxide,  RuO,  obtained  by  calcining  the  dichloride :  whk 
Bodium  carbonate  in  a  current  of  carbon  dioxide,  and  washing  the 
residue  with  water,  has  a  dark-grey  colour  and  m etaUic  lustoe_ ,V 
not  acted  upon  by  acids;  but  is  reduced  by  hydrogen  at  ordn  an 
temperatures.— The  sesquioxide,  or  Ruthenious  oxide  Ku2U3,  isj 
bluish-black  powder,  formed  by  heating  the  metal  m  theam 
The  corresponding  hydrate,  Ru203.3H20  or  RuHs03,  1 c toto 
^precipitating  ruthenious  chloride  with  an  alkahne  caibo  U, 
as  a  blackish-brown  substance  which  dissolves  with  yellow  colouj 
in  acids.-The  dioxide,  or  Ruthemc  oxide,  RuO*  is  a 
powder,  obtained  by  roasting  the  disulphide.    Ruthenic  HydraM, 
&.2.2H.,0  or  Ru''HA,  is  obtained  as  a  gelatinous  prec  prtatt 
by  decomposing  potassium  chlororutheniate  with,  sodium  carbon 
a4  -The  triomde,  Ru03,  commonly  called  ruthemc  acid,  is  kn  own 
oniy  as  a  potassium  salt  'which  is  obtained  by  igniting  ruthe 
S  caustic  potash  and  nitre  :  it  forms  an  orange-yellow  solution 
She  MrwAh,  Ru04,  is  a  volatile  compound ,  analogy t ojg 
teh-oxide  obtained  by  heating  ruthenium  with  potash  and  im 
ifa Sver crucible,  dissolving  the  fused  mass  in  water,  and  passnig 
chlorine  through  tne  solution  in  a  tubulated  retort,  connected  b3 
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a  condensing  tube  with  a  receiver  containing  potash.  The  tetrox- 
ide  then  passes  over  and  condenses  in  the  neck  of  the  retort  and 
in  the  tube,  as  a  golden-yellow  crystalline  crust,  which  melts 
between  50°  and  60°.  It  is  heavier  than  oil  of  vitriol,  dissolves 
slightly  in  water,  readily  in  hydrochloric  acid,  forming  a  solution 
easily  decomposed  by  alcohol,  sulphurous  acid,  and  other  reducing 
agents. 

_  Sulphides.  —  Hydrogen  sulphide,  passed  into  a  solution  of 
either  of  the  chlorides  of  ruthenium,  usually  forms  a  precipitate 
consistmg  of  ruthenium  sulphide  and  oxysulphide  mixed  with 
iree  sulphur.  The  blue  solution  of  the  dichloride  yields  a  dark- 
brown  sesqmsulphide,  Ru2S3.  Wlien  hydrogen  sulphide  is  passed 
lor  a  long  time  into  a  solution  of  the  trichloride,  ruthenium  disul- 
phide,  RuS2,  is  formed,  as  a  brown-yellow  precipitate,  becoming 
dark-brown  by  calcination. 

Ammoniacal  Ruthenium  Compounds.— Tetrammonio-himoruthe- 
mous  Chloride  4NH3.RuCl2.3H20  or  [N,H4Ru"(NH4).JCl2.3H20, 
%  rToxTi?  ™  g  the  solution  of  ammonium  chlororutheniate 
(KuU4.2NH4Gl)  with  ammonia.  It  forms  golden-yellow  oblique 
rhombic  crystals,  very  soluble  in  water,  insoluble  in  alcohol, 
ivru  p  ^th.?nver  oxide>  it  yields  the  corresponding  oxide, 
4i\  Hp.RuO,  which,  however,  is  decomposed  by  evaporation  of  its 
ovru10£'  %vmS  off  half  its  ammonia,  and  leaving  the  compound 
2NH3.RuO,  or  (N2H6Ru")0.  The  carbonate,  nitrate,  and  sulphate, 
obtained  by  treating  this  last-mentioned  oxide  with  the  corres- 
ponding silver  salts,  form  yellow  crystals. 

The  compounds  of  ruthenium  may  readily  be  distinguished  from 
moae  ot  the  other  platinum-metals,  by  fusing  a  few  milligrams 
htvin  SUfbftance,  in  a  Platinum  spoon,  with  a  large  excess  of  nitre, 
wving  it  to  cool  when  it  ceases  to  froth,  and  dissolving  the  cooled 
■  -  m  a  1.  tie  distilled  water.    An  orange-yellow  solution  of 
"sl,lr"  ratheniate  is  thus  formed,  which  on  addition  of  a  drop 
5,  in''  i    i ltn°  ac.,fl>  yielfls  a  bulky,  black  precipitate;  and  on 
aua.ng  hydrochloric  acid  to  the  liquid,  with  the  precipitate  still 
hvmC     h.eat?ng  it  in  a  porcelain  crucible,  the  oxide  dissolves, 
™ng a  solution  which  has  a  fine  orange-yellow  when  concen- 
2  'IT  ,      "  ,ifeated  ^hydrogen  sulphide,  till  it  becomes 
('£ ,'  w;k'  y,,;ll!s  a  titrate  of  a  splendid  sky-blue  colour. 
<•«„',„',/      i      rea,ctlons  •'•••<•  also  obtained  with  potassium  sulpho- 
Sn  >  7h,lch.£lpur8  the  liquid  ,1,,,,  red,  changing  to  violet  on 
'"    WIth  lead  acetate,  which  forms  a  purple-red  precipitate. 
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OSMIUM. 

Atomic  weight,  199-2;  symbol,  Or. 
The  separation  of  this  metal  from  iridium,  ruthenium,  and  the 
other  metals  with  which  it  is  associated  in  native  osmmdium,  and 
in  platinum  residues,  depends  chiefly  on  its  ready  oxidation  with 
nitric  or  nitromuriatic  acid,  or  by  ignition  m  air  or  oxygen,  and 
the  volatility  of  the  oxide  thus  produced 

To  prepare  metallic  osmium,  the  solution  obtained  by  con- 
densing the  vapour  of  osmium  tetroxide  in  potash  (p.  43/)  is 
mixed  with  excess  of  hydrochloric  acid,  and  digested  with  mercury 
in  a  well-closed  bottle  at  40°.  The  osmium  is  then  reduced  by 
the  mercury,  and  an  amalgam  is  formed,  which  when  distilled  in 
a  stream  of  hydrogen  till  all  the  mercury  and  calomel  are  expelled, 
leaves  metallic  osmium  in  the  form  of  a  black  powder  (Berzelms). 
The  metal  may  also  be  obtained  by  igniting  ammonium  chloro- 
osmite  with  sal-ammoniac. 

The  properties  of  osmium  vary  accordmg  to  its  mode  ot  prepara- 
tion In  the  pulverulent  state  it  is  black,  destitute  of  metallic 
lustre,  which,  however,  it  acquires  by  bmnishing ;  m  the  compact 
state,  as  obtained  by  Berzelius's  method  above  described  it  ex- 
hibits metallic  lustre,  and  has  a  density  of  10.  ,  Deville  and  Debray, 
by  igniting  precipitated  osmium  sulphide  in  a  crucible  ol  gas- 
coke?  at  the  melting  heat  of  nickel,  obtained  it  in ^bluish-black 
easily  divisible  lumps.  When  heated  to  the  melting-pomt  of 
rhodium,  it  becomes  more  compact,  and  acquires  a  density  ot  11  dtq 
21  -4.  At  a  still  higher  temperature,  capable  of  melting  nitnenium 
and  iridium,  and  volatilising  platinum,  osmium  likewise  vola- 
tilises, but  still  does  not  melt ;  in  fact,  it  is  the  most  refractory  ot 

aU(Wim  in  the  finely  divided  state  is  highly  combustible,  con- 
tinuing to  bum  when  set  on  fire,  till  it  is  all  volatilised  as 
tetroxide.  In  this  state  also  it  is  easily  oxidised  by  nitric  or  mt  o- 
muriatic  acid,  being  converted  into  tetroxide.  But  after  exposme 
to  a  red  heat,  it  becomes  less  combustible,  and  is  not  oxidised  DJ 
nitric  or  nitromuriatic  acid.  Osmium  which  has  been  heated  to 
the  melting-pomt  of  rhodium,  does  not  give  off  any  vapom  w 
tetroxide  when  heated  in  the  air  to  the  melting-pomt  ot  zinc,  mi 
takes  fire  at  higher  temperatures. 

Osmium  Chlorides.— Osmium  forms  three  chlorides,  analogous 
to  those  of  iridium  and  ruthenium.  When  it  is  heated  in  ory 
chlorine  gas,  there  is  formed,  first  a  blue-black  sublimate  ot  me 
dichloride,  then  a  red  sublimate  of  the  tetrachloride.  ids 
di  chloride,  or  Kimo-osmioius  chloride,  dissolves  m  water  witn  aar* 
SoleSlue  colour-.  It  is  likewise  formed  by  the  action  of  redumng 
Tents  on  either  of  the  higher  chlorides,  into  which  on  the  other 
hand  it  is  easily  converted  by  oxidation.    The  addition  of  potJK 
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shun  chloride  renders  it  more  stable,  by  forming  a  doable  salt 
The  trichloride,  Os2Cl0,  has  not  been  isolated,  but  is  contained  in 
the  solution  obtained  by  treating  the  sesquioxide  with  hydrochloric 
acid.  It  forma  double  salts  with  alkaline  chlorides.  The  potas- 
sium salt,  Os,Cl0.6KC1.6H2O,  is  produced,  together  with  potassium 
clilorosmate,  when  a  mixture  of  pulverised  osmium  and  potassium 
chloride  is  ignited  in  chlorine  gas;  it  forms  dark  red-brown 
crystals. 

The  tetrachloride,  or  Osmic  chloride,  OsCl4,  is  the  red  compound 
which  constitutes  the  principal  part  of  the  product  obtained  bv 
igniting  osmium  in  chlorine  gas.  It  dissolves  with  yellow  colour 
in  water  and  alcohol,  and  is  decomposed  quickly  in  dilute  solu- 
tion, more  slowly  in  presence  of  hydrochloric  acid  or  metallic 
chlorides,  yielding  a  black  precipitate  of  osmic  oxide,  and  a  solu- 
tion ot  osmium  tetroxide  in  hydrochloric  acid. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkali-metals 
iornung  salts  sometimes  called  osmiochlorides,  or  chloros- 
mates._  From  the  solutions  of  these  salts,  hydrogen  sulphide  and 
ammonium  sulphide  slowly  precipitate  a  yellow-brown  sulphide 
insoluble  in  alkaline  sulphides ;  silver  nitrate  forms  an  olive- 
green;  stannous  chloride,  a  brown  precipitate.  Tannic  acid,  on 
1!  g'  P7roduces  a  Dl«e  colour,  but  no  precipitate;  potassium 
ferrocyamde  first  a  green,  then  a  blue  colour;  potassium  iodide, 
a  deep  purple-red  colour.  Potash  gives  a  black,  ammonia  a  brown 
precipitate,  slowly  in  the  cold,  immediately  on  boiling.  Metallic 
*  and  sodium  formate  throw  down  metallic  osmium 

bodmn  osmiochloride  OsCl4.2NaCl,  prepared  by  heating  a  mix- 
ture of  osmium  sulphide  and  sodium  chloride  in  a  current  of 
,  I?6'- in  oraDge-coloured  rhombic  prisms,  an  inch 

ZLZfl  S°  ,UblVn  Wf 6r'  and  ™  alcohoL  The  Potassium  and 
!"  !  S'  °f  anal°g°us  composition,  are  obtained  as  red- 
1.  S T ti^n7i:eclPltat  f  on  adding  sal-ammoniac  or  potassium 

cnionde  to  the  solution  of  the  sodium  salt. 

nimnID  Tr°SmilU^  fonns  five  oxides  anal°gous  to  those  of  ruthe- 
brritL  i  mon™ule  0T  hpo-osmious  oxide,  OsO,  is  obtained  by 
CfeiTr,  sulptite  ma  stream  of  carbonic  acid  gas; 
Sash  1h  ck  hyflrate'by  gating  the  same  salt  with  strong 
S'SO  2  n  n^nn  ■*  t°8^  vesseL  Sypo-osmions  sulphite, 
aqueous  £f 'S  8  18  ?  black"^  salt,  produced  by  mixing  the 
mSi  °n  -f  oamiT  tetroxide  with  sulpiiurous  acid.-The 
of  ;;;r""»*^  OsO    i8  obtained  by  beating  either 

stream    ,       salts  oi  the  trichloride  with  sodium  carbonate  m  a 
-  m  ot  carbonic  acid  gas.    It  is  a  Mark  ,„,wder,  insoluble  in 
;     he  hydrate  obtained  by  precipitation,  has  a  dirty  browu- 
T  '  '•'  ,s;soI,,,,lc  m acids,  but  does  not  yield  pure  sails. 
tolrM.  '  v  f{smic  oxide>  OsO„  is  obtained  as  a  black  in- 

cirbonni  "V-     '   V  ,,wlt'in«  P°<assium  osmiochloride  with  sodium 
uate  m  a  stream  of  carbonic  acid  gas,  or  in  copper-red 
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metallic-shining  lumps,  by  heating  the  corresponding  hydrate. 
Osmic  hydrate,  OsO,.2H20,  is  obtained  by  precipitating  a  solution 
of  potassium  osmiochloride  with  potash,  at  the  boiling  heat,  or  in 
greater  purity  by  mixing  a  solution  of  potassic  osmite,'K2O.Os03, 
with  dilute  nitric  acid. 

The  trioxide,  Os03,  is  not  known  in  the  free  state,  but  combines 
with  alkalis,  forming  salts  called  o smites,  which  are  produced 
by  the  action  of  reducing  agents  on  the  tetroxide  in  presence  of 
alkalis.  The  potassium  salt,  K2O.Os03.2H20,  is  a  rose-coloured 
crystalline  powder. 

The  tetroxide,  Os04,  commonly  called  osmic  acid,  is  the  volatile, 
strong-smelling  compound,  formed  when  osmium  or  either  of  its 
lower  oxides  is  heated  in  the  air,  or  treated  with  nitric  or  nitro- 
muriatic  acid.  It  may  be  prepared  by  heating  osmium  m  a 
current  of  oxygen  gas,  and  condenses  in  the  cool  part  of  the  ap- 
paratus in  colourless,  transparent  crystals.  It  melts  below  100°, 
and  boils  at  a  temperature  a  little  above  its  melting  point.  Its 
vapour  has  an  intolerably  pungent  odour,  attacks  the  eyes 
strongly  and  painfully,  and  is  excessively  poisonous.  Osmium 
tetroxide  is  dissolved  slowly,  but  in  considerable  quantity  by 
water,  forming  an  acid  solution.  It  is  a  powerful  oxidising  agent, 
decolorising  indigo-solution,  separating  iodine  from  potassium 
iodide,  converting  alcohol  into  aldehyde  and  acetic  acid,  &c.  It 
dissolves  in  alkalis,  forming  yellow -red  solutions,  which  are 
inodorous  when  cold,  but  when  heated,  give  off  the  tetroxide  and 
free  oxygen,  leaving  a  residue  of  alkaline  osmite. 

Sulphides.— Osmium  burns  in  sulphur- vapour.  Five  sulphides 
of  osmium  are  said  to  exist,  analogous  to  the  oxides,  the  first  iour 
being  produced  by  decomposing  the  corresponding  chlorides  with 
hydrogen  sulphide,  and  the  tetrasulphide  by  passing  that  gas 
into  a  solution  of  the  tetroxide.  The  last  is  a  sulphur-acid, 
perfectly  soluble  in  water,  whereas  the  others  are  sulphur-bases, 
slightly  soluble  in  water,  and  forming  deep  yellow  solutions. 

Ammoniacal  Osmium  Compounds.— A  cold  solution  of  potas- 
sium osmite,  mixed  with  sal-ammoniac,  yields  a  yellow  crystalline 
precipitate,  consisting,  according  to  Claus,  of  hydrated  osimm- 
monium  chloride,  (N,H0Os")Cl,.  An  aqueous  solution  of  the 
tetroxide  treated  with  ammonia,  yields  a  brown-black  powder, 
consisting  of  N2H80s03,  or  [N2H6(OsO)"]O.H20. 

Osmiamic  Acid,  H,Os„N2Or,.— The  potassium-salt  of  thisbibasic 
acid,  K2Os2N2Or>,  is  produced  by  the  action  of  ammonia  on  a  nor, 
solution  of  osmium  tetroxide  in  excess  of  potash  : 

60s04  +  8NH3  +  6KHO  =  3K20s2N205  +  15H20  +  N2. 
It  separates  as  a  yellow  crystalline  powder,  and  its  solution, 
treated  with  silver  nitrate,  yields  a  precipitate  of  silver  osnnamaje. 
A«,0s2Nn06,  from  which  the  aqueous  acid  may  be  prepared  l>) 
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decomposition  with  hydrochloric  acid.  It  is  a  strong  acid,  decom- 
posing, not  only  the  carbonates,  but  also  the  chlorides,  of  potas- 
sium and  sodium.  The  osmiamates  of  the  alkali-metals  and 
alkaline  earth-metals  are  soluble  in  water  ;  the  lead,  mercury, 
and  silver  salts  are  insoluble. 


All  osmium  compounds,  when  heated  with  excess  of  nitric  acid 
give  off  the  unpleasaut  odour  of  osmium  tetroxide.  By  ignition  in 
hydrogen  gas,  they  are  reduced  to  metallic  osmium,  which,  as  well 
as  the  lower  oxides,  emits  the  same  odour  when  heated  in  contact 
with  the  air.  The  reactions  of  osmium  salts  in  solution  have 
already  been  described. 


GKOUP  II. 


TIN. 

Atomic  weight,  118  ;  symbol,  Sn  (Stamram). 

This  valuable  metal  occurs  in  the  state  of  oxide,  and  more  rarely 
as  sulphide:  the  principal  tin  mines  are  those  of  Saxony  and 
Bohemia,  Malacca,  and  more  especially  Cornwall.  In  Cornwall 
the  tin-stone  is  found  as  a  constituent  of  metal-bearing  veins, 
associated  with  copper  ore,  in  granite  and  slate-rocks ;  and  as  an 
all  uvial_  deposit,  mixed  with  rounded  pebbles,  in  the  beds  of  several 
small  rivers.  The  first  variety  is  called  mine-  and  the  second 
stream-tin.  Tin  oxide  is  also  found  disseminated  through  the 
rock  itself  in  small  crystals. 

To  prepare  the  ore  for  reduction,  it  is  stamped  to  powder,  washed, 
to  separate  as  much  as  possible  of  the  earthy  matter,  and  roasted, 
to  expel  sulphur  and  arsenic :  it  is  then  strongly  heated  with  coal, 
and  the  metal  thus  obtained  is  cast  into  large  blocks.  Two  varie- 
ties of  commercial  tin  are  known,  called  grain-  and  bar-tin;  the 
nrst  is  the  best ;  if  is  prepared  from  the  stream  ore. 

rure  tin  has  a  white  colour,  approaching  that  of  silver:  it  is 
sott  and  malleable,  and  when  bent  or  twisted  emits  a  pecidiar 
crackling  sound ;  it  has  a  density  of  7-3  and  melts  at  237°.  Tin 
s  but  little  acted  upon  by  air  and  water,  even  conjointly;  when 
neated  above  its  melting  point,  it  oxidises  rapidly,  becoming  con- 
verted into  a  whitish  powder,  used  in  the  arts  for  polishing,  under 
ine  name  of  putty-powder.  The  metal  is  attacked  and  dissolved 
oyjiyurochloric  acid,  with  evolution  of  hydrogen;  nitric  acid  acts 
(|.-|J'.  K'vat  energy,  converting  it  into  a  white  hydrate  of  the 

Tin  is  a  tetrad  metal,  and  forms  two  well-defined  classes  of 
impounds,  namely,  the  stannous  compounds,  in  which  it  is 
blVaiei,t>       8n"Cly  Hri'%,  Sn"0,         and  tin.  stannic  cum- 
in a  recont  lecture  Professor  Austen  Rolterta 
■ftys:— "Hereiaa  bar  of  tin  2ft.  long  and  liuj  thick, 
■which  it  would  be  most  difficult  to  break,  though  it 
wou  d  readily  bend  double.    If  only  I  rub  a  little  I 
quicksilver  on  itH  surface  a  remarkablo  effect  will  be  K— 
produced,  the  lluid  metal  will  penetrate  the  solid  one, 


444  TETRAD  METALS. 

pounds,  in  which  it  is  quadrivalent,  as  SnivCl4,  SnlT02,  &c;  also  a 
few  compounds  called  stannoso-stannic  compounds,  ot  inter- 
mediate composition,  e.g.,  Sn2Cl6,  Sn203,  &c. 

Chlorides.— The  dichloricle,  or  Stannous  chloride, SnCL,, 
is  obtained  in  the  anhydrous  state  by  distilhng  a  mixture  o 
calomel  and  powdered  tin,  prepared  by  agitating  the  melted ^metal 
in  a  wooden  box  until  it  solidifies.    It  is  a  grey  resmous-lookmg 
substance,  fusible  below  redness,  and  volatde  at  a  high  tenipemture. 

The  hydrated  chloride,  commonly  called  tin-salt  is  easily  pie- 
pared  by  dissolving  metalhc  tin  in  hot  hydrochloric  acid  It 
cSstalhLs  in  needles  containing  SnCl,2H20,  which are ^  free  v 
soluble  in  a  small  quantity  of  water,  but  are  apt  to  be ,  d e composed 
in  part  when  put  into  a  large  mass,  unless  hydrochloric  acid  m 
excess  be  present.  Solution  of  stannous  chloride  is  employed  a, 
a  deoxidising  agent;  it  reduces  the  salts  of  mercury  and  other 
metals  of  thl  same  class.  It  is  also  extensively  employed  a  a 
mordant  in  dyeing  and  calico-printing;  sometimes  also  as  an  anti- 

CMStannous  chloride  unites  with  the  chlorides  of  the  ^jf^ 
forming  crystallisable  double  salts,  SnCl2.2KCl,  &c,  called  Stan- 
nosochlorides  or  Clilorostcmnites.  , 
The  tetrachloride,  or  Stannic  chloride,  SnCl4,  is  an  old  ana 
very  curious  compound,  formerly  called  fummg  honor  ofLibanus. 
It  is  made  by  exposing  metallic  tin  to  the  action  of  chloj^ 
more  conveniently,  by  distilling  a  mixture  of  1  part  oi  powdered 
tin  with  5  parts  of  corrosive  sublimate.    It  is  a  thin,  colomlesj 
mobile  liquid,  boiling  at  120°,  and  yielding  a  colourless ,  raudflj 
vapour.    It  fumes  in  the  air,  and  when  mixed  with  a  third  part 
of  water,  solidifies  to  a  soft  fusible  mass,  called  butter  of  hn,  1M 
solution  of  stannic  chloride  is  much  employed  by  the  dyer  loi  me 
brightening  and  fixing  of  red  colours,  and  is  sometimes  designa  ed 
by  the  old  names,  "composition,  physic,  or  tin  solution ;  rtffl 
commonly  prepared  by  dissolving  metallic  tin  m  a  mixtme °J 
hydrochloric  and  nitric  acids,  care  being  taken  to  avoid  too  peg 
elevation  of  temperature.    The  solution  whrai  evaporated  yields 
a  deliquescent  crystalline  hydrate,  SnCl4.5H20.  111Ptils 
Stannic  chloride  forms,  with  the  chlorides  of  the  al^^eWJ 
and  alkaline  earth-metals,  crystalline  double  salts ^called 
chlorides  or  Chlorostannates,  e.g.,  SnCl,2NH,Cl;  SnGL.BaC^fig 
It  also  forms  crystalline  compounds  with  ^e  pentechloride  ana 
oxychloride  of  phosphorus,  viz.,  SnCl4.PCl6,  and  SnCl4.POCl3,  and 
a  solid  compound  with  phosphine,  containing  StoU*.^* 

The  trichloride,  or  Stannoso-stannic  chloride,  known  onlj  m  -u  . 
tion,  is  produced  by  dissolving  the  sesquioxide  m  hyorocwori 
add,    The  solution  acts  like  a  mixture  of  the  dichlonde  and  tetra 
chloride.  ,  . 
Fluorides.— Stannous  Fluoride,  SnF2,  obtained  by  evaporaonj 
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the  solution  of  stannous  oxide  in  hydrofluoric  acid,  crystallises  in 
small  shining  opaque  prisms.  Stannic  fluoride,  SnF4,  is  not  known 
in  the  free  state,  but  unites  with  other  metallic  fluorides,  forming 
crystalline  compounds,  called  stannofluorides  or  fluostannates,  iso- 
morphous  with  the  corresponding  silicon uorides,  titanofluor'ides 
and  zircofluorides.  The  potassium  salt  contains  SnF,  2KC1  H  o' 
the  barium  salt,  SnF4.BaF2,  &c.  2  ' 

Oxides.  — The  monoxide,  or  Stannous  oxide,  SnO,  is  pro- 
duced by  heating  stannous  oxalate  out  of  contact  with  the  air  • 
also  by  igniting  stannous  hydrate.  This  hydrate,  2SnO.H„0,  or 
Sn2H203,  is  obtained  as  a  white  precipitate  by  decomposing  stan- 
nous chloride  with  an  alkaline  carbonate,  carbon  dioxide  cras  being 
at  the  same  time  evolved.  This  hydrate,  carefully  washed,  dried 
and  heated  in  an  atmosphere  of  carbon  dioxide,  leaves  anhydrous 
stannous  oxide  as  a  dense  black  powder,  which  is  permanent  in 
the  air,  but  when  touched  with  a  red-hot  body,  takes  fire  and 
burns  hke  tinder,  producing  the  dioxide.  The  hydrate  is  freelv 
soluble  m  caustic  potash;  the  solution  decomposes  by  keeping 
mto  metallic  tin  and  dioxide.  It  dissolves  also  in  sulphuric 
needles0™^  Stann°US  sulPhate>  sn"S04,  which  crystallises  in 

The  Sesquioxide,  Sn203,  is  produced  by  the  action  of  hyclrated 
ternc  oxide  upon  stannous  chloride :  it  is  a  greyish,  slimy  sub- 
stance, soluble  m  hydrochloric  acid,  and  in  ammonia.  This  oxide 
has  been  but  little  examined. 

The  dioxide,  or  Stannic  oxide,  Sn02,  occurs  native  as  tin- 
stone or  cassitente,  the  common  ore  of  tin,  and  is  easily  formed 
jy  beating  tin,  stannous  oxide,  or  stannous  hydrate  in  contact 
wtn the  air.  As  thus  prepared  it  is  a  white  or  yellowish  amorphous 
powcler;  but  by  passing  the  vapour  of  stannic  chloride  mixed  with 
aqueous  vapour  through  a  red-hot  porcelain  tube,  it  may  be  ob- 

Sted  Se  k       EttaCked  by  acid8'  ^en  *  the  con" 

comS°  0XiC^  formS  ^°  hvdrates,  ^ring  from  one  another  in 

o ffS™ LT 1rPet6S  5  hot\h™^  ting  ^ids,  and  capable 
t  ornung  salts  by  exchanging  their  hydrogen  for  metals.  These 
hydrates  or  acids  are  stannic  acid,  Sn02  H20,  or  H9SnO,  and 

Sle  rf  ^haCid'  ^MV'  «  the  fo&eS 

J  n  exchanging  tne  whole  of  its  hydrogen  for  metal,  and 
™ng  the  stannates,  containing  M.SnO,;  while  the  latter 

^2u""¥  ?  P™ciPitoted  by  acids  from  solutions  of  alkaline 

-.also  from  solution  of  stannic  chloride,  by  oalci   or 

'jn  -  mate  not  „i  excess;  alkaline  carbonates' throw  down 
i,'  11  stannate.  When  dried  in  the  air  at  ordinary  temperatures 
V;J;;;;~;''K  to  Weber,  ,,„.  composition,  SnOffflJoj  in  a 
vacuum  half  the  water  is  given  off,  leaving  SnO.,.II.,0. 
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Stannic  hydrate  dissolves  in  the  stronger  acids,  forming  the 
stannic  salts ;  thus  with  sulphuric  acid  it  forms  stannic  sulpluitc, 
Snlv(S04),  or  Sn0.2S03.  Hydrochloric  acid  converts  it  into  the 
tetrachloride.  The  stannic  salts  of  oxygen-acids  are  very  unstable. 

Starmates.— Stannic  hydrate  exhibits  acid  much  more  decidedly 
than  basic  properties.  It  forms  easily  soluble  salts  with  the  alkalis, 
aud  from  these  the  insoluble  staunates  of  the  earth-metals  and 
heavy  metals  may  be  obtained  by  precipitation.  Sodium  stannate, 
Na,Sn03,  which  is  much  used  in  calico-printing  as  a  "preparing 
salt"  or  mordant,  is  produced  on  the  large  scale  by  fusing  tinstone 
with  hydrate,  nitrate,  chloride,  or  sulphide  of  sodium ;  by  boiling 
the  tin  ore  with  caustic  soda-solution ;  by  fusing  metallic  tin  with 
a  mixture  of  sodium  nitrate  and  carbonate ;  or  heating  it  with  soda 
solution  mixed  with  sodium  nitrate  and  chloride*  _ 

Metastannic  acid  is  produced  by  the  action  of  nitric  acid  upon 
tin  When  dried  in  the  air  at  ordinary  temperatures  it  contains 
5SnO„.10H,O,  or  H10SnsO16.5H2O,  but  at  100°  it  gives  off  5  mole- 
cules of  water,  and  is  reduced  to  H10Sn5Ols.  It  is  a  white  crystal- 
line powder  insoluble  in  water  and  in  acids.  It  dissolves  slowly 
in  alkalis,  forming  metastannates,  but  it  is  gradually  deposited  in 
its  original  state  as  the  solution  absorbs  carbonic  acid  from  the  air. 
The  potassium  salt,  K2H8Sn5015  or  }  (Sn02)5,  may  be  pre- 

cipitated in  the  solid  state  by  adding  pieces  of  solid  potash  to  a 
solution  of  metastannic  acid  in  cold  potash.  It  is  g?™my,  ^ 
crystallisable,  and  strongly  alkaline.  The  sodium  salt,  Na2HsbnUls, 
prepared  in  like  manner,  is  crystallo-granular,  and  dissolves 
slowly,  but  completely,  in  water.  The  metastannates  exist  only 
in  the  hydrated  state,  being  decomposed  when  deprived  ot  their 
basic  water. 

Tin  Sulphides.— The  monosulphide,  SnS,  is  prepared  by  fusing 
tin  with  excess  of  sulphur,  and  strongly  heating  the  product.  It 
is  a  lead-grey,  brittle  substance,  fusible  at  a  red  heat,  and  soluble, 
with  evolution  of  sulphuretted  hydrogen,  in  hot  hydrochloric  acid. 
A  sesquisulphide  may  be  formed  by  gently  heating  the  above 
compound  with  a  third  of  its  weight  of  sulphur :  it  is  yellowish- 
grey,  and  easily  decomposed  by  heat.  The  bisulphide,  Snb„,  or 
Mosaic  gold,  is  prepared  by  exposing  to  a  low  red  heat,  in  a  glass 
flask,  a  mixture  of  12  parts  of  tin,  6  of  mercury,  6  of  sal-ammoniac, 
and  7  of  flowers  of  sulphur.  Sal-ammoniac,  cinnabar,  and  stannous 
chloride  sublime,  while  the  bisulphide  remains  at  the  bottom  ol 
the  vessel  hi  the  form  of  brilliant  gold-coloured  scales it  is  used 
as  a  substitute  for  gold  powder.  The  same  compound  is  obtained 
as  an  amorphous  light-yellow  powder  by  passing  hydrogen  sulphide 
into  a  solution  of  stannic  chloride. 

*  Richardson  and  Watts's  Chemical  Technology,  vol.  i.  pt.  iv.  p.  35, 
and  pt,  v.  p.  342. 
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Stannous  salts  give  with  : 
Fixed  caustic  alkalis:  white  hydrate,  soluble  in  excess 
Ammonia:  carbonates) 
of  potassium,  sodium,  V  whlte  hydrate,  nearly  insoluble  in 
and  ammonium 


Hydrogen  sulphide 
Ammonium  sulphide 


black-brown  precipitate  of  monosul- 
phide,  soluble  in  ammonium  sul- 
phide containing  excess  of  sulphur, 
and  reprecipitated  by  acids  as 
yellow  bisidphide. 

Stannic  salts  give  with : 
Fixed  caustic  alkalis:  white  hydrate,  soluble  in  excess 
Ammonia:  white  hydrate,  slightly  soluble  in  excess. 
Alkaline  carbonates:  white  hydrate,  slightly  soluble  in  excess 
Ammonium  carbonate:  white  hydrate,  insoluble 
Hydrogen  sulphide  :  yellow  precipitate  of  bisulphide 
Ammonium  sulphide:  the  same,  soluble  in  excess. 

Trichloride  of  gold,  added  to  a  dilute  solution  of  stannous 


The  usef  ul  applications  of  tin  are  very  numerous.  Tinned  vlat? 
consists  of  iron  superficially  alloyed  with  this  metal  •  vewt  of  the 
best  kind,  js  chiefly  tin,  hardened  by  the  admixture  of 'a  littt 

has  W^Sfc^1^  m  d  W  and  -Hco-printing 


TITANIUM. 

Atomic  weight,  50;  symbol,  Ti. 

S?  ^Tht  moffZ7\mf  t'  aml  is  never  fomd  i'1  A»  Gallic 

ESlS  S^11  the  "%  adhering  to  &e  bottom  of 
'    -  "  which  ,ron  ore  ,s  reduced,  small  brilliant  copper- 

-I,-'  ,  ,  ,  i  7"""  '  '"flitch  glass,  and  in  the  highest 
S  I  ,,'    r,         V"n"L    "lis  ^stance,  of  which  a  single 

t     u     v  S      w  ""  Hnrt7i  l"'0'1"'1"1  il«  -n>„:l,  as, SO  pounds,  was 

believed  to  be  metallic  titanium.    Wohler,  however  has 
2   it  to  he  a  combination  of  tdtanium  cyanide  with  titanium 
,C-    When  these  CTystals  are  powdered,  mixed  with  potassium 
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hydrate,  and  fused,  ammonia  is  evolved,  and  potassium  titanate  is 
formed  Metallic  titanium  in  a  finely  divided  state  may  be  ob- 
tained bv  beating  titanium  and  potassium  flonde  with  potassium. 
This  element  is  remarkable  for  its  affinity  for  nitrogen :  when 
heated  in  the  ah-,  it  simultaneously  absorbs  oxygen  and  nitro- 

SeTitanium  is  tetradic,  like  tin,  and  forms  two  classes  of  com- 
pounds: tbe  titanic  compounds,  in  which  it  is  quadrivalent,  e.g., 
TiivCL,  Ti"0„  and  the  titanous  compounds,  in  which  it  is  appar- 

ently  trivalent  but  really  also  quadrivalent,  e.g.,  Ti^,  or  | 

Chlorides.— Titanous  chloride,  Ti2Cl6,  is  produced  by  passing 
the  vapour  of  titanic  chloride  mixed  with  hydrogen  through  a  red- 
hot  tube ;  it  forms  dark  violet  scales  having  a  strong  lustre.  Titanic 
chloride,  TiCl4,  is  prepared  by  passing  chlorine  over  an  ignited 
mixture  of  titanic  oxide  and  charcoal.  It  is  a  colourless,  volatile, 
fundus,  liquid,  having  a  specific  gravity  of  1-/609  at  0  ,  vapour- 
density  =  6-658,  and  boiling  at  135°.  It  unites  very  violently 
with  water,  and  forms  definite  compounds  with  ammonia,  ammo- 
nium chloride,  hydrogen  cyanide,  cyanogen  chloride,  phosphine, 
and  sulphur  tetrachloride. 

Fluorides.— Titanous  fluoride,  Ti2F6,  is  obtained  as  a  violet 
powder  by  igniting  potassio-titanic  fluoride  in  hydrogen  gas  and 
treating  the  resulting  mass  with  hot  water.  Titanic  /uoride,  Ii*4> 
passes  °over  as  a  fuming  colourless  liquid,  when  titanic  oxide  d 
distilled  with  fluor-spar  and  fuming  sulphuric  acid  ma  platinum 
apparatus.  It  unites  with  hydrofluoric  acid  and  metallic,  fluorides, 
forming  double  salts  called  titano-fluorides  or  fluotitanates, 
isomorphouswith  the  silicofluorides,  ziricofluorides,  &c.,e.sr.,  ill!* 
2KF;  TiF4.CaF2. 

Oxides.— The  sesquioxide  or  Titanous  oxide,  Ti203,  is  obtained 
bv  igniting  the  dioxide  in  hydrogen,  as  a  black  powder,  wnicffl 
when  heated  in  the  air  to  a  very  high  temperature,  oxidises  to 

titanic  oxide.  .      .  j-#„~tt>« 

The  dioxide  or  Titanic  oxide,  occurs  native  m  thi-ee  ciineiau 
forms,  viz.,  as  ruffle  and  anatase,  which  are  dimetric,  and  brooJate. 
which  is  trimetric ;  of  these,  anatase  is  the  purest,  and  rutile  tne 
most  abundant.  To  obtain  pure  titanic  oxide,  ruffle  or  titaniierous 
iron  ore,  reduced  to  fine  powder,  is  fused  with  twice  its  weight  01 
potassium  carbonate,  and  the  fused  mass  is  dissolved  in  ciuuie 
hydrofluoric  acid,  whereupon  titano-fluoride  of  potassium  soon 
begins  to  separate.  From  the  hot  aqueous  solution  of  this  sail, 
ammonia  throws  down  snow-white  ammonium  titanate.  wrucc i« 
easily  soluble  in  hydrochloric  acid,  and  when  ignited  gives ;reddMn- 
brown  lumps  of  titanic  oxide.  Tim  oxide  is  insoluble  in  * 
SdSaU  acids  except  strong  sulphuric  acid.    By  fusing  it  with 
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six  times  its  weight  of  acid  potassium  sulphate,  a  clear  yellow  mass 
is  obtained,  which  dissolves  perfectly  in  warm  water 

Titanic  oxide  appears  to  form  two  hydrates  or  acids,  analogous 
to  stannic  and  metastanmc  acids.  One  of  these,  called  titan  c 
aci  d,  is  precipitated  by  ammonia  from  a  solution  of  titanic  chloride 
as  a  white  powder  which  dissolves  easily  in  sulphuric,  nitric  and 
hydrochloric  acids,  even  when  these  acids  are  rather  dilute  C 
these  dilute  solutions,  when  boiled,  deposit  metatitan  c'  hy- 
dra e  as  a  soft  white  powder,  which,  like  the  anhydrous  oxide  is 
.  osoluble  m  all  acids  except  strong  sulphuric  acid  ' 

the  titanates  have  not  been  much  studied  •  most  of  thPm  ™Qlr 

-MePOr™e?tnrhe  *W  =  ^0S  ,Sm2S^ 

Khm^T?'  (  }anb1°1  M  denotmg  a  univalent  metal).  2  The 
btanates  of  calcium  and  iron  occur  as  natural  minerals  The  tita- 
nates of  the  alkali-metals  are  formed  by  fusing  titanic  oxMe  with 
alkaline  hydrates,  carbonates,  or  acid  sulphates-some  of  them 
also  in  the  wet  way.  When  finely  pulverised  and  legated  thev 
dissolve  m  moderately  warm,  concentrated  hycbochloric  acid  •  S 
the  greater  part  of  the  dissolved  titanic  acid  is  precipiteted  on  hnif 

SaS-mlt°M  ^  dilUte  "ft    The  ^  ^^t 
Th mhS  '  7*?  *   !"6  msoluble  m  water  but  soluble  in  acid 
the  titanates  of  the  earth-metals  and  heavy  metals  are  insolub  ' 
and  may  be  obtained  by  precipitation  msoluble, 
In  a  solution  of  titanic  acid  in  hydrochloric  acid,  containing  as 

S^nS^po^Ufl'-  tincJure  of  galls  prodiWs  an 

?  £P  i  Pptasmmferrocycmide,  a  dark  brown  preci- 
£  in  t£        oxlde  fused  with  borax,  or  better,with  microLmic 

S  hoM  ,VTer  blow-P11Pe  flame>  f™S  a  glass  which  is  yelSw 
wmie  hot,  but  becomes  violet  on  cooling.  The  delincv  nf  kl  rZ? 
ton  ,8  much  increased  by  melting  a  little  m^Z  JinZlZ'. 
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Atomic  weight,  207 ;  Symbol,  Pb  (Plumbum). 

quantity  1  The'  reduS  "°  °?ef  bein*?  found  in  W« 

into  which  the  cn2S  ?    f  efl.e°.ted  ?  a  ^erberatory  furnace, 
at  a  dull  reThe S  1      k  £  mtrodu°ed  and  roasted  for  some 
changed  bywddal  \tm  I   7  7  !'Ch  ma£  °f  the  8ulP^e  becomes 
are  fi,,n  ,1  ,    ' , '"  The  contents  of  the  furnace 

'Ulphate  '  ,""Xf"  '  and  the  temperature  raised,  when  the 

"-<*•  andmeaSf  °tu5°n 0ther'  PToducinS 

PbSO.,  +  PbS  =  Pb2  +  2S02. 
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Lead  is  a  soft  bluish  metal,  possessing  very  little  elasticity  ;  its 
specific  gravity  is  11-45.  It  may  be  easily  rolled  out  into  plates, 
or  drawn  out  into  coarse  wires,  but  has  very  little  tenacity.  It 
melts  at  315-5°,  or  a  little  above,  and  boils  and  volatilizes  at  a 
white  heat.  By  slow  cooling  it  may  be  obtained  in  octahedral 
crystals.  In  moist  air  this  metal  becomes  coated  with  a  film  of 
grey  matter,  thought  to  be  suboxide,  and  when  exposed  to  the 
atmosphere  in  the  melted  state  it  rapidly  absorbs  oxygen.  Dilute 
acids,  with  the  exception  of  nitric  acid,  act  but  slowly  upon  lead 

Lead  is  a  tetrad,  as  shown  by  the  constitution  of  plumbic  ethide, 
Pb,r(C2H6)4 ;  but  in  its  inorganic  combinations  it  appears  dyadic, 
forming  but  one  chloride,  Pb"Cl2,  with  corresponding  bromide  and 
iodide.  The  oxide  corresponding  to  these  is  Pb"0,  and  there  are 
also  higher  oxides  in  which  the  metal  may  be  regarded  either 
as  a  dyad  or  as  a  tetrad :  thus  the  dioxide  Pb02  may  be  formulated 

either  as  OZIPb~0,  or  as  P^<9 

Lead  Chloride,  PbCl2,  is  prepared  by  precipitating  a  solution 
of  lead  nitrate  or  acetate  with  hydrochloric  acid  or  common  salt. 
It  separates  as  a  heavy  white  crystalline  precipitate,  which  dis- 
solves in  about  33  parts  of  boiling  water,  and  separates  again,  on 
cooling,  in  needle-shaped  crystals. 

There  are  several  oxy chlorides  of  lead,  one  of  which,  Pb3Cl202, 
or  PbCl2.2PbO,  occurs  crystallised  in  right  rhombic  prisms  on  the 
Mendip  Hills,  thence  called  menclifite.  Another,  constituting 
Pattinson's  white  oxychloride,  Pb2Cl20  or  PbCl2.PbO,  is  prepared 
for  use  as  a  pigment  by  grinding  galena  with  strong  hydrochloric 
acid,  dissolving  the  resulting  chloride  in  hot  water,  and  precipitat- 
ing with  lime-water.  A  third  oxychloride,  PbCl2.7PbO,  called 
patent  yellow  or  Turner's  yellow,_  is  prepared  by  heating  1  part  of 
sal-ammoniac  with  10  parts  of  litharge. 

Lead  Iodide,  Pbl2,  is  precipitated,  on  mixing  lead  nitrate  or 
acetate  with  potassium  iodide,  as  a  bright  yellow  powder,  which 
dissolves  in  boiling  water,  and  crystallises  therefrom  in  beautiiul 
yellow  iridescent  spangles. 

Oxides.— The  monoxide,  PbO,  called  litharge  or  massicot,  is  the 
product  of  the  direct  oxidation  of  the  metal.  It  is  most  conve- 
niently prepared  by  heating  the  carbonate  to  dull  redness ;  common 
litharge  is  impure  monoxide  which  has  undergone  fusion.  _  Lead 
oxide  has  a  delicate  straw-yellow  colour,  is  very  heavy,  and  slightly 
soluble  in  water,  giving  an  alkaline  liquid.  It  is  soluble  in  potash, 
and  crystallises  from  the  solution  in  rhombic  prisms.  At  a  red 
heat  it  melts,  and  tends  to  crystallise  on  cooling.  In  the  melted 
state  it  attacks  and  dissolves  silicious  matter  with  astonishing 
facility,  often  penetrating  an  earthen  crucible  in  a  few  minutes. 
It  is  easily  reduced  when  heated  with  organic  substances  of  any 
kind  containing  carbon  or  hydrogen.    It  forms  a  large  class  ot  sal  I  s, 
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often  called  plumbic  salts,  which  are  colourless  if  the  acid  itself  is 
not  coloured. 

TriplwmMc  tetroxide,  or  Bed  lead,  is  not  of  very  constant  com- 
position, but  generally  contains  Pb30,  or  2PbO.PbO.,.  It  is  pre- 
pared by  exposing  the  monoxide,  which  has  not  been  fused  -  for  a 
long  tune  to  the  air,  at  a  very  faint  red  heat ;  it  is  a  brilliant  red 
and  extremely  heavy-  powder,  decomposed,  with  evolution  of  oxy- 
gen, by  a  strong  heat,  and  converted  by  acids  into  a  mixture  of 
monoxide  and  dioxide.  It  is  used  as  a  cheap  substitute  for  ver- 
milion. 

The  dioxide,  Pb02,  often  called  puce  or  brown  lead-oxide,  is  ob- 
tained without  difficulty  by  digesting  red  lead  in  dilute  nitric  acid 
whereby  lead  nitrate  is  dissolved  out,  and  insoluble  dioxide  left 
behind  in  the  form  of  a  deep-brown  powder.     The  dioxide  is 
decomposed  by  a  red  heat,  yielding  up  one-half  of  its  oxygen 
Hydrochloric  acid  converts  it  into  lead  chloride,  with  disengage- 
ment;  of  chlorine ;  hot  oil  of  vitriol  forms  with  it  lead  sulphate 
and  liberates  oxygen.    The  dioxide  is  very  useful  in  separating 
sulphurous  acid  lrom  certain  gaseous  mixtures,  lead  sulphate  beina 
then  produced :  PbO,  +  S02  =PbS04.  & 
Biplumbic  oxide  or  Lead  suboxide,  Pb90,  is  formed  when  the 
monoxide  is  heated  to  dull  redness  in  a  retort :  a  grey  pulverulent 
substance  is  then  left,  which  is  resolved  by  acid!  into  monoriJe 
and  metal.  It  absorbs  oxygen  with  great  rapidity  when  heated,  and 
even  when  simply  moistened  with  water  and  exposed  to  the  air. 

dissoltlf/T™'^?^2  °r  PbaNA-  may  be  obtained  by 
£  3ieaiCart°nate  m  mtl?  acM'  or  ^  actin§  Meetly  upon 
nSi^  lY  6  Sime  age^  mth  the  aid  of  heat :  ifc  is>  ^  already 
noticed,  a  bye-product  m  the  preparation  of  the  dioxide.    It  crvs- 

a .1  hses  in  anhydrous  octohedrons,  which  are  usually  milk-white 
;       paque.    It  dissolves  in  7J  part,  of  cold  water,  id  is  decom- 

Se  whS  '/I  V1?  mtT°?en  tetrradde>  oxygen,  and  lead  mon- 
ocle, winch  obstinately  retains  traces  of  nitrogen.    When  a  solu- 

7,  "  V?  1  r  I,oiled  Wlth  «"»  additional  quantity  of  lead  oxide 
tCmavb^61  f^8801™?'  a»<<  a  »  nitrate  generS 
2  P  7  lTef  m  c78ta1,8'  Phonic  acid  separates  this 
gj  ^oxide  m  the  form  of  a  white  compound  of  carbonate  and 

**eu£a]  and  basic  compounds  of  lead  oxide  with  the  trioxide 
-x,l,  of  nitrogen,  have  been  described.    These  las  are 
I  Wbablj  formed  by  the  combination  of  a  nitrite  with  a  nitrate. 

-ill  isD«C;VRr°NAT<-;  W,mTE  Lead5  Pl>"CO.  or  PbO.CO..-Thi8 
JJ* 13  sometimes  found  beautifully  crystallised  in  long  while 
•N  ji.-.-,,,u,,,„y.,,g  other  metallic  ores.  It  may  be  prepared 
J|  1  "lly  by  precipitating  in  the  cold  a  solution  of  the  nitrate  or 
Imili  7  a  a".  a.lkaline  carbonate:  when  the  lead  solution  is 
Mng'  ""'  Precipitate  is  a  basic  sail  containing  2PbCO8.PbH202. 
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It  is  also  manufactured  to  an  immense  extent  by  other  means  for 
the  use  of  the  painter.  Pure  lead  carbonate  is  a  soft  white  powder, 
of  great  specific  gravity,  insoluble  in  water,  but  easily  dissolved  by 
dilute  nitric  or  acetic  acid. 

Of  the  many  methods  put  in  practice,  or  proposed,  for  making 
white  lead,  the  two  following  are  the  most  important  and  interest- 
ing :  one  of  these  consists  in  forming  a  basic  nitrate  or  acetate  of 
lead  by  boiling  finely  powdered  litharge  with  the  neutral  salt. 
This  solution  is  then  brought  into  contact  with  carbonic  acid  gas, 
whereby  all  the  excess  of  oxide  previously  taken  up  by  the  neutral 
salt  is  at  once  precipitated  as  white  lead.    The  solution  strained 
or  pressed  from  the  latter  is  again  boiled  with  litharge,  and  treated 
with  carbonic  acid:  these  processes  are  susceptible  of  indefinite 
repetition,  whereby  the  little  loss  of  neutral  salt  left  in  the  precipi- 
tates is  compensated.    The  second,  and  by  far  the  more  ancient 
method,  is  rather  more  complex,  and  at  first  sight  not  very  intel- 
ligible.   A  great  number  of  earthen  jars  are  prepared,  into  each 
of  which  is  poured  a  few  ounces  of  crude  vinegar ;  a  roll  of  sheet- 
lead  is  then  introduced  in  such  a  manner  that  it  shall  neither 
touch  the  vinegar  nor  project  above  the  top  of  the  jar.    The  vessels 
are  next  arranged  in  a  large  bunding,  side  by  side,  upon  a  layer 
of  stable  manure,  or,  still  better,  spent  tan,  and  closely  covered 
with  boards.    A  second  layer  of  tan  is  spread  upon  the  top  of  the 
latter,  and  then  a  second  series  of  pots ;  these  are  in  turn  covered 
with  boards  and  decomposing  bark,  and  in  this  maimer  a  pile  of 
many  alternations  is  constructed.    After  the  lapse  of  a  considerable 
time,  the  pile  is  taken  down  and  the  sheets  of  lead  are  removed 
and  carefully  unrolled ;  they  are  then  found  to  be  in  great  part 
converted  into  carbonate,  which  merely  requires  washing  and 
grinding  to  be  fit  for  use.    The  nature  of  this  curious  process  is 
generally  explained  by  supposing  the  vapour  of  vinegar  raised  by 
the  high  temperature  of  the  fermenting  matter,  merely  to  act  as  a 
carrier  between  the  carbonic  acid  evolved  from  the  tan,  and  the 
lead  oxide  formed  under  the  influence  of  the  acid  vapour,  a  neutral 
acetate,  a  basic  acetate,  and  a  carbonate  being  produced  in  succes- 
sion, and  the  action  gradually  travelling  from  the  surface  inwards. 
The  quantity  of  acetic  acid  used  is,  in  relation  to  the  lead,  quite 
trifling,  and  cannot  directly  contribute  to  the  production  of  the 
carbonate.    A  preference  is  still  given  to  the  product  of  this  old 
mode  of  manufacture,  on  account  of  its  superiority  of  opacity,  or 
body,  over  that  obtained  by  precipitation.    Commercial  white  lead, 
however  prepared,  always  contains  a  certain  proportion  of  hydrate. 
It  is  sometimes  adulterated  with  barium  sulphate. 

When  clean  metallic  lead  is  put  into  pure  water  and  exposed  to 
the  air,  a  white,  crystalline,  scaly  powder  begins  to  show  itself  j" 
a  few  hours,  and  very  rapidly  increases  in  quantity.  This  sub- 
stance may  consist  of  lead  hydrate,  formed  by  the  action  of  the 

oxygen  dissolved  in  the  water  upon  the  lead.    It  is  slightly  solu- 
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ble,  and  may  be  readily  detected  in  the  water.  In  most  cases, 
however,  the  formation  of  this  deposit  is  due  to  the  action  of  the 
carbonic  acid  dissolved  in  the  water :  it  consists  of  carbonate  in 
combination  with  hydrate,  and  is  nearly  insoluble  in  water.  "When 
common  river  or  spring  water  is  substituted  for  the  pure  liquid, 
this  effect  is  less  observable,  the  little  sulphate,  almost  invariably 
present,  causing  the  deposition  of  a  very  thin  but  closely  adherent 
film  of  lead  sulphate  upon  the  surface  of  the  metal,  which  protects 
it  from  further  action.  It  is  on  this  account  that  leaden  cisterns 
are  used  with  impunity,  at  least  in  most  cases,  for  holding  water : 
if  the  latter  were  quite  pure,  it  would  be  speedily  contaminated 
with  lead,  and  the  cistern  would  be  soon  destroyed.  Natural 
water  highly  charged  with  carbonic  acid  cannot,  under  any  cir- 
cumstances, be  kept  in  lead  or  passed  through  leaden  pipes  with 
safety,  the  carbonate,  though  insoluble  in  pure  water,  being  slightly 
soluble  in  water  containing  carbonic  acid. 


The  soluble  salts  of  lead  behave  with  reagents  as  follows : — 
_  Caustic  potash  and  soda  precipitate  a  white  hydrate  freely  soluble 
in  excess.  Ammonia  gives  a  similar  white  precipitate,  not  soluble 
m  excess.  The  carbonates  of  potassium,  sodium,  and  ammonium, 
precipitate  lead  carbonate,  insoluble  in  excess.  Sulphuric  acid  or 
&  sulphate  causes  a  white  precipitate  of  lead  sulphate  insoluble  in 
nitric  acid.  Hydrogen  sulphide  and  ammonium  sulphide  throw 
down  black  lead  sulphide.  Lead  is  readily  detected  before  the 
blow-pipe  by  fusing  the  compound  under  examination  on  charcoal 
with  sodium  carbonate,  when  a  bead  of  metal  is  easily  obtained, 
which  is  recognised  by  its  chemical  as  well  as  physical  properties. 

An  alloy  of  2  parts  of  lead  and  1  of  tin  constitutes  plumbers' 
solder  -  these  proportions  reversed  give  a  more  fusible  compound, 
called  fine  solder.  The  lead  employed  in  the  manufacture  of  shot 
is  combined  with  a  little  arsenic. 


GROUP  IV. — IRON  METALS. 


.  IRON. 

Atomic  weight,  56;  symbol,  Fe  (Ferrum). 

This  is  the  most  important  of  all  metals:  there  are  few  substances 
to  which  it  yields  in  interest,  when  it  is  considered  how  very 
Ultimately  the  knowledge  of  its  properties  and  uses  is  connected 
with  human  civilisation. 

Metallic  iron  is  of  exceedingly  rare  occurrence:  it  ban  been 
found  at  Canaan,  in  Connecticut,  forming  a  vein  about  two  inches 
thick  in  mica-slate  ;  but  it  enters  into  the  composition  of  many  of 
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those  extraordinary  stones  known  to  fall  from  the  air,  called 
meteorites.  Isolated  masses  of  soft  malleable  iron  also,  of  large 
dimensions,  lie  loose  upon  the  surface  of  the  earth  in  South 
America  and  elsewhere,  and  are  presumed  to  have  had  a  similar 
origin :  these  latter,  in  common  with  the  iron  of  the  undoubted 
meteorites,  contain  nickel.  In  an  oxidized  condition,  the  presence 
of  iron  may  be  said  to  be  universal :  it  constitutes  a  great  part  of 
the  common  colouring  matter  of  rocks  and  soils ;  it  is  contained  in 
plants,  and  forms  an  essential  component  of  the  blood  of  the  animal 
body.  It  is  also  very  common  in  the  state  of  bisulphide.  Pure 
iron  may  be  prepared,  according  to  Mitscherlich,  by  introducing 
into  a  Hessian  crucible  4  parts  of  fine  iron  wire  cut  small,  and 
1  part  of  black  iron  oxide.  This  is  covered  with  a  mixture  of  white 
sand,  lime,  and  potassium  carbonate,  in  the  proportions  used  for 
glass-making,  and  a  cover  being  closely  applied,  the  crucible  is 
exposed  to  a  very  high  degree  of  heat.  A  button  of  pure  metal  is 
thus  obtained,  the  traces  of  carbon  and  silicium  present  in  the 
wire  having  been  removed  by  the  oxygen  of  the  oxide. 

Pure  iron  has  a  white  colour  and  perfect  lustre :  it  is  extremely 
soft  and  tough,  and  has  a  specific  gravity  of  7 -8.  Its  crystalline 
form  is  probably  the  cube,  to  judge  from  appearances  now  and 
then  exhibited.  In  good  bar-iron  or  wire,  a  distinct  fibrous  texture 
may  always  be  observed  when  the  metal  has  been  attacked  by 
lusting  or  by  the  application  of  an  acid,  and  upon  the  perfection 
of  this  fibre  much  of  its  strength  and  value  depends.  Iron  is  the 
most  tenacious  of  all  the  metals,  a  wire  &  of  an  inch  in  diameter 
bearing  a  weight  of  60  lbs.  It  is  very  difficidt  of  fusion,  and 
before  becoming  liquid  passes  through  a  soft  or  pasty  condition. 
Pieces  of  iron  pressed  or  hammered  together  in  this  state  cohere 
into  a  single  mass :  the  operation  is  termed  welding,  and  is  usually 
performed  by  sprinkling  a  little  sand  over  the  heated  metal,  which 
combines  with  the  superficial  film  of  oxide,  forming  a  fusible 
silicate,  which  is  subsequently  forced  out  from  between  the  pieces 
of  iron  by  the  pressure  applied :  clean  surfaces  of  metal  are  thus 
presented  to  each  other,  and  union  takes  place  without  difficulty. 

Iron  does  not  oxidise  in  dry  air  at  common  temperatures:  heated 
to  redness,  it  becomes  covered  with  a  scaly  coating  of  black  oxide, 
and  at  a  high  white  heat  burns  brilliantly,  producing  the  same 
substance.  In  oxygen  gas  the  combustion  occurs  with  still  greater 
ease.  The  finely  divided  spongy  metal  prepared  by  reducing  the 
red  oxide  with  hydrogen  gas  takes  fire  spontaneously  in  the  air. 
Pure  water,  free  from  air  and  carbonic  acid,  does  not  tarnish  a 
surface  of  polished  iron,  but  the  combined  agency  of  free  oxygen 
and  moisture  speedily  leads  to  the  production  of  rust,  which  is  a 
hydrate  of  the  sesquioxide.  The  rusting  of  iron  is  wonderfully 
promoted  by  the  presence  of  a  little  acid  vapour.  At  a  red  heat, 
iron  decomposes  water,  evolving  hydrogen,  and  passing  into  the 
black  oxide.    Dilute  sulphuric  and  hydrochloric  acids  dissolve  it 
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lieely,  with  separation  of  hydrogen.  Iron  is  strongly  magnetic  up 
to  a  red  heat,  when  it  loses  all  traces  of  that  remarkable  property. 

Iron  is  a  tetrad,  forming  two  classes  of  compounds ;  namely,  the 
ferrous^  compounds,   in  which  it  is  bivalent,  e.g.,  Fe"ClQ 
Fe"0,  Fe"S04,  &c,  and  the  ferric  compounds,  in  which  it  is 
really  quadrivalent,  though  apparently  trivalent,  e.a , 
FeCI3  J' 

J  _  !   (Fe2r03;   (Fe^SO^,  &c. 
IeCl3 

Chlorides.— The  dichloride,  or  Ferrous  chloride,  FeCL,  is  formed 
by  transmitting  dry  hydrochloric  acid  gas  over  red-hot  metallic 
u;on,  or  by  dissolving  iron  in  hydrochloric  acid.  The  latter  solu- 
tion yields,  when  didy  concentrated,  green  crystals  of  the  hydrated 
dichlonde  FeCl2.4H20;  they  are  very  soluble  and  deliquescent, 
and  rapidly  oxidise  m  the  air. 

The  trichloride,  or  Ferric  chloride,  Fe3Cl6,  is  usually  prepared 
by  dissolving  ferric  oxide  in  hydrochloric  acid.  The  solution 
evaporated  to  a  syrupy  consistence,  deposits  red  hydrated  crystals' 
which  are  very  soluble  in  water  and  alcohol.  It  forms  double 
salts  with  potassium  chloride  and  sal-ammoniac.  When  evaporated 
to  dryness  and  strongly  heated,  much  of  the  chloride  is  decomposed 
yielding  sesquioxide  and  hydrochloric  acid :  the  remainder  sub- 
times  and  afterwards  condenses  in  the  form  of  small  brilliant  red 
crystals ,  which ^  deliquesce  rapidly.  Anhydrous  ferric  chloride  is 
also  produced  by  the  action  of  chlorine  upon  the  heated  metal, 
the  solution  of  ferric  chloride  is  capable  of  dissolving  a  large  excess 
'larkercoLureCiPltated         hydrate'  ^  which  ifc  acquires  a  much 

Iodides.— Ferrous  iodide,  Fel2,  is  an  important  medicinal  pre- 
paration- lt  is  easily  made  by  digesting  iodine  with  water  and 
metallic  iron  The  solution  is  pale-green,  and  yields,  on  eva- 
poration, crystals  resembling  those  of  the  chloride,  which  rapidly 
Sact  w^eXP°8UTe  r°  ah'-  £  i8  b6St  Praerved  in  .solution  in 
ana  soluble  6X0683  o(  n011—Femc  iodid^  ^o,  ™  yellowish-red 

(m?p0NlSnIDESwT^ee  0xi;IeS ^f  ir°n  are  known,  namely,  ferrous 
,,  '„  •  '  andrfe,mc  ?fde>  Fe203,  analogous  to  the  chlorides, 
;  ;  ^intermediate  ox.uV  usually  called  magnetic  iron  oxide 
" ;  '  -.g  Fe304,  or  Fe0.Fe2O,  A  trioxide,  FeO„  is  supposed 
i8°oleaS  "  a  Class      salts  vM,ld  ferrates,  but  it  lis  not  been 

J!,Tr'r  or./;'':'-'-""f  oxide>  FeO.-This  is  a  very  powerful  base, 
nnaliang  acids,  and  Lsomorphous  with  magnesia,  iinc  oxide,  &c. 
«w  almost  unknown  in  fcfie  separate  state,  from  its  extreme 
1 1  > "■"••ss  to  absorb  oxygen  and  pass  into  the  sesquioxide.  When 
s:,lt  is  na*ed  with  caustic  alkali  or  ammonia,  a,  bulky 
^uisr,  precipitate  of  ferrous  hydrate  falls,  which  becomes  nearly 
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black  when  boiled,  the  water  being  separated.  This  hydrate 
changes  very  rapidly  when- exposed  to  the  air,  becoming  green 
and  ultimately  red-brown.  The  soluble  ferrous  salts  have  com- 
monly a  delicate  pale-green  colour  and  a  nauseous  metallic 
taste. 

Sesquioxide  or  Ferric  oxide,  Fe203. — A  feeble  base,  isomorphous 
with  alumina.  It  occurs  native,  most  beautifully  crystallised,  as 
specular  iron  ore,  in  the  Island  of  Elba,  and  elsewhere  ;  also  as 
red  and  brown  hcematite,  the  latter  being  a  hydrate.  It  is  artifi- 
cially prepared  by  precipitating  a  solution  of  ferric  sulphate  or 
chloride  with  excess  of  ammonia,  and  washing,  drying,  and  ignit- 
ing the  yellowish-brown  hydrate  thus  produced  :  fixed  alkali 
must  not  be  used  in  this  operation,  as  a  portion  is  retained  by  the 
oxide.  In  fine  powder,  this  oxide  has  a  full  red  colour,  and  is 
used  as  a  pigment,  being  prepared  for  the  purpose  by  calcination 
of  ferrous  sulphate  ;  the  tint  varies  somewhat  with  the  temperature 
to  which  it  has  been  exposed.  The  oxide  is  unaltered  in  the  fire, 
although  easily  reduced  at  a  high  temperature  by  carbon  or  hydro- 
gen. It  dissolves  in  acids,  with  difficulty  after  strong  ignition, 
forming  a  series  of  reddish  salts,  which  have  an  acid  reaction  and 
an  astringent  taste.     Ferric  oxide  is  not  acted  upon  by  the 
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friferro-tetroxide,  Ferroso-ferric  oxide,  Fe304=FeO.Fe203,  also 
called  black  iron  oxide,  magnetic  oxide,  and  loadstone ;  a  natural 
product,  one  of  the  most  valuable  of  the  iron-ores,  often  found 
in  regular  octohedral  crystals,  which  are  magnetic.  It  may  be 
prepared  by  mixing  due  proportions  of  ferrous  and  feme  salts, 
precipitating  them  with  excess  of  alkali,  and  then  boiling  the 
mixed  hydrates  ;  the  latter  then  unite  to  a  black  sandy  substance, 
consisting  of  minute  crystals  of  the  magnetic  oxide.  This  oxide 
is  the  chief  product  of  the  oxidation  of  iron  at  a  high  temperature 
in  the  air  and  in  aqueous  vapour.  It  is  incapable  of  forming  defi- 
nite salts.  , 

Ferrates.— When  a  mixture  of  one  part  of  pure  ferric  oxide 
and  four  parts  of  dry  nitre  is  heated  to  full  redness  for  an  hour  m 
a  covered  crucible,  and  the  resulting  brown,  porous,  deliquescent 
mass  is  treated  when  cold  with  ice-cold  water,  a  deep  amethystine- 
red  solution  of  potassium  ferrate  is  obtained.  The  same  salt  may 
be  more  easily  prepared  by  passing  chlorine  gas  through  a  si  rong 
solution  of  potash  in  which  recently  precipitated  ferric  hydrate  is 
suspended  ;  it  is  then  deposited  as  a  black  powder,  which  may  be 
drained  upon  a  tile.  It  consists  of  K2Fe04  or  K2O.FeO,.  The 
solution  of  this  salt  gradually  decomposes,  even  in  the  cold,  and 
rapidly  when  heated,  giving  off  oxygen  and  depositing  sesquioxide. 
The  solution  of  potassium  ferrate  gives  no  precipitate  with  salts  01 
calcium,  magnesium,  or  strontium,  but  when  mixed  with  a  barium 
salt,  it  yields  a  deep  crimson,  insoluble  barium  ferrate,  BaFe04  01 
Ba6.Fe03,  which  is  very  permanent.    Neither  the  hydrogen-salt 
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or  ferric  acid,  H2Fe04,  nor  the  corresponding  anhydrous  oxide 
re03,  is  known  m  the  separate  state. 

Ferrous  Sulphate,  Fe"S04.7H90  or  FeO.SCL7H,0  -This 
beautiful  and  important  salt,  commonly  called  green  vitriol,  iron 
vitriol,  or  copperas,  may  be  obtained  by  dissolving  iron  in  dilute 
sulphuric  acid  :  it  is  generally  prepared,  however,  and  on  a  very 
large  scale,  by  contact  of  air  and  moisture  with  common  iron 
pyrites,  which,  by  absorption  of  oxygen,  readily  furnishes  the  sub- 
stance m  Question.  _  Heaps  of  this  material  are  exposed  to  the  air 
until  the  decomposition  is  sufficiently  advanced  :  the  salt  produced 
is  then  dissolved  out  by  water,  and  the  solution  made  to  crystallise 

wh  ^W,1^^6611  cr^als>.of  the  composition  above  stated; 
which  slowly  effloresce  and  oxidise  in  the  air  :  it  is  soluble  in 
about  twice  its  weight  of  cold  water.  Crystals  containing  4  and 
also  2  molecules  of  water  have  been  obtained.  Ferrous  sulphate 
onus  double  salts  with  the  sulphates  of  potassium  and  ammSm 
,Tn 1  *2(fc>04)2.6H20  and  Fe^NH^SO^etLA  isomor- 
pnous  with  the  corresponding  magnesium  salts.  " 

adding  nSU™E'f  (Fe2);(S04)3  or  Fe203.3S03,  is  prepared  by 
adding  to  a  solution  of  the  ferrous  salt  exactly  one-half  as  much 

S™:olZd  aSAahe?dj  COntainS'  "M*8Q*  liquid  to  the 

Si h V  t  7  Th  addl^10n-  The  red  U(Illid  thus  stained 
S  wlnVh  rVTratl0n  to  toynesa,  a  buff-coloured  amorphous 

C£hl  nf0l7  V6ry  dTly  When  Put  int0  wato-  With 
nonndS  °f  P^ssium  and  ammonium,  this  salt  yields  com- 
Stifl^  constitution  of  alums  ;  the  potassium 
wu,  mr  example,  has  the  composition  Fe''Tv(13CM  12H  O  Thp 

Xare  best Zt  ^  I7  ^  keepin§  in  the  ^  state'  These 
o  .tionof  f  PrepT  b/exP°?"f  to  spontaneous  evaporation  a 

ffiMsiaS^ t0  whlch  potassilun  or  ™ium 

madeToTt  f™A™>?*'WOa\.-When  dilute  cold  nitric  acid  is 
Sis  evai  °^att°n  Up°n  ir°,n  ^sulphide,  and  the  solu- 
tak  'SfefVdP°ratec  in  a  vacuum,  pale-green  and  very  soluble  crys- 
t    ,,ou?  ,„tmte  are  obtained,  which  are  very  subject  to 
t  ratio  •    W  nitrate  is  readily  formed  by  pouring  nitric  acid, 

SsoIuWp  £i  :-  U  1S  f  deep-red  aPfc  t0  deposi 

^soluble  basic  salt,  and  is  used  in  dyeing.  1,1  1 

cipItateRobLSfefrA™'-Fe/'C?8  «"  Fe"O.C02.-The  whitish  pre- 
-•i  ^nf      '  '''  y  solutions  of  ferrous  salt  and  alkaline 

aciS  ni'  lt  ;  :""l,lt  1,e  and  dried  without  losing  carbonic 

holrrn  """  '"'    TI"'H  ^ance  OCOUIS  in  ,m  In  re  as  .,,„,- 

ri  u  n  '     ore'OTT0"W  associated  with  variable  quantities  of  Sal- 

.»  d_,II;i:,ni      carbonates .  also  in  „  „„„„„„,,,„,  ,:,.„„.,,„„,. 

"Om  which  nearly  all  the  British  ironismade.    it  is  often  found 
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in  mineral  waters,  being  soluble  in  excess  of  carbonic  acid  :  such 
waters  are  known  by  the  rusty  matter  they  deposit  on  exposure 
to  the.  air.    No  ferric  carbonate  is  known. 
The  phosphates  of  iron  are  all  insoluble. 

Iron  Sulphides.-  —Several  compounds  of  iron  and  sulphur  are 
described  :  of  these  the  two  most  important  are  the  following. 
The  monosulphide,  or  ferrious  sulphide,  FeS,  is  a  blackish  brittle 
substance,  attracted  by  the  magnet,  formed  by  heating  together 
iron  and  sulphur.  It  is  dissolved  by  dilute  acids,  with  evolution 
of  sulphuretted  hydrogen  gas,  and  is  constantly  employed  for 
that  purpose  in  the  laboratory,  being  made  by  projecting  into 
a  red-hot  crucible  a  mixture  of  2^  parts  of  sulphur  and  4  parts  of 
iron  filings  or  borings  of  cast  iron,  and  excluding  the  air  as  much 
as  possible.  The  same  substance  is  formed  when  a  bar  of  white- 
hot  iron  is  brought  in  contact  with  sulphur.  The  bisulphide, 
FeS2,  or  iron  pyrites,  is  a  natural  product,  occurring  in  rocks  of 
all  ages,  and  evidently  formed  in  many  cases  by  the  gradual  de- 
oxidation  of  ferrous  sulphate  by  organic  matter.  It  has  a  brass- 
yellow  colour,  is  very  hard,  not  attracted  by  the  magnet,  and  not 
acted  upon  by  dilute  acids.  When  it  is  exposed  to  heat,  sulphur 
is  expelled,  and  an  intermediate  sulphide,  Fe3S4,  analogous  to  the 
black  oxide,  is  produced.  This  substance  also  occurs  native,  under 
the  name  of  magnetic  pyrites.  Iron  pyrites  is  the  material  now 
chiefly  employed  for  the  manufacture  of  sulphuric  acid ;  for  this 
purpose  the  mineral  is  roasted  in  a  current  of  air,  and  the  sul- 
phurous acid  formed  is  passed  into  the  lead  chambers ;  the  re- 
sidue consists  of  iron  oxide,  frequently  containing  a  quantity  of 
copper  large  enough  to  render  the  extraction  of  that  metal  re- 
munerative. 

Compounds  of  iron  with  phosplwrus,  carbon,  and  silicium  exist, 
but  little  is  known  respecting  them  in  a  definite  state.  The  car- 
bonide  is  contained  in  cast  iron  and  in  steel,  to  which  it  communi- 
cates ready  fusibility ;  the  silicium  compound  is  also  found  in 
cast  iron.  Phosphorus  is  a  very  hurtful  substance  in  bar  iron,  as 
it  renders  it  brittle  or  cold-short. 


Eeactions  op  Iron  Salts. — Ferrous  salts  are  thus  distin- 
guished : 

Caustic  alkalis,  and  ammonia,  give  nearly  white  precipitates,  in- 
soluble in  excess  of  the  reagent,  rapidly  becoming  green,  and  ulti- 
mately brown,  by  exposure  to  air.  The  carbonates  of  potassium, 
sodium,  and  ammonium  throw  down  whitish  ferrous  carbonate, 
also  very  subject  to  change.  Hydrogen  sulphide  gives  no  preci- 
pitate, but  ammonium  sutpMde  throws  down  black  ferrous  sul- 
phide, soluble  in  dilute  acids.  Potassium  ferrocyanide  gives  a 
nearly  white  precipitate,  becoming  deep-blue  on  exposure  to  air  ; 
tlic  ferricyanide  gives  at  once  a  deep  blue  precipitate. 
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Ferric  salts  are  thus  characterised  : 

Cautic  fixed  alkalis  and  ammonia,  give  foxy-red  precipitates  of 
iemc  hydrate,  insoluble  m  excess.  1 

The  carbonates  behave  in  a  similar  manner,  the  carbonic  acid 
escaping.  lbiU 

f yriropn  sulphide  gives  a  nearly  white  precipitate  of  sulphur 
and  reduces  the  sesqmoxide  to  monoxide.    Ammonium  sulphide 
gives  a  black  precipitate,  slightly  soluble  in  excess.  PoSlZ 
Jerrocywmde  yields  Prussian  blue.    Tincture  or  infusion  of  3 
«•*  strikes  intense  bluish-black  with  the  most  dilute  so  uSons  f 


Iron  manufacture—This  most  important  branch  of  industry 
consists,  as  now  conducted,  of  two  distinct  parts-viz,  the  produc- 
tion from  the  ore  of  a  fusible  carbonide  of  iron,  and  the  subsequent 
JaSSon.  0fthecarb0nide'-d  ^S  conversion  into  pure  S 

The  clay-iron  ore  is  found  in  association  with  coal,  forming  thin 
beds  or  nodules:  it  consists,  as  already  mentioned,  oHerrouS 

So  vrLT^f}  I01"75"  S°metimeS  Ume  and  ^gnesia  a?e 

also  present.    It  is  broken  m  pieces,  and  exposed  to  heat  in  i 
furnace  resembhng  a  lime-kiln, 
by  which  the  water  and  carbonic  FlV  ^ 

acid  are  expelled,  and  the  ore  ren- 
dered dark-coloured,  denser,  andalso 
magnetic :  it  is  then  ready  for  reduc- 
tion.   The  furnace  in  which  this 
operation  is  performed  is  usually 
ot  very  large  dimensions,  50  feet 
OT  more  m  height,  and  constructed 
ot  brickwork  with  great  solidity, 
the  interior  being  lined  with  ex- 
cellent fire-bricks  :  the  shape  will 
oe  understood  from  the  section 
Shown  in  fig.  144.    The  furnace  is 
dose  at  the  bottom,  the  fire  beincr 
maintained  by  a  powerful  artificial 
blast  introduced  by  two  or  three 
We-ptp«s,as  shown  in  the  section. 
AAe  materials,  consisting  of  due 
P?°P0rtl0M  of  coke  or  carbonised 
coal  roasted  ore,  and  limestone,  ore 
constantly  .supplied  from  the  top, 
■ 1,1  operation  proceeding  continu- 

*2|3S  'IS', da7r'         fOT         ov  ™M  I"  Mg* 

t       1      "I  »r -    In  the  upper  part  of  the  furnace,  where  the 

.ij,,,,-"    Vs  f"',lIv"ry  W  and  where  combustible  gases 
"•ml,  the  iron  of  the  om  is  probably  reduced  to  the  metallic 
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state,  being  disseminated  through  the  earthy  matter  of  the  ore.  As 
the  whole  sinks  down  and  attains  a  still  higher  degree  of  heat,  the 
iron  becomes  converted  into  carbonide  by  cementation,  while  the 
sdica  and  alumina  unite  with  the  lime,  purposely  added,  to  a  kind 
of  glass  or  slag,  nearly  free  from  iron  oxide.    The  carbonide  and 
slag,  both  in  a  melted  state,  reach  at  last  the  bottom  of  the  furnace, 
where  they  arrange  themselves  in  the  order  of  their  densities: 
the  slag  flows  out  at  certain  apertures  contrived  for  the  purpose, 
and  the  iron  is  discharged  from  time  to  time,  and  suffered  to  run 
into  rude  moulds  of  sand  by  opening  an  orifice  at  the  bottom  of 
the  recipient,  previously  stopped  with  clay.    Such  is  the  origin  ol 
crude,  cast,  or  pig  iron,  of  which  there  are  several  varieties,  distin- 
guished by  differences  of  colour,  hardness,  and  composition,  and 
known  by  the  names  of  grey,  black,  and  white  iron.    The  first  is 
for  most  purposes  the  best,  as  it  admits  of  being  filed  and  cut  with 
perfect  ease.    The  black  and  grey  kinds  probably  contain  a 
mechanical  admixture  of  graphite,  which  separates  during  solidi- 
fication. *ii 
A  great  improvement  has  been  made  in  the  above-described 
process,  by  substituting  raw  coal  for  coke,  and  blowing  hot  an- 
instead  of  cold  into  the  furnace.    This  is  effected  by  causing  the 
air,  on  leaving  the  blowing-machine,  to  circulate  through  a  system 
of  red-hot  iron  pipes,  until  its  temperature  becomes  high  enough 
to  melt  lead.    This  alteration  has  already  effected  a  prodigious 
saving  in  fuel,  without,  it  appears,  any  injury  to  the  quality  of 
the  product. 

The  conversion  of  cast  into  bar  iron  is  effected  chieny  by  an 
operation  called  puddling;  previous  to  which,  however,  it  com- 
monlv  undergoes  a  process  called  refining.    It  is  remelted,  in  con- 
tact with  the  fuel,  in  small  low  furnaces  called  refineries,  while  air 
is  blown  over  its  surface  by  means  of  twyeres.    The  effect  of  this 
operation  is  to  deprive  the  iron  of  a  gTeat  part  of  the  carbon  and 
silicium  associated  with  it.    The  metal  thus  purified  is  run  out 
into  a  trench,  and  suddenly  cooled,  by  which  it  becomes  white, 
crystalline,  and  exceedingly  hard :  in  this  state  it  is  called  fine 
metal.    The  puddling  process  is  conducted  in  an  ordinary  rever- 
beratory  furnace,  into  which  the  charge  of  fine  metal  is  introduced 
by  a  side  aperture.    This  is  speedily  melted  by  the  flame,  and  its 
surface  covered  with  a  crust  or  oxide.    The  workman  then,  by 
the  aid  of  an  iron  tool,  diligently  stirs  the  melted  mass,  so  as 
intimately  to  mix.  the  oxide  with  the  metal :  he  now  and  then  also 
throws  in  a  little  water,  with  the  view  of  promoting  more  rapid 
oxidation.    Small  jets  of  blue  flame  soon  appear  upon  the  surface 
of  the  iron,  and  the  latter,  after  a  time,  begins  to  lose  its  fluidity 
and  acquires,  in  succession,  a  pasty  and  a  granular  condition,  m 
this  point  the  fire  is  strongly  urged,  the  sandy  particles  once  more 
cohere  and  the  contents  of  the  furnace  now  admit  of  being  tormea 
into  several  large  balls  or  masses,  which  are  then  withdrawn,  ana 
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placed  under  an  immense  hammer,  moved  by  machinery  by 
which  each  becomes  quickly  fashioned  into  a  rude  bar.  This  is 
reheated,  and  passed  between  grooved  cast-iron  rollers,  and  drawn 
out  into  a  long  bar  or  rod.  To  make  the  best  iron,  the  bar  is  cut 
into  a  number  of  pieces,  which  are  afterwards  piled  or  bound 
together,  again  raised  to  a  welding  heat,  and  hammered  or  rolled 
mto  a  smgle  bar;  and  this  process  of  piling  or  fagoting  is  sonie- 
th^reh  W1Ce  °r  thriCe  repeated' the  h'on  becoming  greatly  improved 
The  general  nature  of  the  change  in  the  puddling  furnace  is  not 
difficult  to  explain.  Cast  iron  consists  essentially  of  iron  in  com- 
bination with  carbon  and  silicium.  When  strongly  heated  with 
uoii  oxide,  those  compounds  undergo  decomposition,  the  carbon 
and  silicium  becommg  oxidised  at  the  expense  of  the  oxyoen  of 
If6.0^-  ^  this  change  takes  place,  the  metal  gradually  loses 
its  iusibihty,  but  retains  a  certain  degree  of  adhesiveness,  so  that 
when  at  last  it  comes  under  the  tilt-hammer,  or  between  the 
rollers  the  particles  of  iron  become  agglutinated  into  a  solid  mass, 

*parated  1       7  t&  °f  ^  s1ueezed  out  and 

ATI  these  processes  are,  in  Great  Britain,  performed  with  coal 
or  coke;  but  the  iron  obtained  is,  in  many  respects,  inferior  to 
that  made  m  Sweden  and  Russia  from  the  magnetic  oxide,  by  the 
use  of  wood  charcoal-a  fuel  too  dear  to  be  extensively  employed 
coal  UOn  iS'  noweTer>  sometimes  made  with  char- 

Steel— A_  very remarkable  and  most  useful  substance,  prepared 
»£H;m£  T?  "V  conta,ct  Wdth  cb-arcoal.  Bars  of  Swedish  iron 
cruribS  w  f  C°al  V°W,deT'  contained  m  a  large  rectangular 
™,™      i  /St  01  80me  8ubstance  capable  of  resisting  the  fire, 

hecoS  t    f  OTCimistances,  from  1-3  to  1-7  per  cent,  of  carbon, 
£5  na£der>  and  at  the  same  time  fusible,  with  a  certain 
6Ver'  °f  ^mty.    The  active  agent  in  this 
Ei  t     Pr°CeSKi1S  Pp0lf-bly  Carbon  monoxide :  the  oxygen  of 

tanSe  whS  CTOCrb  °°mbme8  With  the  Carbon  to  form  that  sub- 
half  'f  i  I  aft™rda  ^composed  by  the  heated  iron,  one- 
divide  it.  f  nibf,ng  abstracted  by  the  latter.  The  carbon 
the  c  IS  l     TGd  takn68  Up  an  additional  close  of  carbon  from 

he  £  V  ,  a?a11?  becomes  monoxide,  the  oxygen,  or  rather 
nil  tT^'  a?tmg  ,aS  a  carrier  between  the  charcoal  and 
from iSr'w  f     F     !lct  °f  this  °Peration  is  called  blistered  steel, 

s  Ifi,™  !  6red  and  nrough  appearance  of  the  bars  :  the  texture 
these  ™Provec  and  equalised  by  welding  a  number  of 

hammer      geUlCr'  and  drawing  the  whole  out  under  a  light  tilt- 

.  S°me  chemists  have  recently  asserted  that  nitrogen  is  necessary 
wr  the  production  of  steel,  and  have,  in  fact,  attributed  to  its  pre- 
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sence  the  peculiar  properties  of  this  material ;  others,  again,  have 
disputed  this  assertion,  and  believe  that  the  transformation  of  iron 
into  steel  depends  upon  the  assimilation  of  carbon  only ;  experi- 
mentally, the  question  remains  undecided. 

Excellent  steel  is  obtained  by  fusing  grey  cast  iron  with  tungstic 
oxide ;  the  carbon  of  the  iron  reduces  the  tungstic  oxide  to 
tungsten,  Which  forms  with  the  iron  an  alloy  possessing  the 
properties  of  steel.  The  quantity  of  tungsten  thus  absorbed  by 
the  iron  is  very  small,  and  some  chemists  attribute  the  properties 
of  the  so-called  tungsten  steel  to  the  general  treatment  rather  than 
to  the  presence  of  tungsten. 

The  most  perfect  kind  of  steel  is  that  which  has  undergone 
fusion,  having  been  cast  into  ingot-moulds,  and  afterwards  ham- 
mered :  of  this  all  fine  cutting  instruments  are  made.  It  is  diffi- 
cult to  forge,  requiring  great  skill  and  care  on  the  part  of  the 
operator. 

Steel  may  also  be  made  directly  from  some  particular  varieties 
of  cast  iron,  as  that  from  spathose  iron  ore  containing  a  little 
manganese.  The  metal  is  retained,  in  a  melted  state,  on  the 
hearth  of  a  furnace,  while  a  stream  of  air  plays  upon  it,  and  causes 
partial  oxidation :  the  oxide  produced  reacts,  as  before  stated,  on 
the  carbon  of  the  iron,  and  withdraws  a  portion  of  that  element. 
When  a  proper  degree  of  stiffness  or  pastiness  is  observed  in  the 
residual  metal,  it  is  withdrawn,  and  hammered  or  rolled  into  bars. 
The  wootz,  or  native  steel  of  India,  is  probably  made  in  this 
manner.  Annealed  cast  iron,  sometimes  called  run-steel,  is  now 
much  employed  as  a  substitute  for  the  more  costly  products  of  the 
forge :  the  articles  when  cast,  are  imbedded  in  powdered  iron  ore, 
or  some  earthy  material,  and,  after  being  exposed  to  a  moderate 
red  heat  for  some  time,  are  allowed  to  cool  slowly,  by  which  a 
very  great  degree  of  softness  and  malleability  is  attained.  It  is 
very  possible  that  some  little  decarbonisation  may  take  place 
during  this  process. 

Bessemer  steel  is  produced  by  forcing  atmospheric  ah-  into  melted 
cast-iron.  The  carbon  being  oxidised  more  readily  than  the  iron, 
it  is  converted  into  carbon  monoxide,  which  escapes  in  a  sufficiently 
heated  state  to  take  fire  on  coming  in  contact  with  atmospheric  air. 
Considerable  heat  is  generated  by  the  oxidation  of  the  carbon  and 
iron,  so  that  the  temperature  is  kept  above  the  melting  point  of 
steel  during  the  whole  of  the  operation.  When  the  decarburatioii 
has  been  carried  far  enough,  the  current  of  air  is  stopped,  and  a 
small  quantity  of  white  pig-iron,  containing  a  large  amount  of 
manganese,  is  dropped  into  the  liquid  metal.  This  serves  to  facili- 
tate the  separation  of  any  gas  retained  with  the  melted  metal, 
which,  after  a  few  minutes'  rest,  is  run  into  ingot-moulds. 

The  most  remarkable  property  of  steel  is  that  of  beconring  ex- 
ceedingly hard  when  quickly  cooled.  When  heated  to  redness, 
and  suddenly  quenched  in  cold  water,  steel,  in  fact,  becomes  capable 
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of  scratching  glass  with  facility:  if  reheatpd  tn  ^,1™^  , 
more  left  to  cool  slowly,  it  ^ieV^ti^^l^ 
iron;  and  between  these  two  conditions  any reaui rri \Z  I 

proper  temper  for  Razors  thTt  J  ?  ^  C°  0Ur'  §'ives  the 
comprised  /etween  24^6.  Sd  ^TSr&7^  ft  ? 
indicated  by  a  full-yellow  or  brown  tint     2w    i       ^  and,18 

deep  Hue.   Attention  u fZJ'K "  "f  the  8urface 
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Atomic  weight,  58-8;  symbol,  Ni. 


°f  detraction,  havln >  1 £  rt^iT??  m"°^  is  a  te™ 

what  wicked  upfn'aTa  kmX S  ^  ^  te 

As^eX1'  the  called 

4te  I^rSras     the  ?xaiatr to  a  ^  white 

oxides  by  means  fSo^f  Tft01  by  reducinS  0I'e  of  the 
^Heal/e  metal  SLffiSBi^^^?^  ■ 
a  less  degree  of  oxidal,  ffitvXS  *         '      g   meItl"«  Point>  and 
^  dilute  acids.    S     i  thJL  nT'  Smce  lfc  ia  but  ™  attacked 
l'r;rty  when  heated  to  350'         8  Y  maSnetlc>  b^  loses  this  pro- 

il  Sfafc,^ irC^'S * r^an«!  C°balt>  -  regarded  as 
lent>  and  no  oxLZR^Z t  c*  ',r?'\">  which  it  is  biva- 

Nrru-i-r  r.  ■"ulugous  to  the  ferric  salts. 

hickel  Chloride  Ni'Tl     th  • 
?y  dissolving  oxidp  '       v2'~.     ,  compound  is  easily  prepared 

CoW  ,(ltlhlinin;; ^tttab  crystals  of  the  same 
*loride  is  v,.||„u  ,  '  .fUI"'"''"^;n'1|  anhydrous  by  heat,  the 
"<".  of  green       *  lfc  conta»'s  cobalt,  in  whirl,  case  U  has  a 
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Nickel  Oxides.— Nickel  forms  two  oxides  analogous  to  the  two 
principal  oxides  of  iron.  . 

The  monoxide,  Ni"0,  is  prepared  by  heating  the  nitrate  to  red- 
ness or  by  precipitating  a  soluble  nickel  salt  with  caustic  potash, 
and  washing,  drying,  and  igniting  the  apple-green  hydrated  oxide 
thrown  down.  It  is  an  ashy-grey  powder,  freely  soluble  m  acids, 
which  it  completely  neutralises,  forming  salts  isomorphous  with 
those  of  magnesium  and  the  other  members  of  the  same  group. 
Nickel  salts"  when  hydrated,  have  usually  a  beautiful  emerald- 
oreen  colour ;  in  the  anhydrous  state  they  are  yellow. 
°  The  sesquioxide,  Ni203,  is  a  black  insoluhle  substance,  prepared 
by  passing  chlorine  through  the  hydrated  monoxide  suspended  m 
water ;  nickel  chloride  is  then  formed,  and  the  oxygen  of  the  oxide 
decomposed  is  transferred  to  a  second  portion.  It  is  also  produced 
when  a  salt  of  nickel  is  mixed  with  a  solution  of  bleaching-powder. 
The  sesquioxide  is  decomposed  by  heat,  and  evolves  chlorine  when 
treated  with  hot  hydrochloric  acid. 

Nickel  Sulphate,  NiS04. 7H20.— This  is  the  most  important 
of  the  nickel  salts.  It  forms  green  prismatic  crystals,  which  require 
3  parts  of  cold  water  for  solution.  Crystals  with  six  molecules  of 
water  have  also  been  obtained.  It  forms  with  the  sulphates  of 
potassium  and  ammonium  beautiful  double  salts,  Ni"K2(S04)2. 
6H20,  and  Ni'/(NH4)2(S04)3.6H20,  isomorphous  with  the  corres- 
ponding magnesium  salts.  _  i 
"When  a  strong  solution  of  oxalic  acid  is  mixed  with  sulphate  ol 
nickel,  a  pale  bluish-green  precipitate  of  oxalate  falls  after  some 
time,  very  little  nickel  remaining  in  solution.  The  oxalate  can 
thus  be  obtained  for  preparing  the  metal. 

Nickel  Carbonate.  NiC03— When  solutions  of  nickel  sul- 
phate or  chloride  and  of  sodium  carbonate  are  mixed,  a  pale-green 
precipitate  falls,  which  is  a  combination  of  nickel  carbonate  and 
hydrate.    It  is  readily  decomposed  by  heat. 

Pure  nickel-salts  are  conveniently  prepared  on  the  small  scale 
from  crude  speiss  or  kupfernickel  by  the  following  process :— Ihe 
mineral  is  broken  into  small  fragments,  mixed  with  from  one-fourth 
to  half  its  weight  of  iron  filings,  and  the  whole  dissolved  m  mtro- 
muriatic  acid.  The  solution  is  gently  evaporated  to  dryness,  the 
residue  treated  with  boiling  water,  and  the  insoluble  iron  arsenate 
removed  by  a  filter.  The  liquid  is  then  acidulated  with  hydro- 
chloric acid,  treated  with  hydrogen  sulphide  in  excess,  which  pre- 
cipitates the  copper,  and,  after  filtration,  boiled  with  a  httlenitru' 
acid  to  bring  back  the  iron  to  the  state  of  sesquioxide.  To  the 
cold  and  largely  diluted  liquid  solution,  acid  sodium  carbonate  is 
gradually  added,  by  which  the  ferric  oxide  may  be  completely 
separated  without  loss  of  nickel-salt.  Lastly,  the  filtered  solution, 
boiled  with  sodium  carbonate  in  excess,  yields  an  abundant  paie- 
ereen  precipitate  of  nickel  carbonate,  from  which  all  the  othei 
compounds  may  be  prepared. 
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The  precipitate  thus  obtained  may  still,  however  contain  mh.n 
the  separation  of  which  is  not  very  easy     S! iS.  t 

he  cobalt  monoxide  is  converted  into  sesqnioxide,  while he  3 
monoxide  remains  unaltered.    The  liquid  is  next  j^St 

ess  ot  recently  precipitated  barium  carbonate,  eftlo  stand  for 
twelve  to  eighteen  hours,  and  shaken  up  from  t  me  to  tim  *  The 

re ^nt:1""118  m  ™U  Sensed  by  their  behaviour  with 
-'-ionsno^hateTftt 

""1  in  hot  nilric  ae!d        l0nCaCld;  ltlssoIuble  in  nitromuriatic 

^^'S.S^^S^1  is  *       P-P-tion  of  a 
her  lmJr T  German  silver,  made  by  meltine 
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^el^toftenZdS  TZ  W*8'  a  close  semblance 

1  l*  sss^s^ss^^ 


to 
be 
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A  cobalt-salt  free  from  nickel  may  be  prepared  by  Bo^JFJ 
cess  just  described.  Tbe  precipitate,  consisting  of ^cobalt  t esqui- 
oxide  mixed  with  barium  carbonate,  is  boiled  with  hydiocMonc 
xctd  to  reduce  the  cobalt  sesquioxide  to  monoxide,  and  dissolve  it 
^  ohloride^ether  with  the  barium.  The  latter  metal  is  then 
SecSed  by  sulphuric  acid,  and  from  the  filtered  liquid  the 
Kb  may  be  precipitated  as  hydrate  by  potash  A  solution  oi 
cobalt  freJfrom  the  nickel  may  also  be  obtained  by  precipitator 
SSS^Son  with  oxalic  acid,  the  whole  of  the  mckel  » 
thereby  precipitated,  together  with  a  small  portion  ot  the  cobalt, 
leaving  pure  cobalt  in  solution.  .  .„ 

Cobalt  is  a  white,  brittle,  very  tenacious  metal,  having  a  specific 
Jritv  of  8-5  and  a  very  high  melting-point.  It  is  unchanged  m 
tTal/andbut telly  attacked  by  dilute  hydrochloric  and  sul- 
nhuric  acids.    It  is  strongly  magnetic. 

1  Co  lab  forms  two  classes  of  salts,  analogous  m  composition  to 
the  ferrous  and  ferric  salts;  but  the  cobaltic  salts,  in  which  the 
metal  is  apparently  trivalent,  are  very  unstable. 

Chlorides.— The  dichloride  or  Cobaltous  chloride,  Co''Cl2,  is 
easily  prepared  by  dissolving  the  oxide  in  hydrochloric  acid ;  or  it 
may  be  prepared^rectly  from  cobalt-glance  the  native  arsen  d  , 
bv  a  process  exactly  similar  to  that  described  in  the  case  of  nickel. 
It  foiSs  a  deep  rose-red  solution,  which,  when  sufficiently .stamgj 
deposits  hydrated  crystals  of  the  same  colour ;  when  the  liquid  d 
evwoSted  by  heat  to  a  very  small  bulk,  it  deposits  anhydrous 
c3f  which  are  blue :  these  latter  by  contact  with  water  again 
Solve  to  a  red  liquid.    A  dilute  solution  °\ ^.^^n  j 
stitutes  the  well-known  blue  sympathetic  vnk:  characters  viitten  on 
paper  wiK  liquid  are  invisible  from  their  paleness  of  colour, 
until  the  salt  has  been  rendered  anhydrous  by  exposure  to  Ik.  . 
Then  the  letters  appear  blue.    On  laying  it  aside,  moisture .  - 
sorbed,  and  the  writing  once  more  disappears     Green  sympathetic 
ink  is  a  mixture  of  the  chlorides  of  cobalt  and  nickel. 

The  trichloride,  or  Cobaltic  chloride,  Co2Clc,  is  obtained  m  a 
tion  by  dissolving  the  sesquioxide  in  hydrochloric  acid,  am 
small  quantity  by  saturating  a  solution  of  the  dichloride  vn A 
chlorine  gas.     The  liquid  has  .a  dark-brown  colour, Jut  ««g 
decomposes,  giving  off  cldorine  and  leaving  the  rose-coloi 
dichloride.  . 

Oxides.— Cobalt  forms  two  oxides  analogous  to  those  oi  nickel, 
also  two  or  three  of  intermediate  composition,  but  not  verj  wei 
defined.  The  monoxide,  or  Cobaltous  oxide,  Co"0,  is  a  grey  l^ar, 
very  soluble  in  acids,  and  is  a  strong  base,  isomorphous  wi h  mi 
nesia  affording  salts  of  a  fine  red  tint  It  is  prepared  by  precipi 
ting tbaltous  sulphate  or  chloride  with  solium  eai 'bona  e  > 
2M  drying,  and  igniting  the  precipitate.  When  the  col  . 
J&HKl  wit^caustic  potash.  aWtiful  blue  precipi 
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(alls,  which,  when  heated,  becomes  violet-  ar>rl  of  u  v 

of  iron,  is  fZed  2enco^0^T  *°  ^  ma^6tic  oxide 
cobaltic  oxide,  is  heated  S  ^w?0*^  OT  V^ated 

Fremy  it  is  a  salifiaSe  has?  ^  the  ^    Acc°rding  to 

with  potassium  n^ate  iTl^H  0T  sesc  ™le 

ing,  according  to  Lhw^^^Oo  0^3  ^  """^ 

identical  in  formtvith  thoToLl  j.V    °f  5°?  Water:  theJ  ^ 

1 1  molecule  6.?>oWe»  of  aannoui, 

"'"""^  the  compound  cS    S  chIon1de.  ^th  ammonia-gas, 

°Yosfnedatthe^^  ","":","n" (iiffcrent  b— > 

iS'uES  ^'"""---'-a  salts  are  ,.„„„,„„.,,  of 

"  ??mPOBition  ()| ■  m'p  „  V m°lecule8  of  ammonia. 
I,l,,|"l";.-i..tl.c.i-„ll„« ■         ,C     may  be  Nturtrated  by  the 
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Tetranmionio-cobaltic  chloride,       .       .  Co2Clc.  4^H3 

Hexammonio-cobaltic  chloride,  .  .  Co2Cl0.  6r>H3 
Octammonio-cobaltic  (or  fusco-cobaltic) 

chloride,  .  .  •  •  •  •  Co2Clc.  8.NH3 
Decamrnonio-cobaltic  (roseo-  and  pur- 

pureo-cobaltic)  chloride,  .  •  •  Co2Cl0. 10NH3 
Dodecaminonio-cobaltic  (or  luteo-cobaltic) 

chloride,      .       ...       •      •       •  Co2C10.121nH3. 

The  formula?  of  the  corresponding  normal  nitrates  are  deduced 
from  the  preceding  by  substituting  N03  for  CI;  those  of  the  sul- 
phates, oxalates,  and  other  bibasic  salts,  by  substitutmg  S04,  C204, 
&c.  for  CL.  Thus  decammonio-cobaltic  sulphate  =  Co2(S04)3. 
10NH  .  There  are  also  several  acid  and  basic  salts  of  the  same 
ammonia-molecules.  Further,  there  is  a  class  of  salts  containing 
the  elements  of  nitrogen  dioxide  or  nitrosyl,  NO,  in  addition  to 
ammonia  e  g.,  decammonio-nitroso-cobaltic  or  xantlw-cobaltic  oxy- 
cMoride,  Co2Cl4O.10NH3.N2O2.  Lastly,  Fremy  has  obtained  ami 
moniacal  compounds  (oxycobaltic  salts)  containing  salts  ot  cobalt 
corresponding  to  the  dioxide* 

Cob  alto  us  salts  have  the  following  characters  :— 
Solution  of  potash  gives  a  blue  precipitate,  changing  by  heat  to 
violet  and  red.  Ammonia  gives  a  blue  precipitate,  soluble  with 
difficulty  in  excess,  with  brownish-red  colour.  Sodium  carbonate 
affords  a  pink  precipitate.  Ammonium  carbonate,  a  similar  com- 
pound, soluble  in  excess.  Potassium  ferrocyanide  gives  a  greyish- 
green  precipitate.  Potassium  cyanide  affords  a  yellowish-brown 
precipitate,  which  dissolves  in  an  excess  of  the  precipitant.  The 
clear  solution,  after  boiling,  may  be  mixed  with  hydrochloric  acid 
without  giving  a  precipitate.  Hydrogen  sulphide  produces  no 
change,  if  the  cobalt  be  in  combination  with  a  strong  acid. 
Ammonium  sulphide  throws  down  black  sulphide  of  cobalt,  insol- 
uble in  dilute  hydrochloric  acid. 

Cobaltic  salts,  formed  by  dissolving  cobaltic  oxide  in  acids, 
give,  with  potash,  a  dark-brown  precipitate  of  hydrated  cobaltic 
oxide ;  with  ammonia,  a  brownish-red  solution ;  with  the  fixed 
alkaline  carbonates,  a  green  solution,  which  deposits  a  small  quan- 
tity of  cobaltic  oxide  ;  with  ammonium  sulphide  (after  saturation 
of  the  free  acid  by  ammonia),  a  black  precipitate. 

Oxide  of  cobalt  is  remarkable  for  the  magnificent  blue  colour 
it  communicates  to  glass :  indeed,  this  is  a  character  by  which  its 
presence  may  be  most  easily  detected,  a  very  small  portion  of  the 

*  For  the  preparation  and  properties  of  all  these  salts,  see  Watts* 
"Dictionary  of  Chemistry,"  vol.  i.  p.  1051,  and  Supplement,  p.  479.  -I "en 
rational  formulce  are  similar  to  those  of  the  ammoniacal  platinum  salts 
(p.  i27). 
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substance  to  be  examined  being  fused  with  borax  on  a  loop  of 
platinum  wire  before  the  blowpipe ;  the  production  of  this  colour 
both  in  the  inner  and  in  the  outer  flame  distinguishes  cobalt  from 
all  other  metals. 

The  substance  called  smalt,  used  as  a  pigment,  consists  of  glass 
coloured  by  cobalt :  it  is  thus  made : — The  cobalt  ore  is  roasted 
until  nearly  free  from  arsenic,  and  then  fused  with  a  mixture  of 
potassium  corbonate  and  quartz-sand,  free  from  oxide  of  iron. 
Any  nickel  that  may  happen  to  be  contained  in  the  ore  then  sub- 
sides to  the  bottom  of  the  crucible  as  arsenide :  this  is  the  speiss  of 
which  mention  has  already  been  made.  The  glass,  when  complete, 
is  removed  and  poured  into  cold  water :  it  is  afterwards  ground  to 
powder  and  elutriated.  Cobalt-ultramarine  is  a  fine  blue  colour 
prepared  by  mixing  16  parts  of  freshly  precipitated  alumina  with 
2  parts  of  cobalt  phosphate  or  arsenate :  this  mixture  is  dried  and 
slowly  heated  to  redness.  By  daylight  the  colour  is  pure  blue, 
but  by  artificial  light  it  is  violet.  A  similar  compound,  of  a  fine 
green  colour,  is  formed  by  igniting  zinc  oxide  with  cobalt-salts. 
Zaffer  is  the  roasted  cobalt  ore  mixed  with  siliceous  sand,  and 
reduced  to  fine  powder ;  it  is  used  in  enamel  painting.  A  mixture 
in  due  proportions  of  the  oxides  of  cobalt,  manganese,  and  iron  is 
used  for  giving  a  fine  black  colour  to  glass.  . 


MANGANESE. 

Atomic  weight,  55  ;  symbol,  Mn. 

Manganese  is  tolerably  abundant  in  nature  in  an  oxidised  state, 
Lorraine,  or  entering  into  the  composition  of,  several  interesting 
minerals.  Traces  of  this  substance  are  very  frequently  found  ill 
the  ashes  of  plants. 

Metallic  manganese,  or  perhaps,  strictly,  manganese  carbonide, 
may  be  prepared  by  the  following  process :— The  carbonate  is 
calcined  in  an  open  vessel,  by  which  it  becomes  converted  into  a 
dense  brown  powder:  this  is  intimately  mixed  with  a  little  char- 
coal, and  about  one-tenth  of  its  weight  of  anhydrous  borax.  A 
cuarcoal  crucible  is  next  prepared  by  filling  a  Hessian  or  Cornish 
crucible  with  moist  charcoal  powder,  introduced  a  little  at  a  time, 
ami  rammed  as  hard  as  possible.  A  smooth  cavity  is  then  scooped  in 
me  centre,  into  which  the  above-mentioned  mixture  is  compressed, 
2  covered  with  charcoal  powder.  The  lid  of  the  crucible  is  then 
nxecl   and  the  whole  arranged  in  a  very  powerful  wind-furnace. 

"  ls  A<)wly  raised  until  the  crucible  becomes  red-hot,  after 
wnicn  it  is  urged  to  its  maximum  for  an  hour  or  more.  When 
cold,  the  crucible  is  broken  up,  and  the  metallic  button  of  manga- 
nese  extracted. 

Deville  has  lately  prepared  pure  manganese  by  reducing  pure 
manganese  oxide  with  an  insufficient  quantity  of  sugar  charcoal  in 
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a  crucible  made  of  caustic  lime.  Thus  prepared,  metallic  man- 
ganese possesses  a  reddish  lustre  like  bismuth :  it  is  very  hard  and 
brittle,  and,  when  powdered,  decomposes  water,  even  at  the  lowest 
temperature.  Dilute  sulphuric  acid  dissolves  it  with  great  energy, 
evolving  hydrogen.  Brunner  produced  metallic  manganese  from 
anangane.se  and  sodium  fluoride  by  means  of  sodium.  The  metal 
obtained  by  this  process  scratches  glass  and  hardened  steel,  and 
has  a  specific  gravity  of  7'13. 

Manganese,  from  its  general  relations  to  the  metals  of  the  iron 
group,  is  usually  regarded  as  a  tetrad,  forming  a  dichloride  and 
trichloride  analogous  to  the  iron  chlorides,  together  with  oxides 
and  other  compounds  of  corresponding  constitution.    It  is  also 

MnCL- 

said  to  form  a  heptachloride,  Mn„Cl14,  or    I      ,  according  to  which 

MnCl7 

it  should  be  regarded  as  an  octad ;  but  the  composition  of  this 
compound  is  not  very  well  established. 

Manganese  Chlorides. — The  dichloride  or  Manganous  chloride 
may  be  prepared  in  a  state  of  purity  from  the  dark  brown  liquid 
residue  of  the  preparation  of  chlorine  from  manganese  dioxide  and 
hydrochloric  acid,  which  often  accumulates  in  the  laboratory  to  a 
considerable  extent  in  the  course  of  investigation :  from  the  pure 
chloride,  the  carbonate  and  all  other  salts  can  be  conveniently 
obtained.  The  liquid  referred  to  consists  chiefly  of  the  mixed 
chlorides  of  manganese  and  iron ;  it  is  filtered,  evaporated  to  per- 
fect dryness,  and  the  residue  is  slowly  heated  to  dull  ignition 
in  an  earthen  vessel,  with  constant  stirring.  The  iron  chloride  is 
thus  either  volatilised,  or  converted  by  the  remaining  water  into 
insoluble  sesquioxide,  while  the  manganese  salt  is  unaffected.  On 
treating  the  greyish-looking  powder  thus  obtained  with  water,  the 
manganese  chloride  is  dissolved  out,  and  may  be  separated  by 
filtration  from  the  iron  oxide.  Should  a  trace  of  the  latter  yet 
remain,  it  may  be  got  rid  of  by  boiling  the  liquid  for  a  few  minutes 
with  a  little  manganese  carbonate.  The  solution  of  the  chloride 
has  usually  a  delicate  pink  colour,  which  becomes  very  manifest 
when  the  salt  is  evaporated  to  dryness.  A  strong  solution  deposits 
rose-coloured  tabular  crystals,  which  contain  4  molecules  of  water ; 
they  are  very  soluble  and  deliquescent.  The  chloride  is  fusible  at 
a  red-heat,  is  decomposed  slightly  at  that  temperature  by  contact 
with  air,  and  is  dissolved  by  alcohol,  with  which  it  forms  a  crys- 
tallisable  compound. 

The  trichloride,  or  Manganic  chloride,  MnoClj,  is  formed  when 
precipitated  manganic  oxide  is  immersed  in  cold  concentrated 
hydrochloric  acid,  the  oxide  then  dissolving  quietly  without  evolu- 
tion of  gas.  Heat  decomposes  the  trichloride  into  dichloride  and 
free  chlorine. 

Heptachloride,  Mn2CL4(?). — When  potassium  permanganate  is 
dissolved  in  strong  sulphuric  acid,  and  fused  sodium  chloride  is 
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added  by  small  portions  at  a  time,  a  greenish-yellow  gas  is  «iven 
off,  which  condenses  at  0°  to  a  greenish-brown  liquid.  This 'com- 
pound, when  exposed  to  moist  ah-,  gives  off  fumes,  coloured  purple 
by  permanganic  acid,  and  is  instantly  decomposed  by  water  into 
permanganic  and  hydrochloric  acids.  It  is  regarded  by  Diunas, 
who  discovered  it,  as  the  heptachloride  of  manganese;  but 
H.  Rose  regards  it  as  an  oxychloride,  MnCl,09,  analogous  to  chromic 
n  wchloride,  a  view  which  is  corroborated  by  its  mode  of  form- 
ation. 

Fluorides  of  manganese  have  been  formed  analogous  to  each  of 
these  chlorides. 

Manganese  Oxides.— Manganese  forms  four  well-defined 
oxides,  constituted  as  follows  : — 

Monoxide,  or  Manganous  oxide    ....  MnO 
Trimangano-tetroxide,  or  Manganoso-manganic  oxide  Mn304 
Sesquioxide,  or  Manganic  oxide    ....  Mno0 

Dioxide  or  Peroxide  Mn62? 

_  The  first  is  a  strong  base,  the  third  a  weak  base ;  the  second  and 
fourth  are  neutral ;  the  second  may  be  regarded  as  a  compound  of 
the  first  and  third,  MnO.Mn203.  There  are  also  several  oxides 
intermediate  between  the  monoxide  and  dioxide,  occurring  as 
natural  minerals  or  ores  of  manganese.  Manganese  likewise  forms 
two  series  of  oxygen  salts,  called  manganates  and  permanganates, 
the  composition  of  which  may  be  illustrated  by  the  potassium 
salts,  viz. :  1 


Potassium  manganate      .       .    K,Mn04    =  K9O.MnO, 
Potassium  permangnate    .       .    K^Mn208  =  K2"O.Mn2Or. 

The  oxides,  Mn03  and  Mn207,  corresponding  to  these  salts,  are 
not  known. 

Monoxide  or  Manganous  oxide,  MnO.— When  manganese  car- 
bonate is  heated  m  a  stream  of  hydrogen  gas,  or  vapour  of  water, 
carbon  dioxide  is  disengaged,  and  a  greenish  powder  left  behind! 
which  is  the  monoxide.  Prepared  at  a  dull  red  heat  only,  the  mon- 
oxide is  so  prone  to  absorb  oxygen  from  the  air,  that  it  cannot  be 
removed  from  the  tube  without  change ;  but  when  prepared  at  a 
nigiier  temperature,  it  appears  more  stable.  This  oxide  is  a  very 
powerful  base,  being  isomorphous  with  magnesia  and  zinc  oxide  ;  it 
oissotves  quietly  in  dilute  acids,  neutralising  them  completely  and 
<r>nmng  salts,  which  have  often  a  beautiful  pink  colour.  When 
aucaus  are  added  to  solutions  of  these  compounds,  the  white 
•IT'1  °,x,fIe  first  precipitated  speedily  becomes  brown  by  pass- 
ing mt0  a,  higher  state  of  oxidation. 

.  besquioxide  or  Manganic  oxide,  Mn203.— This  compound  occurs 
"  aa  oraunite,  and  in  the  state  of  hydrate  as  manganite  :  a 

beautiful  crystallised  variety  is  foundal  Elefeld,  in  the  Harts: 
is  produced  artificially,  by  exposing  the  hydrated  monoxide  to 
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the  air,  and  forms  the  principal  part  of  the  residue  left  in  the  iron 
retort  when  oxygen  gas  is  prepared  by  exposing  the  native  dioxide 
to  a  moderate  red-heat.  The  colour  of  the  sesquioxide  is  brown 
or  black,  according  to  its  origin  or  mode  of  preparation.  It  is  a 
feeble  base,  isomorphous  with  alumina :  for  when  gently  heated 
with  diluted  sulphuric  acid,  it  dissolves  to  a  red  liquid,  which,  on 
the  addition  of  potassium  or  ammonium  sulphate,  deposits 
octohedral  crystals,  having  a  constitution  similar  to  that  of  com- 
mon alum:  these  are,  however,  decomposed  by  water.  Strong 
nitric  acid  resolves  this  oxide  into  a  mixture  of  monoxide  and 
dioxide,  the  former  dissolving,  and  the  latter  remaining  unaltered : 
while  hot  od  of  vitriol  destroys  it  by  forming  manganous  sulphate 
and  liberating  oxygen  gas.  On  heating  it  with  hydrochloric  acid, 
chlorine  is  evolved,  as  with  the  dioxide,  but  in  smaller  amount. 

Dioxide,  Mn02. — Peroxide  of  Manganese.  Pyrolusite— The  most 
common  ore  of  manganese ;  it  is  found  both  massive  and  crystal- 
lised. It  may  be  obtained  artificially  in  the  anhydrous  state  In- 
gentle  calcining  the  nitrate,  or  in  combination  with  water,  by 
adding  solution  of  bleaching  powder  to  a  salt  of  the  monoxide. 
Manganese  dioxide  has  a  black  colour,  is  insoluble  in  water,  and 
refuses  to  unite  with  acids.  It;  is  decomposed  by  hot  hydrochloric- 
acid  and  by  oil  of  vitriol  in  the  same  manner  as  the  sesquioxide. 

The  proportion  of  real  dioxide  contained  in  a  commercial  sample 
of  the  black  oxide  may  be  determined  as  follows  50  grams 
of  the  mineral,  reduced  to  very  fine  powder,  are  put  into  the 
little  vessel  employed  in  the  analysis  of  carbonates  (p.  338), 
together  with  about  half  an  ounce  of  cold  water,  and  100 
grains  of  strong  hydrochloric  acid ;  50  grains  of  crystallised  oxalic 
acid,  C2H204,  are  then  added,  the  cork  carrying  the  drying  tube  is 
fitted,  and  the  whole  quickly  weighed  or  counterpoised.  The  ap- 
plication of  a  gentle  heat  suffices  to  determine  the  action ;  the  oxalic 
acid  is  oxidised  into  water  and  carbon  dioxide,  which  escapes  as 
gas,  while,  the  manganese  remains  in  solution  as  manganous 
chloride  : 

Mn02  +  C2H204  +  2HC1  =  MnCl2  4-  2H20  +  2C02. 

This  equation  shows  that  every  two  molecules  of  carbon  dioxide 
evolved  correspond  to  one  molecide  of  manganese  dioxide  decom- 
posed. Now  the  molecular  weight  of  this  oxide,  87,  is  so  nearly 
equal  to  twice  that  of  carbon  dioxide,  44,  that  the  loss  of  weight  suf- 
fered by  the  apparatus  when  the  reaction  has  become  cornplet  e,  and 
the  residual  gas  has  been  driven  off  by  momentary  ebullition,  maj 
be  taken  to  represent  the  quantity  of  real  dioxide  in  the  50  grains 
of  the  sample.  The  apparatus  of  Will  and  Freseimis,  described  at 
page  338,  may  also  be  used  with  advantage  in  this  process. 

Trimangano-tetroxide,  or  Bed  manganese  oxide,  Mn304,  or  pro- 
bably MnO.Mn203— This  oxide  is  also  found  native,  as  hausmafir 
nite,  and  is  produced  artificially  by  heating  the  dioxide  or  sesi[iu- 
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oxide  to  whiteness,  or  by  exposing  the  monoxide  or  carbonate  to  a 
red  heat  in  an  open  vessel.  It  is  a  reddish-brown  substance,  incap- 
able of  forming  salts,  and  acted  upon  by  acids  in  the  same  manner 
as  the  two  other  oxides  already  described.  Borax  and  glass  in  the 
fused  slate  dissolve  it,  and  acquire  the  colour  of  the  amethyst. 

Varvicite,  Mn407.H20  or  Mn0.3Mn02.H20,  is  a  natural  mineral, 
discovered  by  Phillips  among  certain  specimens  of  manganese 
ore  from  Warwickshire :  it  has  also  been  found  at  Ilefeld.  It 
much  resembles  the  dioxide,  but  is  harder  and  more  brilliant.  By 
a  strong  heat,  varvicite  is  converted  into  red  oxide,  with  dis- 
engagement of  aqueous  vapour  and  oxygen  gas. 

Several  other  oxides,  intermediate  in  composition  between  the 
monoxide  and  dioxide,  also  occur  native ;  they  are  probably  mere 
mixtures,  and  in  many  cases  the  monoxide  is  more  or  less  replaced 
by  the  corresponding  oxides  of  iron,  cobalt,  and  copper. 

Manganous  Sulphate,  MnS04.7H„0  or  MnO.S03.7H,0. — A 
beautiful  rose-coloured  and  very  soluble  salt,  isoniorphous  with 
magnesium  sulphate.    It  is  prepared  on  the  large  scale  for  the 
use  of  the  dyer,  by  heating  in  a  close  vessel  manganese  dioxide 
and  coal,  and  dissolving  the  impure  monoxide  thus  obtained  in 
sulphuric  acid,  with  addition  of  a  little  hydrochloric  acid  towards 
the  end  of  the  process.    The  solution  is  evaporated  to  dryness 
and  again  exposed  to  a  red  heat,  by  which  ferric  sidphate  is  decom- 
posed.   Water  then  dissolves  out  the  pure  manganese  sulphate 
Jeavmg  ferric  oxide  behind.    The  salt  is  used  to  produce  a  per- 
manent brown  dye,  the  cloth  steeped  in  the  solution  being  after- 
wards passed  through  a  solution  of  bleaching  powder,  by  which 
the  monoxide  is  changed  to  insoluble  hydrate  of  the  dioxide 
Manganese  sulphate  sometimes  crystallises  with  5  molecules  of 
MV'K  (SO^ThO^^6  Salt  With  P°tassium  su]Phate>  containing 

Manganese  Carbonate,  Mn"C03  or  Mn"0. CO,.— Prepared 
&y  precipitating  the  dichloride  with  an  alkaline  carbonate.  It  is 
an  insoluble  white  powder,  sometimes  with  a  buff-coloured  tint, 
imposed  to  heat,  it  loses  carbon  dioxide  and  absorbs  oxygen. 

Manganates.— When  an  oxide  of  manganese  is  fused  with 
Potash,  oxygen  is  taken  up  from  the  air,  and  a  deep  green  saline 
mass  results,  which  contains  potassium  manganate,  K„Mn04  or 
£2  '-Mnu3.  ihe  addition  of  potassium  nitrate  or  chlorate  facili- 
■<t^  the  reaction.  Water  dissolves  this  compound  very  readily, 
anci  cue  solution,  concentrated  by  evaporation  in  a  vacuum,  yields 
geeii  crystals.  Barium  manganate,  Ba"MnO,„  is  formed"  in  a 
similar  manner.  " 

Permanganates.  When  potassium  manganate,  free  from  any 
greai  excess  d  alkali,  is  put  into  a  large  quantity  of  water,  it  is 
resolved  into  hydrated  manganese  dioxide,  which  subsides,  and 
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potassium  permanganate,  K2Mu208  or  K2O.Mn207,  which  remains 
in  solution,  forming  a  deep  purple  liquid : 

3K2Mn04  +  2H20  =  Mn02  +  K2Mn208  +  4KHO. 

This  effect  is  accelerated  by  heat.  The  changes  of  colour  accom- 
panying this  decomposition  are  very  remarkable,  and  have  procured 
for  the°  manganate  the  name  mineral  chameleon;  excess  of  alkali 
hinders  the  reaction  in  some  measure,  by  conferring  greater 
stability  on  the  manganate.  Potassium  permanganate  is  easily 
prepared  on  a  considerable  scale.  Equal  parts  of  very  finely 
powdered  manganese  dioxide  and  potassium  chlorate  are  mixed 
with  rather  more  than  one  part  of  potassium  hydrate  dissolved  in 
a  little  water,  and  the  whole  is  exposed,  after  evaporation  to  dry- 
ness, to  a  temperature  just  short  of  ignition.  The  mass  is  treated 
with  hot  water,  the  insoluble  oxide  separated  by  decantation,  and 
the  deep-purple  liquid  concentrated  by  heat,  until  crystals  form 
upon  its  surface :  it  is  then  left  to  cool.  The  crystals  have  a  dark 
purple  colour,  and  are  not  very  soluble  in  cold  water.  The  man- 
ganates  and  permanganates  are  decomposed  by  contact  with  organic 
matter :  the  former  are  said  to  be  isomorphous  with  the  sulphates, 
and  the  latter  with  the  perchlorates.  The  green  and  red  disinfect  - 
ing agents,  known  as  Condy's  fluids,  are  alkaline  manganates  and 
permanganates.  , 

Hydrogen  permanganate  or  Permanganic  Acid,  H2Mn2U8,  is 
obtained  by  dissolving  potassium  permanganate  in  hydrogen  sul- 
phate, H2S04,  diluted  with  one  molecule  of  water,  and  distilling 
the  solution  at  60°-70°.  Permanganic  acid  then  passes  over  111 
violet  vapours,  and  condenses  to  a  greenish- black  liquid,  which 
has  a  metallic  lustre,  absorbs  moisture  greedily  from  the  air,  and 
acts  as  a  most  powerful  oxidising  agent,  instantly  setting  fire  to 
paper  and  to  alcohol. 

Manganous  salts  are  very  easily  distinguished  by  reagents. 
The  fixed  caustic  alkalis  and  ammonia,  give  white  precipitates, 
insoluble  in  excess,  quickly  becoming  brown.  The  carbonates  of 
the  fixed  alkalis,  and  carbonate  of  ammonia,  give  white  precipitates, 
but  little  subject  to  change,  and  insoluble  in  excess  of  carbonate 
of  ammonia.  Hydrogen  sulphide  gives  no  precipitate,  but  ammo- 
nium sulphide  throws  down  insoluble  flesh-coloured  sulphide  ol 
manganese,  which  is  very  characteristic.  Potassium  ferrocyamdc 
«ives  a  white  precipitate.  _  . 

°  Manganese  is  also  easily  detected  by  the  blow-pipe:  it  giy68 
with  borax  an  amethyst-coloured  bead  in  the  outer  or  oxidising 
flame,  and  a  colourless  one  in  the  inner  flame.  Heated  upon 
platinum  foil  with  sodium  carbonate,  it  yields  a  green  mass  ol 
sodium  manganate. 
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ANTIMONY. 

Atomic  weight,  122 ;  symbol,  Sb  (Stibium). 

Antimony  has  a  bluish-white  colour  and  strono-  lusti-e-  it  is 
extremely  brittle  being  reduced  to  powder  with  the  Xost  as 
It.  specific  gravity  is  6-8;  it  melts  at  a  temperature  jusT  short  of 
reckless,  and  boils  and  volatilises  at  a  white  heat.    It  has  always 

^TmJTh^'-^  but  ^  P-ti-lai  manage! 

It  k  nnf  7  v  ^f111^  111  crystals,  which  are  rhombohedral  * 
L  i  °^dlsed  V  the  air  at  common  temperatures-  when 
strongly  heated,  it  burns  with  a  white  flame,  procludn"'  ox  id? 
which  is  often  deposited  in  beautiful  crystals.  'iH  SieTby 
?cEd°eCWTt5^  1th  eV10luti0n  "^ogen  and  production 
^otbTetthSquiT"  °-dlSesitto-timonic  acid,  which  is 

fn^r^^'TT116  trichloricle  or  Antimonious  chloride  SbCl 
SBS  i™  1 a"*»0"K  is  P^uced  when  hVcbogen 

SonVXlhTd,  ^  aCtl°n  °f  Vclrochloriclcid^on 
0bS  T  f^Ppde.    The  impure  and  highly  acid  solution  thus 

«  ^  prS It  on  fol?t0rt  rdtldistilIed>  ™tfl  each  drop  of  tie 

•™1  the  dist illn  ™  7, J?  ?  £  The  reiver  is  then  changed 
Passes  over  anfSnKrKfi  ^Uel  ,-Pure  antimonious  chloride  then 
mas   from  X  °n  T\mg  t0  a  white'  hi«ldy  crystalline 

compound  tS  Z  rbe  Carefu^  excluded.  The  same 
with1  2T  tiies  ™wei  of  ^  metall  c  antimony  in  powder 
chloridl  is  :rv  rlolTn,  ?  5  C0™«Ivf  sublimate.  Antinlonious 
««H  wilhll  ZnS1  v6nt:  Jt  djf(,lves  in  8tTOnS  hydrochloric 
gives  Sfto  a  whT.Ti011'  ^  the  solutio"  PonVinto  water 
to  ,i  white  bulky  precipitate,  which,  after  a  short  time, 

antin^io^^;^;^^^1""""  of  one  Part  of  tartar-emetic  in  -I  parts  of 
th«  positive  ,  , 'V  SmaU  batt,ery  of  two  elements,  antimony  forming 
we  oStaine  l.  ;  ;  B™1^_c°P'ler  the  negative  pole,  crusts  of  antimony 
Aching fire  whe r,!TT  "i  re,n,ilrkn,,,e  l""P<-vt y  of  exploding  anil 
Society,  h -.  70)  °r     °k6n  (Gorc'  P^dmgs  of  the  Royal 
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becomes  highly  crystalline,  and  assumes  a  pale  fawn  colour.  This 
is  the  old  powder  ofAlgaroth;  it  is  a  compound  of  tocMonde  an 
trioxide  of  antimony.    Alkaline  solutions  extract  the  chloride  and 
leave  the  oxide.    Finely  powdered  antimony  thrown  into  chlorine 

^Th^Pe^achloride,  or  Antimonic  chloride,  HbCL,  is  formed  by 
passing  a  stream  of  chlorine  gas  over  gently  heated  metallic  anti- 
mony fa  mixture  of  the  two  chlorides  results,  which  may  he  epa- 
rated  hy  distillation.  The  pentachlonde  is  a  colourless  volatile 
liquid,  which  forms  a  crystalline  compound  with  a  small  portion 
of  water,  hut  is  decomposed  hy  a  larger  quantity  into  antunonic 
and  hydrochloric  acids. 

Antimonious  Hydride.  Antimonetted  Hydrogen.  Sti- 
bine  SbH,.— When  zinc  is  put  into  a  solution  of  antimonious 
oxrde,  and  sulphuric  acid  added,  part  of  the  hydrogen  combines 
with  the  antimony,  and  the  resulting  gas,  which  is  a  mixture  of 
stibine  with  free  hydrogen,  burns  with  a  greenish  flame,  giving 
rise  to  white  fumes  of  antimonious  oxide.  When  the  gas  is  con- 
ducted through  a  red-hot  glass  tube  of  narrow  dimensions,  or  burned 
with  a  limited  supply  of  air,  as  when  a  cold  porcelain  surface  is 
pressed  into  the  flame,  metallic  antimony  is  deposited.  On  pas* 
he  a  cm-rent  of  antimonetted  hydrogen  through  a  solution  of  silver 
nitrate,  a  black  precipitate  is  obtained  contammg  ShAg3  :  tiora 
the  formation  of  this  compound  it  is  inferred  that  the  gas  has  the 
composition  SbH3,  analogous  to  ammonia,  P>0SP?me',^f^i 
There  are  also  several  analogous  compounds  of  antimony  j 
alcohol-radicals,  such  as  trimethylstibine,  Sb(CH3)3,  tnethyktibiM, 
Sb(C2H6)3,  &c. 

Oxides.— Antimony  forms  two  oxides,  Sb203  and  Sb205,  analo- 
gous to  the  chlorides,  the  first  being  a  basic  and  the  second  aa  acid 
oxide,  also  an  intermediate  neutral  oxide,  Sb204. 

The  trioxide,  or  Antimonious  oxide,  Sb203,  occurs  native,  tnougu 
rarely,  as  valentinite  or  white  antimony,  in  shining  white  trnneiric 
crystals;  also  as  senarmontite  in  regular  octohedrons :  it  is  mere 
fore  dimorphous.    It  may  be  prepared  by  several  methods :  as  m 
burning  metallic  antimony  at  the  bottom  of  a  large  red-hot  cruci  r. 
in  which  case  it  is  obtained  in  brilliant  crystals ;  or  by  pom  mr 
solution  of  antimonious  chloride  into  water,  and  digesting 
resulting  precipitate  with  a  solution  of  sodium  carbonate.  J- 
oxide  thus  produced  is  anhydrous;  it  is  a  pale  buft-colourea 
powder,  fusible  at  a  red  heat,  and  volatile  in  a  closed  vessel,  w 
in  contact  with  air  at  a  high  temperature,  it  absorbs  oxygen  an 
becomes  changed  into  the  tetroxide.  _  When  boiled  wither., 
tartar  (acid  potassium  tartrate),  it  is  dissolved,  and  the  soUU 
Yields  on  evaporation  crystals  of  tartar-emetic,  which  is  almost  i 
only  antimonious  salt  that  can  bear  admixture  with  water  w  ltnu 
decomposition.    An  impure  oxide  for  this  purpose  is  somttim  . 
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prepared  by  carefully  roasting  the  powdered  sulphide  in  a  rever- 
beratory  furnace,  and  raising  the  heat  at  the  end  of  the  process 
si)  as  to  fuse  the  product :  it  has  long  been  known  under  the  name 
glass  of  antimony,  or  vitrum  antimonii. 

Antimonious  oxide  likewise  acts  as  a  feeble  acid,  forming  salts 
called  antimonites,  which,  however,  are  very  unstable. 

The  tetroxide,  or  Antimonoso-antimonic  oxide,  Sb264  or  Sb203. 
Sb205,  occurs  native  as  cervantite  or  antimony  ochre,  in  acicular 
crystals,  or  as  a  crust  or  powder.    It  is  the  ultimate  product  of  the 
oxidation  of  the  metal  by  heat  and  air :  it  is  a  greyish-white  pow- 
der, infusible  and  non- volatile,  insoluble  in  water  and  acids  ex- 
cept when  recently  precipitated.    On  treating  it  with  tartaric  'acid 
(acid  potassium  tartrate),  antimonious  oxide  is  dissolved,  antimouic 
acid  remaining  behind ;  and  when  a  solution  of  the  tetroxide  in 
hydrochloric  acid  is  gradually  dropped  into  a  large  quantity  of 
water,  antimonious  oxide  is  precipitated,  while  antimonic  acid 
remains  dissolved.    From  these  and  similar  reactions  it  has  been 
inferred  that  the  tetroxide  is  a  compound  of  the  trioxide  and  pent- 
oxide.    On  the  other  hand,  it  is  sometimes  regarded  as  a  distinct 
oxide  because  it  dissolves  without  decomposition  in  alkalis  form- 
ing salts  (olten  called  antimonites)  which  may  be  obtained' in  the 
solid  state.    Two  potassium  salts,  for  example,  have  been  formed 
containing  K2O.Sb204  and  K20.2Sb204;  and  a  calcium  salt,  3CaO' 
^bo2U4,  occurs  as  a  natural  mineral,  called  romeine.    These  salt* 
may,  however,  be  regarded  as  compounds  of  antimonates  and  anti- 
monites (containing  Sb203):  thus,  2(K20.2Sb204)  =  K2O.Sb205  + 

The  pentoxide,  or  Antimonic  oxide,  Sb20,,  is  formed  as  an  insolu- 
ble hydrate  when  strong  nitric  acid  is  made  to  act  upon  metallic 
antimony ;  and  on  exposing  this  hydrate  to  a  heat  short  of  redness 
t  yields  the  anhydrous  pentoxide  as  a  pale  straw-coloured  powder 
mso luble  m  water  and  acids.  It  is  decomposed  by  a  red  heat.' 
yielding  the  tetroxide. 

Hydrated  antimonic  oxide  is  likewise  obtained  by  decomposing 
an t  mony  pentachlonde  with  an  excess  of  water,  hydrochloric  acid 
'  formed  at  the  same  time.  The  hydrated  oxides,  or  acids, 
produced  by  the  two  processes  mentioned,  differ  in  many  of  their 
Properties,  and ^especially  in  their  deportment  with  bases.  The 
produced  by  nitric  acid,  called  antimonic  acid,  is  mono- 

2^J^T*nT?^8al^thSfami  M2O.Sb„06  or  MSb03, 
- -  ts,  containing  M20.2Sb205  or  2MSb03.Sb2Ofl.  The 
Mtar,  . =^?d.metantimoiiic  acid,  is  bibasic,  forming  normal 
2MO  si  7""  W  ^* 01  M*S,,A»  and  acid  salts,  containing 
iSL    2°6  i°r  M?°-Sb?°6.  «<>  that  the  acid  metantimonates  arl 
nenc  or  polymenc  with  the  normal  antimonates.    Among  the 
™™n  ™o nates  an  acid  potassium  salt,  K8O.Sb»0B-7H. ,<  >,  is  to  be 
'  da|]y  noticed  as  yielding  a  precipitate  will,  sodium  salts  :  it 
*)  ""deed,  the  only  reagent  which  precipitates  sodium.    It  is  oh- 
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tained  by  fusing  anthnonic  oxide  with  an  excess  of  potash  in  a 
silver  crucible,  dissolving  the  fused  mass  in  a  small  quantity  of 
cold  water,  and  allowing  it  to  crystallise  in  a  vacuum.  _  The  crys- 
tals consist  of  normal  potassium  metantimonate,  2K2O.Sb205,  and, 
when  dissolved  in  pure  water,  are  decomposed  into  free  potash 
and  acid  metantimonate. 

Sulphides. — The  trisulphide  or  Antimonious  sulphide,  Sb2S3, 
occurs  native  as  a  lead-grey,  brittle  substance,  having  a  radiated 
crystalline  texture,  and  easily  fusible.  It  may  be  prepared  arti- 
ficially by  melting  together  antimony  and  sulphur.  When  a 
solution  of  tartar-emetic  is  precipitated  by  hydrogen  sulphide,  a 
brick-red  precipitate  falls,  which  is  the  same  substance  combined 
with  a  little  water.  If  the  precipitate  be  dried  and  gently  heated, 
the  water  may  be  expelled  without  other  change  of  colour  than  a  little 
darkening,  but  at  a  higher  temperature  it  assumes  the  colour  and 
aspect  of  the  native  sulphide.  This  remarkable  change  probably 
indicates  a  passage  from  the  amorphous  to  the  crystalline  state. 

When  powdered  antimonious  sulphide  is  boiled  in  a  solution  of 
caustic  potash,  it  is  dissolved,  antimonious  oxide  and  potassium 
sulphide  being  produced  ;  and  the  latter  unites  with  an  additional 
quantity  of  antimonious  sidphide  to  form  a  soluble  sulphur-salt, 
in  which  the  potassium  sulphide  is  the  sulphur-base,  and  the  anti- 
monious sulphide  is  the  sulphur-acid  : 

3K20  +  2Sb2S3  =  Sb203  +  3K2S  .Sb2S3. 

The  antimonious  oxide  separates  in  small  crystals  from  the  boil- 
ing solution  when  the  latter  is  concentrated,  and  the  sulphur-salt 
dissolves  an  extra  portion  of  antimonious  sulphide,  which  it  again 
deposits  on  cooling  as  a  red  amorphous  powder,  containing  a  small 
admixture  of  antimonious  oxide  and  potassium  sidphide.  This  is 
the  leermes  mineral  of  the  old  chemists.  The  filtered  solution 
mixed  with  an  acid  gives  a  potassium  salt,  hydrogen  sulphide,  and 
precipitated  antimonious  sulphide.  Kermes  may  also  be  made  by 
fusing  a  mixture  of  5  parts  antimonious  sulphide  and  3  of  dry 
sodium  carbonate,  boiling  the  mass  in  80  parts  of  water,  and  filter- 
ing while  hot  :  the  compound  separates  on  cooling.  The  com- 
pounds of  antimonious  sulphide  with  basic  sulphides  are  called 
sulvh-antimonites ;  many  of  them  occur  as  natural  minerals.  For 
example  :  zinkenite,  PbS.Sb.,S3  ;  feather-ore,  2PbS.Sb2S3 ;  bou- 
langerite,  3PbS.Sb2S3  ;  fahlore,  or  tetrahedrite,  4Cu2S.Sb2S3,  the 
antimony  being  more  or  less  replaced  by  arsenic,  and  the  copper 
by  silver,  iron,  zinc,  and  mercury. 

The  pmtasulphide  or  Antimonic  sulphide,  Sb2S6,  formerly  called 
sulphur  auratum,  is  also  a  sulphur-acid,  forming  salts  called  sulph- 
antimonates,  most  of  which  have  the  composition  3M2S.Sb2S5,  or 
M  SbS4,  analogous  to  the  normal  orthophospliates  and  arsenates. 
When  18  parts  of  finely  powdered  antimonious  sulphide,  17  parts 
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dry  sodium  carbonate,  13  parts  slaked  lime,  and  3£  parts  sulphur 
are  boiled  for  some  hours  in  water,  calcium  carbonate,  sodium 
antimonate,  antimony  pentasulphide,  and  sodium  sulphide  are 
produced.  The  first  is  insoluble,  and  the  second  partially  so  :  the 
two  last-named  bodies,  on  the  contrary,  unite  to  form  soluble 
sodium  sulphantimonate,  Na3SbS4,  which  may  be  obtained  by 
evaporation  in  beautiful  crystals.  A  solution  of  this  substance 
mixed  with  dilute  sulphuric  acid,  furnishes  sodiimi  sulphate' 
hydrogen  sidphide,  and  antimony  pentasulphide,  which  falls  as  a 
golden-yellow  flocculent  precipitate. 

The  sidphantimonates  of  the  alkali-metals  and  alkaline  earth- 
metals  are  very  soluble  in  water,  and  crystallise  for  the  most  part 
with  several  molecules  of  water.  Those  of  the  heavy  metals  are 
insoluble,  and  are  obtained  by  precipitation. 

The  few  salts  of  antimony  soluble  in  water  are  distinctly 
characterised  by  the  orange  or  brick-red  precipitate  with  Iwdroqen 
sulphide,  which  is  soluble  in  a  solution  of  ammonium  sulphide 
and  again  precipitated  by  an  acid.  ' 

Antimonious  chloride,  as  already  observed,  is  decomposed  by 
water,  yielding  a  precipitate  of  oxychloride.  The  precipitate  dis- 
solves in  hydrochloric  acid,  and  the  resulting  solution  gives,  with 
potash,  a  white  precipitate  of  trioxide,  soluble  in  a  large  excess  of 
the  reagent ;  with  ammonia  the  same,  insoluble  in  excess ;  with 
potassium  m  sodium  carbonate,  also  a  precipitate  of  trioxide  which 
dissolves  m  excess,  especially  of  the  potassium  salt,  but  reappears 
auer  a  while.  If,  however,  the  solution  contains  tartaric  acid, 
the  precipitate  formed  by  potash  dissolves  easily  in  excess  of  the 
gfcaJi ;  ainmoma  forms  but  a  slight  precipitate,  and  the  precipitates 
lormed  by  alkaline  carbonates  are  insoluble  in  excess.  The  last- 
mentioned  characters  are  likewise  exhibited  by  a  solution  of 
tartar-emetic  (potassio-antimomous  tartrate).  Zinc  and  iron  preci- 
pitate antimony  from  its  solutions  as  a  black  powder.  Comer 

'  Imitates  it  as  a  shining  metallic  film,  which  may  be  dissolved 
bj  potassium  permanganate,  yielding  a  solution  which  will  give 
me  charactensl  ic  red  precipitate  with  hydrogen  sulphide 
aoM  antimony-compounds  fused  upon  charcoal  with  sodium 

•  na  e  or  po  assium  cyanide,  yield  a  brittle  globule  of  anti- 
K  "  b,Tk  Wlut<r  lUne  bei?.S  at  the  same  tiinl  given  off,  and 
of  oxide  •SOme  Ch8tanCe  ar°Und  with  a  vvhite  dePosil 

J*  application  to  medicine,  antimony  is  of  great  imp 
/  ,  ^^'^'''-'^''^^-i^combiinaion  with  fead,  it  fo 
W  I  his  alloy  expands  at  the  moment  of  soKdifying,  ,u, 

wjes  an ^exceeding  sharp  impression  of  the  mould.    It  is  remark- 

,  «™  both  u  s  constituents  shrink  under  similar  circumstances. 
<mu  make  very  bad  casting. 


ort- 
olans 
and 
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Britannia  metal  is  an  alloy  of  9  parts  tin  and  1  part  alimony, 
frequently  also  containing  small  quantities  ot  copper,  zinc,  or  bis 
muT  An  alloy  of  12  parts  tin,l  part  antimony  and a  smal 
Quantity  of  copper,  forma  a  superior  kind  of  pewter  Allojb  ol 
linlimony  witftin,  or  tin  and  lead,  are  now  much  used  r 
macninery-bearings  in  place  of  gun-metal  Alloys  ot  antmiony 
with  nickel  and  with  silver  occur  as  natural  minerals.  _ 

Antimony  trisulphide  enters  into  the  composition  ol  the  blue, 
signal-lights  used  at  sea* 


ARSENIC. 

Atomic  weight,  75.    Symbol,  As. 
\rsenic  is  sometimes  found  native:  it  occurs  in  considerable 

Ion"  and  nearly  horizontal  chimney,  or  in  a  kind  ot  toner  M 
!&Zded  into  numerous  chambers.  The  crude  arsenious 
SaTfi^diBpnriflea  by  sublimation,  and  then  heated 
S  charcoal  in  a  retort  ;  the  metal  is  reduced,  and  leaddy 

SUSenic  has  a  steel-grey  colour,  and  high  n^talhc  In^e:  it  is 
crystalline  and  very  brittle;  it  tarnishes  in  the .an-  .^^Jg 
preserved  unchanged  in  pure  water.    Its  density,  m  tne  .ouu 
Sft  to  5-9.  8  When  Lated,  it  volatilises  ^^^g 
if  air  be  present  oxidises  to  arsenious  oxide.    Its  vapoui-aeiisu.y, 
"^Sti  of  hydrogen,  is  150,  which  is  twice^ i s  atonn 
wei4t,  so  that  its  molecule  in  the  gaseous  state,  like >  thato 
phosphorus,  occupies  only  half  the  volume  of  a  molecule  of  hj  dro 
sen  (p.  246).    The  vapour  has  the  odour  ot  garlic.  mln}aa 
&  Arsenic  combines  with  metals  in  the  same  manner  as  sidpto 
and  phosphorus,  which  it  resembles,  especially  he  latter,  m  manj 
respects:  indeed,  it  is  often  regarded  as  a  metalloid. 

Arsenic,  like  nitrogen,  behaves  m  most  respects  as .a -J™^ 
■  ment,  not  being  capable  of  uniting  with  more  than  three  atoms, 
any  one  monacf  element.    Thus  it  forms  the  compounds  A  H3, 
AsOL   AsBr.„  &c,  but  no  compound  analogous  to  the  pent» 
chloride  of  phospho'rus  or  antmiony.    But  just  as  ammonia,  N  H:, 


*  Blue  or  Bengal  light . 

Dry  potassium  nitrate,  . 
Sulphur,  . 
Antimony  trisulphide,  . 
Ml  in  fine  powder,  and  intimately  mixed. 


6  parts. 
2  „ 
1  part. 
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can  take  up  tie  elements  of  hydrochloric  acid  to  form  8al  am 
momac,  i\H4Cl,  in  which  nitrogen  appears  quiaquivaSt  so  h>P 
mse  can  arsenetted  hydrogen  or  arsine,  As'-H^unt l^h  lhe 
chlorides i  bromides,  &c    of  the  radicals  methyl,  etiyl   &c  to 
form  e salts  m  which  the  arsenic  appears  tJ'be  ^uiya- 

Arsenethylium  bromide  .    .    As"H  CC  H  XRv 
Arsenmethylium  chloride     .    As'I^CH  fci 

Arsenic  likewise  forms  two  oxides,  viz.,  arsenious  oxide  As'"  O 

arid    JH, n     l     t         n  mixture  of  common  salt  and  sulphuric 

is  a  deer -red <x^tilJ  Tf8  me1aUlc  arsenic  with  iodine:  it 
'-P^gS^^  ^ 

The  <„/^,  ..,  ,,u/ow,  AydnA  ;  J  C- 

«SClSeUd  ITSS-40  ^  J'in  "a^d  "St 
an  alloy  of  "n  J  nr  Vf  •actl0n  ,°f  stronS  ^chloric  acid  on 
greater  orLeSoffion  JE2  and,  ar,8enie>  *»  produced  in 
with  M«iiioTiiS^™ferJtydl0^ is  set  1Vee  intact 
specific  graS  2.695  8hS  18  a  colo«rless  gas,  of 

smdloffarhc  It  IniVria  win  t^\m  r^>™*  having  he 
rating  arsemous  I  "N  w knu  led,  with  a  blue  flame,  |ene- 
WHared-StS  M  ds°  ^composed  by  transmission 
'•v  tSs  substance  Who?"  ^  '"^  1,c.»olutio„s  are  precipitated 
^in^^^^.  «  18  exceedingly1  poisLous, 

Jhe  dihydri(lej  AsH2;  or  rather  ^  =  AsH2^  _s  ^ 

SXetfll^0^  "T"'"1!  water>  theSgative  pole  being 
metallic  arsenic  j  also  when  potassium  or  sodium  arsen- 
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ide  is  dissolved  in  water.  Tt  is  a  brown  powder,  which  gives  off 
hydrogen  when  heated  in  a  close  vessel,  and  burns  when  heated  in 
the  air.  It  is  analogous  in  composition  to  arsendimethyl  or  cacodyl, 
As2(CH3)4. 

Arsenious  Oxide,  Acid,  and  Salts—  Arsemous  oxide,  As203, 
also  called  white  oxide  of  arsenic,  is  produced  in  the  manner  already 
mentioned.  It  is  commonly  met  with  in  the  form  of  a  heavy; 
white  glassy-looking  substance,  with  smooth  conchoidal  fracture, 
which  has  evidently  undergone  fusion.  When  freshly  prepared  it 
is  often  transparent,  but  by  keeping  becomes  opaque,  at  the  same 
time  slightly  diminishing  in  density,  and  acquiring  a  greater 
degree  of  solubility  in  water.  100  parts  of  that  liquid  dissolve  at 
100°  about  11-5  parts  of  the  opaque  variety:  the  largest  portion 
separates,  however,  on  cooling,  leaving  about  3  parts  dissolved :  the 
solution,  which  contains  arsenious  acid,  feebly  reddens  litmus. 
Cold  water,  agitated  with  powdered  arsenious  oxide,  takes  up  a 
still  smaller  quantity.  Alkalis  dissolve  this  substance  freely, 
forming  arsenites;  compounds  with  ammonia,  baryta,  stroutia, 
lime,  magnesia,  and  manganous  oxide  also  have  been  formed :  the 
silver  salt  is  a  beautiful  lemon-yellow  precipitate.  The  arsenites 
are  however,  very  unstable.  Those  which  have  the  composition 
M,AsO„  or  3MoO.As203,  are  regarded  as  normal  salts ;  there  are 
also  arsenites  containing  M4As205,  or  2M2O.As203,  and  MAs02,  or 
M2O.As203,  besides  acid  salts.  Arsenious  oxide  is  easily  soluble 
in  hot  hydrochloric  acid.  Its  vapour  is  colourless  and  inodorous, 
and  it  crystallises  on  solidifying  in  brilliant  transparent  octone- 
drons.  The  oxide  or  acid  itself  has  a  feeble  sweetish  and  astrmgent 
taste,  and  is  a  most  fearful  poison. 

Arsenic  Oxide,  Acid,  and  Salts.— When  powdered  arsenious 
oxide  is  dissolved  in  hot  hydrochloric  acid,  and  oxidised  by  the 
addition  of  nitric  acid,  the  latter  being  added  as  long  as  red  vapours 
are  produced,  the  whole  then  cautiously  evaporated  to  complete 
dryness,  and  the  residue  heated  to  low  redness,  arsenic  oxide. 
As2Os,  remains  in  the  form  of  a  white  anhydrous  mass  which  has 
no  action  upon  litmus.  When  strongly  heated,  it  is  resolved  uiw 
arsenious  oxide  and  free  oxygen.  In  water  it  dissolves  slowly  out 
completely,  giving  a  highly  acid  solution,  which,  on  being  eva- 
porated to  a  syrupy  consistence,  deposits,  after  a  time,  hvdri iteji 
crystals  of  arsenic  acid,  containing  2H3As04.H20,  or  3H2O.As2  * 
+  aq.  These  crystals,  when  heated  to  100°,  give  off  their  water  oi 
crystallisation  and  leave  trihydric  arsenate,  H3As04,  or  3H2  • 
As206 ;  at  140°-160°,  dihydric  arsenate,  H4As207,  or  2H2O.AsM,  ie 
left ;  and  at  260°,  monohydric  arsenate,  HAs03,  or  H.,O.As.,05.  ld* 
aqueous  solutions  of  the  three  hydrates  and  of  the  anhvdrou. 
oxide  exhibit  exactly  the  same  characters,  and  all  contain  tnh>  ail 
arsenate,  the  other  hydrates  being  immediately  converted  nm 
that  compound  when  dissolved  in  water;  in  this  respect  w 
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S'<p  iT™  <"d<le  Wa  Mi*Uy  b"m  ao5e  °{ i*"*!*™ 

apparent,  and  then  evapora it Thi  ml ,w ^     1  I?"*'011  is 
7  molecA,  of  water,   ^fcj^, I^YIho  h  ™ 
duced  when  sodium  carbonate  in  excess  is  fn^l  ^Yif   2  '     1  ^" 

J**,  AS!S„  occurs  native  as  i!M(„„.  rt  is  formed  iiitifMrnTt 
beating  arsenic  acid  with  the  proper  ijroBortion     .,,TJT  L^' 

fusible,  and  voktife  i  w  gf1611;^1^^  crystalline  substance, 

hours  the  XSS^^^frf  tat  ««ne 

%ht  yellow  dSt^?8SnSr  Tl,?  sulphide,  yields  a 

amnions acid  Sis  ttt 'l  n  r™C  Md  hehlS  reduced  to 
unions  subside  In  SX?^™"^  ^  lem»-yelloW 
Place  hnrnediaSly."  The  nSfrf 71^  ^P^tion  takes 
Produced,  was  fomerlv  mSSJT  °f  SldPhurand  trisulphide  thus 
to  arsenic  acid  7  6garded  as  a  P^asulphide  corresponding 

»»^S£i3S  1  f6  ^Phur-acids, 

°/  the  dismphide  ^called  h ™  1  t0^0mi  8^Ph^-salts.  Those 
httle  known.  TheTaS  of  niyi?  Ulph?^enite8 they  are  hut 
unites.  Their  Lmr  "iH  m°U?  8USphlde  are  calle(l  sulphar- 
Potassium  \X    2    k'aT7  be  r?Presented  by  that  of  the 

^KaS.AsjS, ;  and  S'sS  or  &  VHSft  V*  or 
s;ilt«  are  the  moafc  SmS?  3i,2S-As2S3-  01  these  the  bi  basic 
m^and  alSL^T;  ,The  ^Phareenites  of  the  alkali- 
Prepared  l,y  b      i,  ' '  ,h"metals  arf  "  water,  and  may  be 

c°mspondin,  h^  ^  in  fche  solution  of  the 

o  fiyurates  or  sulphydrates  j  the  rest  are  insoluble 
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and  are  obtained  by  precipitation.  Sulphur-salts,  called  sul  phar- 
senates,  corresponding  in  composition  to  tbe  arsenates,  are  pro- 
duced, in  like  maimer,  by  digesting  the  mixture  of  sulphur  and 
arsenious  sulphide  precipitated,  as  above  mentioned,  from  arsenic 
acid,  in  solutions  of  alkaline  hydrates  or  sulphydrales ;  also  by 
passing  gaseous  hydrogen  sulphide  through  solutions  of  arsenates. 
There  are  three  sulphai  senates  of  potassium,  containing  KAsb3) 
or  K,S.As„S,;  K4As2S7,  or  2K2S.As,S6;  and  K3Asb4,  or 
3K  S  As  S  The  sulpharsenates  of  the  alkali-metals  and  alkaline 
earth-metals  are  soluble  in  water;  the  rest  are  insoluble  and  are 
obtained  by  precipitation. 

Arsenious  acid  is  distinguished  by  characters  which  cannot  be 
misunderstood.  .         . ,  . 

Silver  nitrate,  mixed  with  a  solution  of  arsenious  acid  in  water, 
occasions  no  precipitate,  or  merely  a  faint  cloud:  but  it  a  little 
fixed  alkali,  or  a  drop  of  ammonia,  be  added,  a  yellow  precipitate  ot 
silver  arsenite  immediately  falls.  The  precipitate  is  exceedingly 
soluble  in  excess  of  ammonia  ;  that  substance  must  therei ore,  be 
added  with  great  caution  ;  it  is  likewise  very  soluble  in  nitric 

a°  CWc  sulphate  gives  no  precipitate  with  solution  of  arsenious 
acid,  until  the  addition  has  been  made  of  a  little  alkali,  when  a 
brilliant  yellow-green  precipitate  (Scheele's  green)  tails,  which 
also  is  verv  soluble  in  excess  of  ammonia.  _ 

Hydroqm  suhAide  passed  into  a  solution  of  arsenious  acid,  to 
which  a  few  drops  of  hydrochloric  or  sulphuric  acid  have  been 
added,  occasions  the  production  of  a  copious  bright  yellow  precipi- 
tate of  orpiment,  which  is  dissolved  with  facihty  by  ammonia, 
and  reprecipitated  by  acids.  . 

Sobd  arsenious  oxide,  heated  by  the  blowpipe  in  a  narrow  glass 
tube  with  small  fragments  of  dry  charcoal,  affords  a  sublimate  oi 
metallic  arsenic  in  the  shape  of  a  brilliant  steel-grey  metallic  ring 
A  portion  of  this,  detached  by  the  point  of  a  knife,  and  heated  W 
a  second  glass  tube,  with  access  of  air,  yields,  m  its  turn,  a  subli- 
mate of  colourless,  transparent,  octahedral  crystals  ot  arsenious 
oxide.  .  e 

All  these  experiments,  which  jointly  give  demonstrative  prooi 
of  the  presence  of  the  substance  in  question,  may  be  pertormea 
with  perfect  precision  and  certainty  upon  exceedingly  small  quanti- 
ties of  material.  ,  .  .  J 
The  detection  of  arsenious  acid  in  complex  mixtures,  containing 
organic  matter  and  common  salt,  as  beer,  gruel,  soup,  -Sjc,  or 
the  fluid  contents  of  the  stomach  in  cases  of  poisoning,  is  a ,m 
more  difficult  problem,  but  one  which  is,  unfortunately,  ottea 
required  to  be  solved.  These  organic  matters  interfere  complete^ 
with  the  liquid  tests,  and  render  their  indications  worthless. 
Sometimes  the  difficulty  may  be  eluded  by  a  diligent  search  in 
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the  suspected  liquid,  and  in  the  vessel  containing  it,  for  frag- 
ments or  powder  of  solid  arsenious  oxide,  which,  from  its  small 
degree  of  solubility,  often  escape  solution,  and  from  the  high 
density  of  the  substance,  may  be  found  at  the  bottom     Fig.  145 
of  the  vessels  in  which  the  fluids  are  contained.  If 
anything  of  the  kind  be  found,  it  may  he  washed 
by  decantation  with  a  little  cold  water,  dried,  and 
then  reduced  with  charcoal.    For  the  latter  pur- 
pose, a  small  glass  tube  is  taken,  having  the  figure 
represented  in  the  margin  ;  white  German  glass, 
free  from  lead,  is  to  he  preferred.    The  arsenious 
oxide,  or  what  is  suspected  to  he  such,  is  dropped  to 
the  bottom,  and  covered  with  splinters  or  little  frag- 
ments of  charcoal,   the  tube  being  filled  to  the 
shoulder.    The  whole  is  gently  heated,  to  expel  any 
moisture  that  may  be  present  in  the  charcoal,  and 
the  deposited  water  wiped  from  the  interior  of  the  tube 
with  bibulous  paper.    The  narrow  part  of  the  tube 
containing  the  charcoal,  from  a  to  b,  is  now  heated  by 
the  blowpipe  flame  ;  when  red-hot,  the  tuhe  is  in- 
clined, so  that  the  "bottom  also  may  hecome  heated. 
The  arsenious  oxide,  if  present,  is  vaporised,  and 
reduced  by  the  charcoal,  and  a  ring  of  metallic  arsenic  deposited 
on  the  cool  part  of  the  tube.    To  complete  the  experiment,  the 
tube  may  be  melted  at  a  by  the  point  of  the  flame,  drawn  off, 
and  closed,  and  the  arsenic  oxidised  to  arsenious  oxide,  by 
chasing  it  up  and  down  by  the  heat  of  a  small  spirit-lamp.  A 
little  water  may  afterwards  he  introduced,  and  boiled  in  the  tuhe, 
by  which  the  arsenious  oxide  will  be  dissolved,  and  to  this  solu- 
tion the  tests  of  silver  nitrate  and  ammonia,  copper  sulphate 
and  ammonia,  and  hydrogen  sidphide,  may  be  applied. 

When  the  search  for  solid  arsenious  oxide  fails,  the  liquid  itself 
must  be  examined  ;  a  tolerably  limpid  solution  must  be  obtained, 
trom  which  the  arsenic  may  be  precipitated  by  hydrogen  sulphide, 
ana  the  orpiment  collected,  and  reduced  to  the  metallic  state.  It 
«  ui  the  first  part  of  this  operation  that  the  chief  difficulty  is 
ttrand  :  such  organic  mixtures  refuse  to  filter,  or  filter  so  slowly 
as  to  render  some  method  of  acceleration  indispensable*  Boiling 
)     f    m,  caustic  Pota8h  or  acetic  acid  will  sometimes  effect  this 
ooject    I  he  following  is  an  outline  of  a  plan  which  has  been 
"•"'"l  successful  in  a  variety  of  cases  in  which  a  very  small 
quantity  "I  arsenious  acid  had  been  purposely  added  to  an  organic 
u'n  \T  :        °f  v,tri"1' its<  IF  Perfectly  free  from  arsenic,  is  mixed 
L"  ^e  suspected  liquid,  in  the  proportion  of  about  a  measured 
ounce  to  a  .pint.,  having  been  previously  diluted  with  a  little  water, 
the  whole  is  boiled  in  a  llask  for  half  an  hour,  or  until  a  com- 
pete separation  of  solid  and  liquid  mailer  becomes  manifest. 
Respecting  the  separation  of  the  arsenious  acid  by  dialysis,  see  page  MO. 
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The  acid  converts  any  starch  that  may  he  present  into  dextrin  and 
sngar  :  it  completely  coagulates  albuminous  substances,  and  casein, 
in  the  case  of  milk,"  and  brings  the  whole  in  a  very  short  time  into 
a  state  in  which  filtration  is  both  easy  and  rapid.    Through  the 
filtered  solution,  when  cold,  a  current  of  hydrogen  sulphide  is 
transmitted,  and  the  liquid  is  warmed,  to  facilitate  the  deposition 
of  the  arsenious  sulphide,  which  falls  in  combination  with  a  large 
quantity  of  organic  matter,  which  often  communicates  to  it  a  dirty 
colour.    This  is  collected  upon  a  small  filter,  and  washed.    It  is 
next  transferred  to  a  capsule,  and  heated  with  a  mixture  of  nitric 
and  hydrochloric  acids,  by  which  the  organic  impurities  are  in 
great  measure  destroyed,  and  the  arsenic  oxidised  to  arsenic  acid. 
The  solution  is  evaporated  to  dryness,  the  soluble  part  taken  up 
by  dilute  hydrochloric  acid,  and  then  the  solution  saturated  with 
sulphurous  acid,  whereby  the  arsenic  acid  is  reduced  to  the  state 
of  arsenious  acid,  the  sulphurous  being  oxidised  to  sulphuric  acid. 
The  solution  of  arsenious  acid  may  now  be  precipitated  by  hydro- 
gen sulphide  without  any  difficulty.    The  liquid  is  warmed,  and 
the  precipitate  wash  ed  by  decantation,  and  dried.    It  is  then  mixed 
with  black  flux,  and  heated  in  a  small  glass  tube,  similar  to  that 
already  described,  with  similar  precautious  ;  a  ring  of  reduced 
arsenic  is  obtained,  which  may  be  oxidised  to  arsenious  oxide, 
and  further  examined.    The  black  flux  is  a  mixture  of  potassium 
carbonate  and  charcoal,  obtained  by  calcining  cream  of  tartar  in 
a  close  crucible  ;  the  alkali  transforms  the  sulphide  into  arsenious 
acid,  the  charcoal  subsequently  effecting  the  deoxidation.    A  mix- 
ture of  anhydrous  sodium  carbonate  and  charcoal  may  be  substi- 
tuted with  advantage  for  the  common  black-flux,  as  it  is  less 
hygroscopic. 

Other  methods  of  proceeding,  different  in  principle  from  the 
foregoing,  have  been  proposed,  as  that  of  the  late  Mr.  Marsh, 
which  is  exceedingly  delicate.  The  suspected  liquid  is  acidulated 
with  sulphuric  acid,  and  placed  in  contact  with  metallic  zinc ; 
the  hydrogen  reduces  the  arsenious  acid  and  combines  with  the 
arsenic,  if  any  be  present.  The  gas  is  burned  at  a  jet,  and  a  piece 
of  glass  or  porcelain  held  in  the  flame,  when  any  admixture  <H 
arsenetted  hydrogen  is  at  once  known  by  the  production  of  a  brd- 
liant  black  metallic  spot  of  reduced  arsenic  on  the  porcelain  ;  or 
the  gas  is  passed  through  a  glass  tube  heated  at  one  or  two  places 
to  redness,  whereby  the  arsenetted  hydrogen  is  decomposed,  a  ring 
of  metallic  arsenic  appearing  behind  the  heated  portion  of  the 
tube. 

It  has  been  observed  (page  476)  that  antimonetted  hydrogen 
gives  a  similar  result.  In  order  to  distinguish  the  two  substances, 
the  gas  may  be  passed  into  a  solution  of  silver  nitrate.  Both  gases 
give  rise  to  a  black  precipitate,  which,  in  the  case  of  antimonetted 
hydrogen,  consists  of  silver  antimonide,  Ag3Sb,  whilst  in  the  case 
of  arsenetted  hydrogen,  it  is  pure  silver,  the  arsenic  being  then 
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converted  into  arsenious  acid,  which  combines  with  a  portion  of 
silver  oxide.  The  silver  arsenite  remains  dissolved  in  the  nitric 
acid  which  is  liberated  by  the  precipitation  of 
the  silver,  and  may  be  thrown  clown  with  its 
characteristic  yellow  colour  by  adding  ammo- 
nia to  the  liquid  filtered  off  from  the  black 
precipitate.  The  black  silver  antimonide, 
when  carefully  washed,  and  subsequently 
boiled  with  a  solution  of  tartaric  acid,  yields 
a  solution  containing  antimony  only,  from 
which  hydrogen  sulphide  separates  the  charac- 
teristic orange-yellow  precipitate  of  anti- 
nionious  sulphide. 

A  convenient  form  of  Marsh's  instrument  is 
that  shown  in  fig.  146  :  it  consists  of  a  bent 
tube,  having  two  bulbs  blown  upon  it,  fitted 
with  a  stop-cock  and  narrow  jet.  Slips  of  zinc 
are  put  into  the  lower  bulb,  which  is  afterwards 
filled  with  the  liquid  to  be  examined.  On  re- 
placing the  stop-cock,  closed,  the  gas  collects  and  forces  the  liquid 
into  the  upper  brdb,  which  then  acts  by  its  hydrostatic  pressure, 
and  expels  the  gas  through  the  jet  so  soon  as  the  stop-cock  is 
opened.  _  It  must  be  borne  in  mind  that  both  common  zinc  and 
sulphuric  acid  often  contain  traces  of  arsenic.  Professor  Bloxam* 
has  proposed  an  important  modification  of  Marsh's  process  for  the 
detection  of  arsenic  and  antimony  in  organic  substances,  which  is 
based  on  the  behaviour  of  solutions  of  these  metals  under  the 
influence  of  the  electric  current.  Antimony  is  deposited  in  the 
metallic  state,  without  any  disengagement  of  antimonetted  hydro- 
gen, while  arsenic  is  evolved  as  arsenetted  hydrogen,  which  may 
be  recognised  by  the  characters  already  indicated. 

A  slip  of  copper-foil  boiled  in  the  poisoned  liquid,  previously 
acidulated  with  hydrochloric  acid,  withdraws  the  arsenic,  and  be- 
comes covered  with  a  white  alloy.  By  heating  the  metal  in  a 
glass  tube,  the  arsenic  is  expelled,  and  oxidised  to  arsenious  acid. 
Tnis  is  called  Reinsch's  test. 


Fiff.  146. 


BISMUTH. 

Atomic  weight,  210  ;  symbol,  Bi. 

Bismuth  is  found  chiefly  in  the  metallic  state,  disseminated 
tnrough  various  rocks,  from  which  it  is  separated  by  simple  ex- 
posure to  heat.  The  metal  is  highly  crystalline  and' very  brittle  : 
11  has  a  reddish-white  colour,  and  a  density  of  9-9.  Crystals  of 
great  beauty  may  be  obtained  by  slowly  cooling  a  considerable 

*  Journal  of  the  Chemical  Society,  xiii.  338. 
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mass  of  this  substance  until  solidification  has  commenced,  then 
piercing  the  crust,  and  pouring  out  the  fluid  residue.  Bismuth 
melts  at  about  260°,  and  volatilises  at  a  high  temperature.  It  is 
remarkable  as  being  the  most  diamagnetic  of  all  known  bodies. 
It  is  little  oxidised  by  the  air,  but  burns  with  a  bluish  flame 
when  strongly  heated.    Nitric  acid  somewhat  diluted  dissolves  it 

freely.  ,      .  . 

Bismuth  forms  three  classes  of  compounds,  in  which  it  is  bi-, 
tri-,  and  quinquivalent  respectively.  The  tri-compounds  are  the 
most  stable  and  the  most  numerous.  The  only  known  compounds 
in  which  bismuth  is  quinquivalent  are  indeed  the  pentoxide,  Bi206, 
together  with  the  corresponding  acid  and  metallic  salts.  Never- 
theless, bismuth  is  regarded  as  a  pentad,  on  account  of  the  ana- 
logy of  its  compounds  with  those  of  antimony.  Several  bismuth 
compounds  are  known  in  which  the  metal  is  apparently  bivalent, 
but  really  trivalent,  as  : 

BiCI,  Bi— 0 

Bi,Cl4,  or  |       ;    Bi202,  or  |         ,  &c 
BiCl2  Bi=0 

Chlorides— The  trichloride  or  Bismuthous  chloride  is  formed 
when  bismuth  is  heated  in  a  current  of  chlorine  gas,  and  passes 
over  as  a  white,  easily  fusible  substance,  which  readily  attracts 
moisture  from  the  air,  and  is  converted  into  a,  crystallised 
hydrate.  The  same  substance  is  produced  when  bismuth  is  dis- 
solved in  nitromuriatic  acid,  and  the  solution  evaporated.  Bis- 
muthous chloride  dissolves  in  water  containing  hydrochloric  acid, 
but  is  decomposed  by  pure  water,  yielding  a  white  precipitate  of 
oxychloride : 

BiCl3  +  H20  =  BiCIO  +  2HC1. 

The  dichloride,  Bi9Cl4,  produced  by  heating  the  trichloride  with 
metallic  bismuth,  is  a  brown,  crystalline,  easily  fusible  mass, 
decomposed  by  water.  At  a  high  temperature  it  is  resolved  into, 
the  trichloride  and  metallic  bismuth.  • 

Oxides. — The  trioxide,  or  Bismuthous  oxide,  is  a  straw-yellow 
powder,  obtained  by  gently  igniting  the  neutral  or  basic  nitrate-. 
It  is  fusible  at  a  high  temperature,  and  in  that  state  acts  towards 
siliceous  matter  as  a  powerful  flux. 

The  hydrate,  Bi'"H02,  or  Bi203.H20,  is  obtained  as  a  white  pre- 
cipitate when  a  solution  of  the  nitrate  is  decomposed  by  an  alkali. 
Both  the  hydrate  and  the  anhydrous  oxide  dissolve  in  the  stronger 
acids,  forming  the  bismuthous  salts,  which  have  the  composition 
Bi"'R3,  where  R  denotes  an  acid  radical,  e.g.,  Bi'"Cl3,  Bi"'(NO,)3, 
Bi"'2(S04)3.  Many  of  these  salts  crystallise  well,  but  cannot  exist 
in  solution  unless  an  excess  of  acid  is  present.  On  diluting  the 
solutions  with  water,  a  basic  salt  is  precipitated,  and  an  acid  salt 
remains  in  solution. 
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The  normal  nitrate,  Bi"'(N03)3.5H20,  or  Bi203.3N2Ofi.  10H20, 
forms  large  transparent  colourless  crystals,  which  are  decomposed 
by  water  in  the  manner  just  mentioned,  yielding  an  acid  solution 
containing  a  little  bismuth,  and  a  brilliant  white  crystalline 
powder,  which  varies  to  a  certain  extent  in  composition  according 
to  the  temperature  and  the  quantity  of  water  employed,  but  fre- 
quently  consists  of  a  basic  nitrate,  Bi203.N205.2H20,  or  Bi'"(N03)3. 
Bi203.3H20.  A  solution  of  bismuth  nitrate,  free  from  any  great 
excess  of  acid,  poured  into  a  large  quantity  of  cold  water,  yields  an 
insoluble  basic  nitrate,  very  similar  in  appearance  to  the  above, 
but  containing  rather  a  large  proportion  of  bismuth  oxide.  '  This 
basic  nitrate  was  once  extensively  employed  as  a  cosmetic,  but  it 
is  said  to  injure  the  skin,  rendering  it  yellow  and  leather-like.  It 
is  used  in  medicine. 

•  Bismuth  pentoxide,  or  Bismuthic  oxide. — When  bismuth  trioxide 
is  suspended  in  a  strong  solution  of  potash,  and  chlorine  passed 
through  the  liquid,  decomposition  of  water  ensues,  hydrochloric 
acid  being  formed,  and  the  trioxide  being  converted  into  the  pent- 
oxide.  To  separate  any  trioxide  that  may  have  escaped  oxidation, 
the  powder  is  treated  with  dilute  nitric  acid,  when-  the  bismuthic 
oxide  is  left  as  a  reddish  powder,  which  is  insoluble  in  water. 
This  substance  combines  with  bases,  but  the  compounds  are  not 
very  well  known.    According  to  Arppe,  there  is  an  acid  potassium 


bismuthate  containing  Bi2KHOc,  or  2Bi,05.    ^  Thepent. 


oxide  when  heated  loses  oxygen,  an  intermediate  oxide,  Bi204, 
being  formed,  which  may  be  considered  as  bismuthous  bismuthate, 
SBipt  =  Bi203.Bi205. 

Bismuth  is  sufficiently  characterised  by  the  decomposition  of 
the  nitrate  and  chloride  by  water,  and  by  the  black  precipitate 
of  bismuth  sulphide,  insoluble  in  ammonium-sulphide,  which  its 
solutions  yield  when  exposed  to  the  action  of  hydrogen  sulphide. 
l  A  mixture  of  8  parts  of  bismuth,  5  parts  of  lead,  and  3  of  tin, 
is  known  under  the  name  of  fusible  metal,  and  is  employed  in 
taking  impressions  from  dies  and  for  other  purposes :  it  melts 
below  100°. 

Bismuth  is  used,  in  conjunction  with  antimony,  in  the  construc- 
tion of  thermo-electric  piles,  these  two  metals  forming  the  op- 
posite extremes  of  the  thermo-electric  series. 


VANADIUM. 

Atomic  weight,  51-2  ;  symbol,  V. 
H'M  is  found,  in  small  quantity,  in  some  iron  ores,  also  as 
e  of  lead.    It  has  likewise  been  discovered  in  the  iron  slag 
ordshire,  and  recently,  by  Roscoe*  in  larger  quantity  in  the 
*  Proceedings  of  the  Royal  Society,  xvi.  223. 
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copper-bearing  beds  at  Alderley  Edge  and  Mottram  St.  Andrews, 
in  Cheshire.  Metallic  vanadium  is  obtained  by  prolonged  ignition 
of  the  dichloride  in  pure  dry  hydrogen,  as  a  greyish  white  powder, 
appearing  under  the  microscope  as  a  crystalline  mass,  with  a  strong 
silver-white  lustre.  It  is  non-volatile,  decomposes  water  at  100°, 
does  not  tarnish  in  the  air,  burns  with  brilliant  scintillations  when 
thrown  into  a  flame;  burns  vividly  when  quickly  heated  in  oxygen, 
forming  the  pentoxide;  is  insoluble  in  hydrochloric  acid;  dissolves 
slowly  in  hydrofluoric  acid  with  evolution  of  hydrogen,  rapidly 
in  nitric  acid,  forming  a  blue  solution.  In  a  current  of  chlorine  it 
takes  fire,  and  is  converted  into  the  tetrachloride. 

Vanadium  was,  till  lately,  regarded  as  a  hexad  metal,  analogous 
to  tungsten  and  molybdenum ;  but  Roscoe  has  shown  that  it  is  a 
pentad,  belonging  to  the  phosphorus  and  arsenic  group.  This 
conclusion  is  based  upon  the  composition  of  the  oxides  and  oxy- 
chlorides ;  and  on  the  isomorphism  of  the  vanadates  with  the 
phosphates. 

Vanadium  Oxides. — Vanadium  forms  five  oxides,  represented 
by  the  formula?,  V20,  V202,  V203,  V204,  V205,  analogous,  there- 
fore, to  the  oxides  of  nitrogen. 

The  monoxide,  V20,  is  formed  by  prolonged  exposure  of  metallic 
vanadium  to  the  air  at  ordinary  temperatures,  more  quickly  at  a 
dull  red  heat.  It  is  a  brown  substance,  which,  when  heated  in 
the  air,  is  gradually  converted  into  the  higher  oxides. 

The  dioxide,  V202,  which  was  regarded  by  Berzelius  as  metallic 
vanadium,  is  obtained  by  reducing  either  of  the  higher  oxides  with 
potassium,  or  by  passing  the  vapour  of  vanadium  oxytrichloride, 
(VOCI3),  mixed  with  excess  of  hydrogen,  through  a  combustion- 
tube  containing  red-hot  charcoal.  As  obtained  by  the  second 
process,  it  forms  a  light-grey  glittering  powder,_  or  a  metallically 
lustrous  crystalline  crust,  having  a  specific  gravity  of  3-64,  brittle, 
very  difficult  to  fuse,  and  a  conductor  of  electricity.  When  heated 
to  redness  in  the  air,  it  takes  fire  and  burns  to  black  oxide.  It  is 
insoluble  in  sulphuric,  hydrochloric,  and  hydrofluoric  acid,  but 
dissolves  easily  in  nitromuriatic  acid,  forming  a  dark-blue  liquid. 

The  dioxide  may  be  prepared  in  solution  by  the  action  of  nascent 
hydrogen  (evolved  by  metallic  zinc,  cadmium,  or  sodium-amalgam), 
on  a  solution  of  vanadic  acid  in  sulphuric  acid.  After  passing 
through  all  shades  of  blue  and  green,  the  liquid  acquires  a  per- 
manent lavender  tint,  and  then  contains  the  vanadium  in  solution 
as  dioxide,  orashypovanadious  salt.  This  compound  absorbs 
oxygen  more  rapidly  than  any  other  known  agent,  and  bleaches 
indigo  and  other  vegetable  colours  as  quickly  as  chlorine. 

Vanadium  dioxide  may  be  regarded  as  entering  into  many 
vanadium  compounds,  as  a  bivalent  radical  (just  like  uranyl  m 
the  uranic  compounds),  and  may  therefore  be  called  vanadyl. 

Vanadium  trioxide,  V203,  or  Vanadyl  monoxide,  (V202)"0,  is 
obtained  by  igniting  the  pentoxide  in  hydrogen  gas,  or  in  a  crucible 
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lined  with  charcoal.  It  is  a  black  powder,  with  an  almost  metallic 
lustre,  and  infusible ;  by  pressure  it  may  be  united  into  a  coherent 
mass  which  conducts  electricity.  When  exposed  warm  to  the  air, 
it  glows,  absorbs  oxygen,  and  is  converted  into  pentoxide.  At 
ordinary  temperatures,  it  slowly  absorbs  oxygen,  and  is  converted 
into  tetroxide.  By  ignition  in  chlorine  gas  it  is  converted  into 
vanadyl  trichloride  and  vanadium  pentoxide.  It  is  insoluble  in 
acids,  but  may  be  obtained  in  solution  by  the  reducing  action  of 
nascent  hydrogen  (evolved  from  metallic  magnesium)  on  a  solu- 
tion of  vanadic  acid  in  sulphuric  acid. 

Vanadious  oxide,  Vanadium  tetroxide,  or  Vanadyl  dioxide,  V204  = 
(V202)02. — This  oxide  is  produced,  either  by  the  oxidation  of  the 
dioxide  or  trioxide,  or  by  the  partial  reduction  of  the  pentoxide. 
By  allowing  the  trioxide  to  absorb  oxygen  at  ordinary  tempera- 
tures, the  tetroxide  is  obtained  in  blue  shining  crystals.  It 
dissolves  in  acids,  the  more  easily  in  proportion  as  it  has  been  less 
strongly  ignited,  forming  solutions  of  vanadious  salts,  which 
have  a  bright  blue  colour.  The  same  solutions  are  produced  by 
the  action  of  moderate  reducing  agents,  such  as  sulphurous,  sulph- 
ydric,  or  oxalic  acid,  upon  vanadic  acid  in  solution;  also  by 
passing  air  through  acid  solutions  of  the  dioxide  till  a  permanent 
blue  colour  is  attained.  With  the  hydrates  and  normal  carbonates 
of  the  fixed  alkalis,  they  form  a  greyish- white  precipitate  of  hydratecl 
vanadious  oxide,  which  dissolves  in  a  moderate  excess  of  the 
reagent,  but  is  reprecipitated  by  a  large  excess  in  the  form  of  a 
vanadite  of  the  alkali-metal. 

Ammonia  in  excess  produces  a  brown  precipitate,  soluble  in  pure 
water,  but  insoluble  in  water  containing  ammonia. — Ammonium 
sulphide  forms  a  black-brown  precipitate,  soluble  in  excess. — 
Tincture  of  galls  forms  a  finely  divided  black  precipitate,  which 
gives  to  the  liquid  the  appearance  of  ink. 

Vanadium  tetroxide  also  unites  with  the  more  basic  metallic 
oxides,  forming  salts  called  vanadites,  all  of  which  are  insoluble, 
except  those  of  the  alkali-metals.  The  solutions  of  the  alkaline 
vanadites  are  brown,  but  when  treated  with  hydrogen  sulphide, 
they  acquire  a  splendid  red-purple  colour,  arising  from  the  forma- 
tion of  a  sulphur-salt.— Acids  colour  them  blue,  by  forming  a 
double  vanadious  salt;  tincture  of  galls  colours  them  blackish-blue, 
ihe  insoluble  vanadites,  when  moistened  or  covered  with  water, 
become  green,  and  are  converted  into  vanadates. 

Vanadium  pentoxide,  Vanadic  oxide,  or  Vanadyl  trioxide,  V2Or,= 
(v.,02)0,. — This  is  the  highest  oxide  of  vanadium.  It  may  be 
prepared  from  native  lead  vanadate.  This  mineral  is  dissolved  in 
nitric  acid,  and  the  lead  and  arsenic  are  precipitated  by  hydrogen 
BtUphide,  which  at  the  same  time  reduces  the  vanadium  pentoxide 
1,1  tetroxide.  The  blue  filtered  solution  is  then  evaporated  to 
ttryness,  and  the  residue  digested  in  ammonia,  which  dissolves  out 
the  vanadic  oxide  reproduced  during  evaporation.   In  this  solution 
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a  lump  of  sal-ammoniac  is  put ;  as  that  salt  dissolves,  ammonium 
vanadate  subsides  as  a  white  powder,  being  scarcely  soluble  in  a 
saturated  solution  of  ammonium  chloride.  By  exposure  to  a 
temperature  below  redness  in  an  open  crucible,  the  ammonia  is 
expelled,  and  vanadic  oxide  left.  By  a  similar  process,  Roscoe 
has  prepared  vanadic  oxide  from  a  lime  precipitate  containing 
2  per  cent,  of  vanadium,  obtained  in  working  up  a  poor  cobalt  ore 
from  Mottram  in  Cheshire. 

Vanadium  pentoxide  has  a  reddish-yellow  colour,  and  dissolves 
in  1000  parts  of  water,  forming  a  light  yellow  solution.  It  dis- 
solves also  in  stronger  acids,  forming  red  or  yellow  solutions, 
some  of  which  yield  crystalline  compounds  (vanadic  salts)  by 
spontaneous  evaporation.  It  unites,  however,  with  bases  more 
readily  than  with  acids,  forming  salts  called  vanadates.  "When 
fused  with  alkaline  carbonates,  it  eliminates  3  molecules  of  carbon 
dioxide,  forming  orthovanadates  analogous  to  the  orthophosphates ; 
thus : 

3(Na2O.C02)  +  V205  =  SNa^O-V^  +  3C02. 

It  also  forms  metavanadates  and  pyrovanadates  analogous  to  the 
meta-  and  pyro-phosphates,  and  two  series  of  acid  vanadates  or  an- 
hydrovanadates,  viz. : 

Lead  orthovanadate  .  Pb"3(V04)2  or  3Pb"O.V205 
Barium  pyrovanadate.    Ba"9V207  or  2Ba"O.V203 

Strontium  metavanadate  Sr"(V03)9  or  S^'O-.V./), 

Strontium  divanadate  Sr"(V03);.  V905  or  Sr"0.2V,0, 
Strontium  trivanadate    Sr"(V03)2.2V205  or  Sr"0.3V2Oa. 

Lead  metavanadate  occurs  native  as  dechenite;  the  orthovana- 
date also,  combined  with  lead  chloride,  as  vanadinite  or  vanaditc, 
PbCl2.3Pb3(V04)2,  the  mineral  in  which  vanadium  was  first  dis- 
covered. JJescloizite  is  a  diplumbic  vanadate,  Pb2"V207,  or 
2PbO.V206,  analogous  in  composition  to  a  pyrophosphate. 

The  metavanadates  are  mostly  yellow ;  some  of  them,  however, 
especially  those  of  the  alkaline  earth-metals,  and  of  zinc,  cadmium, 
and  lead,  are  converted  by  warming — either  in  the  solid  state,  or 
under  water,  or  in  aqueous  solution,  especially  in  presence  of  a 
free  alkali  or  alkaline  carbonate — into  isomeric  colourless  sails. 
The  same  transformation  takes  place  also,  though  more  slowly,  at 
ordinary  temperatures.  The  metavanadates  of  alkali-metal  are 
colourless.  The  acid  vanadates  are  yellow,  or  yellowish-red,  both 
in  the  solid  state  and  in  solution  :  hence  the  solution  of  a  neutral 
vanadate  becomes  yellowish-red  on  addition  of  an  acid.  The 
metavanadates  of  ammonium,  the  alkali-metals,  barium,  and  lead, 
are  but  sparingly  soluble  in  water ;  the  other  metavanadates  are 
more  soluble.  The  alkaline  vanadates  are  more  soluble  in  pure 
water  than  in  water  containing  free  alkali  or  salt :  hence  they  are 
precipitated  from  then  solutions  by  addition  of  alkali  in  excess 
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or  of  salts.  The  vanadates  are  insoluble  in  alcohol.  The  aqueous 
solutions  of  vanadates  form  yellow  precipitates  with  antimony, 
copper,  lead,  and  mercury  salts ;  with  tincture  of  galls,  they  form 
a  deep  black  liquid,  which  has  been  proposed  for  use  as  vanadium 
ink. 

Hydrogen  sulphide  reduces  them  to  vanadites,  changing  the 
colour  from  red  or  yellow  to  blue,  and  forming  a  precipitate  of 
sulphur.  Ammonium  sulphide  colours  the  solutions  brown-red 
and,  on  adding  an  acid,  a  light  brown  precipitate  is  formed  con- 
sisting of  vanadic  sulphide  mixed  with  sulphur,  the  liquid  at  the 
same  time  turning  blue.  Hydrochloric  acid  decomposes  the  vana- 
dates^ with  evolution  of  chlorine  and  formation  of  vanadium 
tetroxide. 

Vanadium  Chlorides.— Three  of  these  compounds  have  been 
obtained,  viz. :  VC12,  VC13,  and  VC14. 

The  tetrachloride,  VC14,  is  formed  when  metallic  vanadium  or  the 
niononitride  is  heated  in  a  current  of  chlorine,  or  when  the  vapour 
of  the  oxytrichloride,  VOCl3,  mixed  with  chlorine,  is  passed  several 
times  over  red-hot  charcoal.  It  is  a  dark  yellowish-brown  liquid, 
having  a  specific  gravity  of  1-8384  at  0°,  boiling  at  154°,  not  solidi' 
fying  at  18°.    Its  vapour-density  referred  to  hydrogen  is  96-6, 

which  is  half  the  molecular  weight,  (=-51'2  +  4  X  35'5^  snow. 

pag  that  the  molecule  VC14  exhibits  the  normal  condensation  to 
2  volumes  of  vapour.  The  tetrachloride  is  quickly  decomposed  by 
water,  forming  a  blue  solution  of  vanadious  acid.  It  does  not 
take  up  bromine  or  an  additional  quantity  of  chlorine  when  heated 
therewith  in  sealed  tubes :  hence  it  appears  that  vanadium  does 
not  readily  form  pentad  compounds  with  the  monatomic  chlorous 
elements. 

The  trichloride,  VC13,  obtained  by  decomposition  of  the  tetra- 
chloride, slowly  at  ordinary  temperatures,  quickly  at  the  boiling 
heat,  crystallises  in  peach-blossom-coloured  shining  plates  resem- 
bling chromic  chloride.  It  is  slowly  decomposed  by  water  forming 
a  green  solution  of  hypovanadic  acid. 

Thti  dichloride,  VC12,  obtained  by  passing  the  vapour  of  the 
e  rachloride  mixed  with  hydrogen  through  a  red-hot  tube,  crys- 
^Uises  in  green  micaceous  plates,  which  are  decomposed  by  water, 
terming  a  violet  solution  of  hypovanadious  acid. 

Vanadium  Oxychlorides,  or  Vanadyl  Chlorides.— Four  of 
these  compounds  are  known,  viz.,  V0C13,  V0C12,  VOC1,  and 

The  ozytricMonde,  V0"C13,  (formerly  regarded  as  vanadium  tri- 
chloride), is  prepared : 

(1)  By  the  action  of  chlorine  on  the  trioxide  : 

3V203    +    CLn    =    V,05    +  4VOCl:j. 

(2)  By  burning  the  dioxide  in  chlorine  gas,  or  by  pissing  !hat 
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gas  over  on  ignited  mixture  of  the  trioxide,  tetroxide,  or  pentoxide, 
and,  condensing  the  vapours  in  a  cooled  U-tuhe. 

Vanadium  oxytrichloride,  or  vanadyl  trichloride,  is  a  golden- 
yellow  liquid,  of  specific  gravity  1-841  at  14-5°.  Boiling-point, 
127°.  Vapour-density,  by  experiment,  6-108  ;  by  calculation,  6-119. 
When  exposed  to  the  air,  it  emits  cinnabar-coloured  vapours, 
being  resolved  by  the  moisture  of  the  air  into  hydrochloric  and 
vanadic  acids.  It  oxidizes  magnesium  and  sodium.  Its  vapour, 
passed  over  perfectly  pure  carbon  at  a  red  heat,  yields  carbon  di- 
oxide ;  and  when  passed,  together  with  hydrogen,  through  a  red-hot 
tube,  yields  vanadium  trioxide.  These  reactions  show  that  the 
compound  contains  oxygen. 

The  other  oxychlorides  of  vanadium  are  solid  bodies  obtained 
by  partial  reduction  of  the  oxytrichloride  with  zinc  or  hydrogen. 

The  tribromide,  VBr3,  and  the  oxybromides,  VOBr3,  and  VOBr2, 
have  also  been  obtained.  The  first  is  a  greyish-black  amorphous 
solid ;  the  second  a  dark-red  liquid ;  the  third,  a  yellowish-brown 
deliquescent  solid. 

Vanadium  Sulphides. — Two  of  these  compounds  are  known, 
analogous  to  the  tetroxide  and  pentoxide ;  both  are  sulphur-acids. 
The  tetrasulphide,  or  Vanadious  sulphide,  V2S4,  is  a  black  substance 
formed  by  heating  the  tetroxide  to  redness  in  a  stream  of  hydrogen 
sulphide ;  also  as  a  hydrate  by  dissolving  a  vanadious  salt  in  ex- 
cess of  an  alkaline  monosulphide,  and  precipitating  with  hydro- 
chloric acid.  The  pentasulphide,  or  Vanadic  sulphide,  V2S5,  is 
formed  in  like  manner  by  precipitation  from  an  alkaline  validate. 

Vanadium  Nitrides.  —  The  mononitride,  VN,  is  formed  by 
heating  the  compound  of  vauadium  oxytrichloride  with  ammonium 
chloride  to  whiteness  in  a  current  of  ammonia  gas.  It  is  a  greenish- 
white  powder  unalterable  in  the  air.  The  dinitride,  VN2,  or  V.,N4, 
is  obtained  by  exposing  the  same  double  salt  in  ammonia  gas  to 
a  moderate  heat.  It  is  a  black  powder  strongly  acted  upon  by 
nitric  acid. 


All  vanadium  compounds  heated  with  borax  or  phosphorus-salt 
in  the  outer  blow-pipe  flame  produce  a  clear  bead,  which  is  colour- 
less if  the  quantity  of  vanadium  is  small,  yellow  when  it  is  large ; 
in  the  inner  flame  the  bead  acquires  a  beautiful  green  colour. 

Vanadic  and  chromic  acids  are  the  only  acids  whose  solutions 
are  red ;  they  are  distinguished  from  one  another  by  the  vanadic 
acid  becoming  blue,  and  the  chromic  acid  green,  by  deoxidation. 

When  a  solution  of  vanadic  acid,  or  an  acididated  solution  of 
an  alkaline  vanadate,  is  shaken  up  with  ether  containing  hydrogen 
dioxide,  the  aqueous  solution  acquires  a  red  colour,  like  that  of 
ferric  acetate,  while  the  ether  remains  colourless.  This  reaction 
will  serve  to  detect  the  presence  of  1  part  of  vanadic  acid  in  40,000 
parts  of  liquid.  The  other  reactions  of  vanadium  in  solution  have 
already  been  described. 
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TANTALUM. 

Atomic  weight,  182 ;  symbol,  Ta. 

This  metal  was  discovered,  in  1803,  by  Ekeberg,  in  two  Swedish 
minerals,  tantalite  and  yttrotantalite.  A  very  similar  metal,  colum- 
bium,  had  been  discovered  in  the  preceding  year  by  Hatchett,  in 
columbite  from  Massachusetts;  and  Wollaston,  in  1807,  on  com- 
paring the  compounds  of  these  metals,  concluded  that  they  were 
identical,  an  opinion  which  was  for  many  years  received  as  correct ; 
but  their  separate  identity  has  been  completely  established  by  the 
researches  of  H.  Eose  (commenced  in  1846),  who  gave  to  the  metal 
from  the  American  and  Bavarian  colmnbites,  the  name  Niobium, 
by  which  it  is  now  universally  known.  More  recently,  Marignac 
has  shown  that  nearly  all  tantalites  and  colmnbites  contain  both 
tantalum  and  niobium  (or  columbimn),  some  tantalates,  from 
Kimito,  in  Finland,  being,  however,  free  from  niobium,  and  some 
of  the  Greenland  columbites  containing  only  the  latter  metal  un- 
mixed with  tantalum.  In  all  these  minerals  tantalum  exists 
as  a  tantalate  of  iron  and  manganese ;  yttrotantalite  is  essentially 
a  tantalate  of  yttrium,  containing  also  uranium,  calcium,  iron, 
and  other  metals.  Tantalum  is  also  contained  in  some  varieties 
of  wolfram. 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalate  of 
potassium  or  sodium  with  metallic  sodium  in  a  well-covered  iron 
crucible,  and  washing  out  the  soluble  salts  with  water.  It  is  a 
black  powder,  which,  when  heated  in  the  air,  burns  with  a  bright 
light,  and  is  converted,  though  with  difficulty,  into  tantalic  oxide. 
It  is  not  attacked  by  sulphuric,  hydrochloric,  nitric,  or  even  nitro- 
muriatic  acid.  It  dissolves  slowly  in  warm  aqueous  hydrofluoric 
acid,  with  evolution  of  hydrogen,  and  very  rapidly  in  a  mixture 
of  hydrofluoric  and  nitric  acids. 

Tantalum,  in  its  principal  compounds,  is  quinqruvalent,  the 
formula  of  tantalic  chloride  being  TaCl5,  that  of  tantalic  fluoride, 
TaF5,  and  that  of  tantalic  oxide  (which,  in  combination  with 
bases,  forms  the  tantalates),  Ta205.  There  is  also  a  tantalous 
oxide,  said  to  have  the  composition  Ta02,  and  a  corresponding 
sulphide,  TaS2.  X  S 

Tantalic  Chloride.— TaCl6  is  obtained,  as  a  yellow  subli- 
mate, by  igniting  an  intimate  mixture  of  tantalic  oxide  and  char- 
coal m  a  stream  of  chlorine  gas.  It  begins  to  volatilize  at  144°, 
and  melts  to  a  yellow  liquid  at  221°.  The  vapour-density  between 
350  and  440°  has  been  found  by  Deville  and  Troost  to  be  12-42 
referred  to  air,  or  178-9  referred  to  hydrogen:  by  calculation, 
ior  the  normal  condensation  to  two  volumes,  it  is  179-75.  Tantalic 
chloride  is  decomposed  by  water,  yielding  hydrochloric  and  tan- 
talic acids;  but  the  decomposition  is  not  complete  even  at  the 
boiling  heat. 
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Tantalic  Fluoride,  TaFs,  is  obtained  in  solution  by  treating 
tantalic  hydrate  with  aqueous  hydrofluoric  acid.  The  solution, 
mixed  with  alkaline  fluorides,  forms  soluble  crystallisable  salts, 
called  tantalofluorides,  or  fluotantalates.  The  potassium 
salt,  TaK2F7  or  TaF5.2KF,  crystallises  in  monoclinic  prisms,  iso- 
morphous  with  the  corresponding  fluoniobate. 

Tantalic  Oxide,  Ta205,  is  produced  when  tantalum  burns  in 
the  air,  also  by  the  action  of  water  on  tantalic  chloride,  and 
may  be  separated  as  a  hydrate  from  the  tantalates  by  the  action 
of  acids.  It  may  be  prepared  from  tantalite,  which  is  a  tantalate 
of  iron  and  manganese,  by  fusing  the  finely  pulverised  mineral 
with  twice  its  weight  of  potassium  hydrate,  digesting  the  fused 
mass  in  hot  water,  and  supersaturating  the  filtered  solution 
with  hydrochloric  or  nitric  acid :  hydrated  tantalic  oxide  is  then 
precipitated  in  white  flocks,  which  may  be  purified  by  washing 
with  water.* 

Anhydrous  tantalic  oxide,  obtained  by  igniting  the  hydrate  or 
sulphate,  is  a  white  powder,  varying  in  density  from  7  022  to 
8 -264,  according  to  the  temperature  to  which  it  has  been  exposed. 
Heated  in  ammonia  gas  it  yields  tantalum  nitride :  heated  with 
carbon  bisulphide,  it  is  converted  into  tantalum  bisulphide.  Ik  is 
insoluble  in  all  acids,  and  can  be  rendered  soluble  only  by  fusion 
with  potassium  hydrate  or  carbonate. 

Hydrated  Tantalic  oxide,  or  Tantalic  acid,  obtained  by  precipi- 
tating an  aqueous  solution  of  potassium  tantalate  with  hydrochloric 
acid,  is  a  snow-white  bulky  powder,  which  dissolves  in  hydro- 
chloric and  hydrofluoric  acids ;  when  strongly  heated,  it  glows  and 
gives  off  water. 

Tantalic  oxide  unites  with  basic  metallic  oxides,  forming  the 
tantalates,  which  are  represented  by  the  formula?,  M2O.Ta205  and 
4M20.3Ta205,  the  first  including  the  native  tantalates,  such  as  fer- 
rous tantalate,  and  the  second  certain  easily  crystallisable  tanta- 
lates of  the  alkali-metals.  The  tantalates  of  the  alkali-metals  are 
soluble  in  water,  and  are  formed  by  fusing  tantalic  oxide  with 
caustic  alkalis:  those  of  the  earth-metals  and* heavy  metals  are  in- 
soluble and  are  formed  by  precipitation. 

Tantalum  dioxide,  or  Tantalous  oxide,  TaO„,  may  be  represented 
0=Ta=0 

by  the  formula  ,  in  which  the  metal  is  still  quin- 

0=Ta=0 

quivalent.  It  is  produced  by  exposing  tantalic  oxide  to  an  intense 
heat  in  a  crucible  bned  with  charcoal.  It  is  a  hard  dark  grey 
substance,  which,  when  heated  in  the  air,  is  converted  into  tantalic 
oxide. 

*  For  more  complete  methods  of  preparation,  see  Watts's  "Dictionary 
of  Chemistry,"  vol.  v.  p.  665. 


TANTALUM. 


497 


Hydrochloric,  or  sulphuric  acid,  added  in  excess  to  a  solution  of 
alkaline  tantalate,  forms  a  precipitate  of  tantalic  acid,  which  re- 
dissolves  in  excess  of  .the  hydrochloric,  but  not  of  the  sulphuric 
acid.  Potassium  ferrocyanide,  added  to  a  very  slightly  acidulated 
solution  of  an  alkaline  tantalate,  forms  a  yellow  precipitate  ;  the 
ferricyanide,  a  white  precipitate.  Infusion  of  galls  forms  a  lmht 
yellow  precipitate,  soluble  in  alkalis.  When  tantalic  chloride  is 
dissolved  in  strong  sulphuric  acid,  and  then  water  and  metallic 
vine  are  added,  a  fine  blue  colour  is  produced,  which  does  not  turn 
brown,  but  soon  disappears. 

Tantalic  oxide  fused  with  microcosmic  salt  in  either  blow-pipe 
name  forms  a  clear,  colourless  glass,  which  does  not  turn  red  on 
addition  of  a  ferrous  salt.  With  borax  it  also  forms  a  transparent 
glass,  which  may  be  rendered  opaque  by  interrupted  blowing,  or 
flaming. 


NIOBIUM,  or  COLTJMBIUM. 

Atomic  weight,  94  ;  symbol,  Nb. 

This  metal,  discovered  in  1801  by  Hatchett,  in  American  colum- 
bite,  exists  likewise,  associated  with  tantalum,  in  columbites  from 
other  sources,  and  in  most  tantalites;  also,  associated  with 
yttrium,  uranium,  iron,  and  small  quantities  of  other  metals,  in 
Siberian  samarskite,  uranotantalite,  or  yttroilmenite  ;  also  in  pyro- 
chlore,  euxenite,  and  a  variety  of  pitchblende  from  Satersdalen  in 
Norway. 

The  metal,  obtained  in  the  same  manner  as  tantalum,  is  a  black 
powder,  which  oxidises  with  incandescence  when  heated  in  the 
air.  It  dissolves  in  hot  hydrofluoric  acid,  with  evolution  of  hydro- 
gen, and,  at  ordinary  temperatures,  in  a  mixture  of  hydrofluoric 
and  nitric  acid ;  slowly,  also,  when  heated  with  strong  sulphuric 
acid.  It  is  oxidised  by  fusion  with  acid  potassium  sulphate,  and 
gradually  converted  into  potassium  niobate  by  fusion  with  potas- 
sium hydrate  or  carbonate. 

Niobium  is  quinquivalent,  and  forms  only  one  class  of  com- 
pounds, namely,  a  chloride,  NbCl5 ;  oxide,  Nb206 ;  oxychloride, 
■N  iiOC13,  &c. 

Niobic  Oxide,  Nb206,  is  formed  when  the  metal  burns  in  the 
air.  ft  m  prepared  from  columbite,  &c,  by  fusing  the  levigated 
mineral  m  a  platinum  crucible  with  6  or  8  parts  of  acid  potassium 
sulphate,  removing  soluble  salts  by  boiling  the  fused  muss  with 
water,  digesting  the  residue  with  ammonium  sulphide  to  dissolve 
ran  and  tungsten,  boiling  with  Btrong  hydrochloric  acid  to  remove 
iron,  uranium,  and  other  metals,  and  finally  washing  with  water. 
Niobic  oxide  is  thus  obtained  generally  mixed  with  tantalic  oxide, 
from  which  it  is  separated  by  means  of  hydrogen  and  potassium 
fluoride,  HF.KF,  which  converts  the  tantalum  into  sparingly 
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soluble  potassium  tantalofluoride,  2KF.TaFs,  and  the  niobium  into 
easily  soluble  potassium  nioboxyfluoride,  2KF.NbOFg.aq. 

Niobic  oxide  is  also  produced  by  decomposing  niobic  chloride, 
or  oxychloride,  with  water :  when  pure  it  has  a  specific  gravity  of 
4-4  to  4-5.  It  is  an  acid  oxide,  uniting  with  basic  oxides,  and 
forming  salts  called  niobates,  some  of  which  occur  as  natural 
minerals:  columbite,  for  example,  being  a  ferro-manganous 
niobate.  The  potassium  niobates  crystallise  readily,  and  in  well- 
defined  forms.  Marignac  has  obtained  the  salts  4K20.3Nb205. 
16  aq.  crystallising  in  monoclinic  prisms ;  8K20. 7Nb2Os.  32  aq.  in 
pyramidal  monoclinic  crystals;  3K20.2Nb205. 13aq.  in  rhom- 
b'oidal  prisms ;  and  K20 .  3Nb205. 5  aq.  as  a  pulverulent  precipitate, 
by  boiling  a  solution  of  potassium  nioboxyfluoride  with  potassium 
carbonate.  The  sodium  niobates  are  crystalline  powders  which 
decompose  during  washing.  There  is  also  a  sodium  and  potassium 
niobate,  containing  Na20.3K20.3Nb205.9aq. 

Niobic  Chloride,  NbCl6,  is  obtained,  together  with  the  oxy- 
chloride, by  heating  an  intimate  mixture  of  niobic  oxide  and 
charcoal  in  a  stream  of  chlorine  gas.  It  is  yellow,  volatile,  and 
easily  fusible.  Its  observed  vapour-density,  according  to  Deville 
and  Troost,  is  9"6  referred  to  air,  or  138-6  referred  to  hydrogen  as 
unity:   by  calculation  for  a  two-volume   condensation,  it  is 

94  4-5.35-5  =  135.75_   The  ^chloride,  NbOCl3,  is  white,  volatile, 

A 

but  not  fusible :  its  specific  gravity,  referred  to  hydrogen,  is  by 

94  +  16  4-  3.35-5  innOK 
observation,  114-06;  by  calculation,  g  =  109^5. 

Both  these  compounds  are  converted  by  water  into  niobic  oxide. 

Niobic  Oxyfluoride,  NbOF3  is  formed  by  dissolving  niobic 
oxide  in  hydrofluoric  acid.  It  unites  with  the  fluorides  of  the 
more  basic  metals,  forming  salts  isomorphous  with  the  titano- 
fluorides,  stannofluorides,  and  tungstofiuorides,  1  atom  of  oxygen 
in  these  salts  taking  the  place  of  2  atoms  of  fluorine.  Marignac 
has  obtained  five  potassium  nioboxyfluorides,  all  perfectly  crystal- 
lised, namely : 

2KF.NbOF3.aq.,  crystallising  in  monoclinic  plates, 
3KF .  NbOF3  „  cuboid  forms  (system  unde- 

termined), 

3K .  HF .  NbOF3  „  monoclinic  needles, 

5KF.3NbOF3.aq.         „  hexagonal  prisms, 

4KF.3NbOF3.2aq.        „  triclinic  prisms. 

Potassium  niobo fluoride,  3KF.NbFf),  separates  in  shining  mono- 
clinic needles  from  a  solution  of  the  first  of  the  nioboxynuorides 
above  mentioned  in  hydrofluoric  acid.  Nioboxynuorides  of  am- 
monium, sodium,  zinc,  and  copper  have  also  been  obtained.  _ 

The  isomorphism  of  these  salts  with  the  stannofluorides,  titano- 
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fluorides,  and  tungstofluorides,  shows  clearly  that  the  existence  of 
isomorphism  between  the  corresponding  compounds  of  any  two 
elements,  must  not  be  taken  as  a  decided  proof  that,  those  ele 
ments  are  of  equal  atomicity :  for  in  the  case  now  under  con 
sideration,  we  have  isomorphous  salts  formed  by  tin  and  titanium 
which  are  tetrads,  niobium,  which  is  a  pentad,  and  timgsten  which 
is  a  hexad.  °  ' 


The  compounds  of  niobium  cannot  easily  be  mistaken  for  those 
oi  any  other  metal  except  tantalum.  The  most  characteristic  re- 
actions of  mobates  and  tantalates  with  liquid  reagents  are  the 
following : — 


Hydrochloric  acid  . 
Ammonium  chloride 


Potassium  ferrocyanide 
„  ferricyanide 

infusion  of  galls    .  . 


Niohates. 

White  precipitate,  in- 
soluble in  excess. 

Precipitation  slow  and 
incomplete. 


Tantalates. 

White,  precipitate, 
soluble  in  excess. 
Complete  precipi- 
tation as  acid 
ammonium  tan- 
talate. 
Yellow  precipitate. 
White  precipitate. 

Light  yellow  pre- 
cipitate. 

Niobic  oxide,  heated  with  borax  in  the  outer  blow-pipe  flame 
forms  a  colourless  bead,  which,  if  the  oxide  is  in  sufficient!  uSy 
becomes  opaque  by  interrupted  blowing  or  flaming.    In  nlicrocos- 

Srfl  ;VllSSte%lbimdantly'  f™S  a  colo^-s  beaT  rn  the 
outer  flame  and  m  the  inner  a  violet-coloured,  or  if  the  bead  is 


Red  precipitate. 
Bright  yellow  precipi- 
tate. 

Orange-red  precipi- 
tate. 
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CLASS  VI.— HEXAD  METALS. 


CHROMIUM. 

Atomic  weight,  52-2;  symbol,  Cr. 

Chromium  is  found  in  the  state  of  oxide,  in  combination  with  iron 
oxide,  in  some  abundance  in  the  Shetland  Islands,  and  elsewhere  : 
as  lead  chromate  it  constitutes  a  very  beautiful  mineral,  from 
which  it  was  first  obtained.  The  metal  itself  is  prepared  in  a  half- 
fused  condition  by  mixing  the  oxide  with  half  its  weight  of  char- 
ooal-powder,  enclosing  the  mixture  in  a  crucible  lined  with 
charcoal,  and  then  subjecting  it  to  the  very  highest  heat  of  a 
powerful  furnace. 

Deville  has  prepared  metallic  chromium  by  reducing  pure 
chromium  sesqiuoxide,  by  means  of  an  insufficient  quantity  of 
charcoal,  in  a  lime  crucible.  Thus  prepared,  metallic  chromium 
is  less  fusible  than  platinum,  and  as  hard  as  corundum.  It  is 
readily  acted  upon  by  dilute  hydrochloric  acid,  less  so  by  dilute 
sulphuric  acid,  and  not  at  all  by  concentrated  nitric  acid.  Fremy 
obtained  chromium  in  small  cubic  crystals,  by  the  action  of  sodium 
vapour  on  chromium  trichloride  at  a  red-heat.  The  crystalline 
chromium  resists  the  action  of  concentrated  acids,  even  of  nitro- 
muriatic  acid. 

Chromium  forms  a  hexfluoride,  CrvlF6,  and  a  corresponding 
oxide,  Cr''03,  analogous  to  sulphuric  oxide  ;  also,  an  acid,  H2Cr04, 
analogous  to  sulphuric  acid,  with  corresponding  salts,  the  chroma tes, 
which  are  isomorphous  with  the  sidphates.  In  its  other  com- 
pounds, chromium  resembles  iron,  forming  the  chromic  compounds 
Cr2Cl8,  Cr203,  &c,  in  which  it  is  apparently  trivalent  but  really 
quadrivalent,  and  the  chromous  compounds,  CrCl2,CrO,  &c,  iu 
which  it  is  bivalent. 

Chlorides. — The  dicldoride,  or  CJiromous  chloride,  CrCl2,  is  pre- 
pared by  heating  the  violet-coloured  trichloride,  contained  in  a 
porcelain  or  glass  tube,  to  redness  in  a  current  of  perfectly  dry 
and  pure  hydrogen  gas  :  hydrochloric  acid  is  then  disengaged, 
and  a  white  foliated  mass  is  obtained,  which  dissolves  in  water 
with  great  elevation  of  temperature,  yielding  a  blue  solution, 
which,  on  exposure  to  the  air,  absorbs  oxygen  with  extraordinary 
energy,  acquiring  a  deep  green  colour,  and  passing  into  the  slate 
of  chromic  oxychloride,  Cr2Cl0.Cr2O3.  Chromous  chloride  is  one 
of  the  most  powerful  reducing  or  deoxidising  agents  known,  pre- 
cipitating calomel  from  a  solution  of  mercuric  chloride,  instantly 
converting  tungstic  acid  into  blue  tungsten  oxide,  and  precipitat- 
ing CTold  from  a  solution  of  auric  chloride.    It   forms,  with 
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ammonia,  a  .sky-blue  precipitate  which  turns  green  on  exposure 
to  the  air ;  with  ammonia  and  sal-ammoniac,  a  blue  solution 
turning  red  on  exposure  to  the  air ;  and  with  ammonium  sulphide 
a  black  precipitate  of  chromous  sulphide. 

The  trichloride,  or  Chromic  chloride,  Cr2Cl6,  is  obtained  in  the 
anhydrous  state  by  heating  to  redness  in  a  porcelain  tube  a  mix- 
ture of  chromium  sesquioxide  and  charcoal,  and  passing  dry 
chlorine  gas  over  it.  The  trichloride  sublimes,  and  is  deposited 
in  the  cool  part  of  the  tube,  in  the  form  of  beautiful  crystalline 
plates  of  a  pale  violet  colour.  It  is  totally  insoluble  in  water 
under  ordinary  circumstances,  even  at  the  boiling  heat.  It  dis- 
solves, however,  and  assumes  the  deep-green  hydrated  state  in 
water  containing  an  exceedingly  minute  quantity  of  the  dichloride 
m  solution.  The  hydration  is  marked  by  the  evolution  of  much 
heat.  This  remarkable  effect  must  probably  be  referred  to  the 
class  of  actions  known  at  present  under  the  name  of  catalysis. 

The  green  hydrated  chromic  chloride  is  easily  formed  by  dis- 
solving chromic  hydrate  in  hydrochloric  acid,  or  by  boiling  lead 
chromate,  or  silver  chromate,  or  a  solution  of  chromic  acid,  with 
hydrochloric  acid  and  a  reducing  agent,  such  as  alcohol,  or  sulphu- 
rous acid,  or  even  with  hydrochloric  acid  alone  : 

2Cr03  -(-  12HC1  =  CrX'l6  +  6H20  +  C1G. 

The  solution  thus  obtained  exhibits  the  same  characters  as  the 
chromic  oxygen-salts.  When  evaporated  it  leaves  a  dark-green 
syrup,  which,  when  heated  to  100°  in  a  stream  of  dry  air,  yields 
a  green  mass  containing  Cr2Cl0.9H2O.  The  same  solution  evapo- 
p  rn  2  %  vacuum  yields  Sreen  granular  crystals  containing 

Fluorides.— The  triflvoride,  or  Chromic  fluoride,  Cr2Fr,  is 
obtained  by  treating  the  dried  sesquioxide  with  hydrofluoric  acid, 
and  strongly  heating  the  dried  mass,  as  a  dark-green  substance, 
S«ucn  melts  at  a  high  temperature,  and  sublimes  when  still  more 
strongly  heated,  in  shining  regular  octohedrons. 

The  hexfluoride,  CrF6,  is  formed  by  distilling  lead  chromate  with 
fluorspar  and  fuming  oil  of  vitriol  in  a  leaden  retort,  and  conden- 
sing the  vapours  in  a  cooled  and  dry  leaden  receiver.  It  then 
condenses  to  a  blood-red  fuming  liquid,  which  volatilizes  when  its 
temperature  rises  a  few  degrees  higher.  The  vapour  is  red,  and, 
ffneii  inhaled,  produces  violent  coughing  and  severe  oppression  of 
"f  lungs.  The  hexfluoride  is  decomposed  by  water,  yielding 
nydronuonc  and  chromic  acids.  A  fluoride,'  intermediate  in 
composition  between  the  two  just  described,  is  obtained  in  solu- 
tton  by  decomposing  the  brown  dioxide  in  hydrofluoric  acid, 
i ne  solution  is  red,  and  yields  by  evaporation  a  rose-coloured 
salt,  which  is  redissolved  without  alteration  by  water,  and  precipi- 
tated brown  by  ammonia. 
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Oxides. — Chromium  forms  five  oxides,  containing  CrO,  Cr.,04, 
Cr203,  CrO,,  and  Cr03,  the  first  three  being  analogous  in  composi- 
tion to  the  three  oxides  of  iron. 

The  monoxide,  or  Chromous  oxide,  Cr"0,  is  formed  on  adding 
potash  to  a  solution  of  chromous  chloride,  as  a  brown  precipitate, 
which  speedily  passes  to  deep  foxy-red,  with  disengagement  of 
hydrogen,  being  converted  into  a  higher  oxide.  Chromous  oxide 
is  a  powerful  base,  forming  pale-blue  salts,  which  absorb  oxygen 
with  extreme  avidity.  Potassio-chromous  sulphate  contains  Cr"K2 
(S04)2.6H20,  like  the  other  members  of  the  same  group. 

Trtchromic  tetr oxide,  Cr304  =  Cr0.Cr203,  is  the  above-mentioned 
brownish-red  precipitate  produced  by  the  action  of  water  upon 
the  monoxide.  The  decomposition  is  not  complete  without  boiling. 
This  oxide  corresponds  with  the  magnetic  oxide  of  iron,  and  is  not 
salifiable. 

Sesquioxide,  or  Chromic  oxide,  Cr203. — When  mercurous  chro- 
mate,  prepared  by  mixing  solutions  of  mercurous  nitrate  and 
potassium  chromate,  or  dichromate,  is  exposed  to  a  red  heat,  it  is 
decomposed,  pure  chromium  sesquioxide,  having  a  fine  green 
colour,  remaining.  In  this  state  the  oxide  is,  like  alumina  after 
ignition,  insoluble  in  acids.  The  anhydrous  sesquioxide  may  be 
prepared  in  a  beautifully  crystalline  form  by  heating  potassium 
dichromate,  K20.2Cr03,  to  full  redness  in  an  earthen  crucible. 
One-half  of  the  chromium  trioxide  contained  in  that  salt  then 
suffers  decomposition,  oxygen  being  disengaged  and  sesquioxide 
left.  The  melted  mass  is  then  treated  with  water,  which  dissolves 
out  neutral  potassium  chromate,  and  the  oxide  is,  lastly,  washed 
and  dried.  Chromium  sesquioxide  communicates  a  fine  green  tint 
to  glass,  and  is  used  in  enamel  painting.  The  crystalline  sesqui- 
oxide is  employed  hi  the  manufacture  of  razor-strops.  From  a 
solution  of  chromium  sesquioxide  in  potash,  or  soda,  green  gela- 
tinous hydrated  sesquioxide  of  chromium  is  separated  on  standing. 
When  finely  powdered  and  dried  over  sulphuric  acid,  it  consists 
of  Cr203.6H20.  A  hydrate  may  also  be  prepared  by  boiling  a 
somewhat  dilute  solution  of  potassium  dichroniate  strongly  acidu- 
lated with  hydrochloric  acid,  with  small  successive  portions  of 
sugar  or  alcohol.  In  the  former  case  carbon  dioxide  escapes  :  in 
the  latter,  aldehyde  and  also  acetic  acid  are  formed,  substances  with 
which  we  shall  become  acquainted  in  organic  chemistry ;  and  the 
chromic  acid  of  the  salt  becomes  converted  into  chromium  trichlo- 
ride, the  colour  of  the  liquid  changing  from  red  to  deep  green. 
The  reduction  may  also  be  effected,  as  already  observed,  by  hydro- 
chloric acid  alone.  A  slight  excess  of  ammonia  precipitates  the 
hydrate  from  its  solution.  It  has  a  pale  purplish-green  colour, 
which  becomes  full  green  on  ignition ;  an  extraordinary  shrinking 
of  volume  and  sudden  incandescence  are  observed  when  the  hydrate 
is  decomposed  by  heat. 

Chromium  sesquioxide  is  a  feeble  base,  resembling,  and  iso* 
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morphous  with,  iron  sesquioxide  and  alurnina ;  its  salts  (chromic 
salts)  have  a  green  or  purple  colour,  and  are  said  to  be  poison- 
ous. 

Chromic  sulphate,  (Cr2)vi(S04)3,  is  prepared  by  dissolving  the 
hydrated  oxide  in  dilute  sulphuric  acid.  It  unites  with  the  sul- 
phates of  potassium  and  ammonium,  giving  rise  to  nia°-nihcent 
double  salts,  which  crystallise  in  regular  octohedrons  of  a  deep 
claret-colour,  and  possess  a  constitution  resembling  that  of  common 
alum,  the  aluminium  being  replaced  by  chromium.  The  ammo- 
nium-salt, for  example,  has  the  composition  Cr"'(NH4)(S04)2.12  aq. 
The  finest  crystals  are  obtained  by  spontaneous  evaporation,  the 
solution  being  apt  to  be  decomposed  by  heat. 

The  dioxide,  Cr02,  which  is,  perhaps,  a  chromic  chromate, 
Cr03.Cr203,  is  a  brown  substance  obtained  by  digesting  chromic 
oxide  with  excess  of  chromic  acid,  or  by  partial  reduction  of 
chromic  acid  with  alcohol,  sulphurous  acid,  &c. 

#  Chromium  Trioxide,  Cr03 ;  in  combination  with  water,  form- 
ing Chromic  acid,  Cr03.H20  =  H9Cr04  =  (Cr02)"(OH)9.  When- 
ever chromium  sesquioxide  is  strongly  heated  with  an  alkali,  in 
contact  with  air,  oxygen  is  absorbed  and  the  trioxide  generated 
Chromium  trioxide  may  be  obtained  nearly  pure,  and  in  a  state 
ot  great  beauty,  by  mixing  100  measures  of  a  cold  saturated  solu- 
tion of  potassium  dichromate  with  150  measures  of  oil  of  vitriol 
and  leaving  the  whole  to  cool.  It  crystallises  in  brilliant  crimson- 
red  prisms :  the  mother-liquor  is  poured  off,  and  the  crystals  are 
placed  upon  a  tile  to  drain,  being  closely  covered  by  a  glass  or 
bell-jar.  It  is  also  formed  by  decomposing  the  hexfluoride  with  a 
amall  quantity  of  water.  Chromium  trioxide  is  very  deliquescent'' 
and  soluble  m  water :  the  solution  is  instantly  reduced  by  contact 
with  organic  matter. 

Chromic  acid  is  bibasic  and  analogous  in  composition  to  sul- 
phates SaltS        isomorPhous  witn  the  corresponding 

f/tassimi  chromate  K2Cr04,  or  (Cr02)"(OK)2.-This  salt  is 
maae  directly  from  the  native  chrome-iron-ore,  which  is  a  com- 
pound oi  chromium  sesquioxide  and  ferrous  oxide,  analogous  to 
magnetic  iron  ore,  by  calcination  with  nitre  or  with  potassium 
<:ar honate,  or  with  caustic  potash,  the  ore  being  reduced  to  powder 
van  heated  for  a  long  time  with  the  alkali  in  a  reverberatory 
i  mace.  1  he  product,  when  treated  with  water,  yields  a  yellow 
somnon,  which,  by  evaporation,  deposits  anhydrous  crystals  of  the 
„re  ^lovx,  isomorphous  with  potassium  sulphate.  Potassium 
™natehaa  a  cool,  hitter,  and  disagreeable  taste,  and  dissolves  in 
4  parts  of  water  at  15-o°. 

I,-       ■'•'•7 bichromate,   or   anhydrochromate,   K20.2CrO.„  or 
■!     ''•  '•'>,— When  sulphuric  acid  is  added  to  the  preceding 
wn  i„  moderate  quantity,  one  half  of  the  base  is  removed,  and 
me  neutral  chromate  converted  into  dichromate.    The  new  salt, 


504 


HEXAD  METALS. 


of  which  immense  quantities  are  manufactured  for  use  in  the  arts, 
crystallises  by  slow  evaporation  in  beautiful  red  tabular  crystals, 
derived  from  a  triclinic  prism.  It  melts  when  heated,  and  is 
soluble  in  10  parts  of  water ;  the  solution  has  an  acid  reaction. 

Potassium  trichromate,  K20.3Cr03,  or  K2Cr04.2Cr03,  may  be 
obtained  in  crystals  by  dissolving  the  dichromate  in  an  aqueous 
solution  of  chromic  acid,  and  allowing  it  to  evaporate  over  sul- 
phuric acid. 

Lead  chromate,  Pb"Cr04. — On  mixing  solutions  of  potassium 
chromate  or  dichromate  with  lead  nitrate  or  acetate,  a  brilliant 
yellow  precipitate  falls,  which  is  the  compound  in  question ;  it  is 
the  chrome-yellow  of  the  painter.  Then  this  compound  is  boiled 
with  lime-water,  one  half  of  the  acid  is  withdrawn,  and  a  basic 
lead  chromate  of  an  orange-red  colour  left.  The  basic  chromate 
is  also  formed  by  adding  lead  chromate  to  fused  nitre,  and  after- 
wards dissolving  out  the  soluble  salts  by  water:  the  product  is 
crystalline,  and  rivals  vermilion  in  beauty  of  tint.  The  yellow 
and  orange  chrome-coloui-s  are  fixed  upon  cloth  by  alternate  ap- 
plication of  the  two  solutions,  and  in  the  latter  case  by  passing  the 
dyed  stuff  through  a  bath  of  boiling  lime-water. 

Silver  chromate,  Ag2Cr04. — This  salt  precipitates  as  a  reddish- 
brown  powder  when  solutions  of  potassium  chromate  and  silver 
nitrate  are  mixed.  It  dissolves  in  hot  dilute  nitric  acid,  and  sepa- 
rates, on  cooling,  in  small  ruby-red  platy  crystals.  The  chromates 
of  barium,  zinc,  and  mercury  are  insoluble ;  the  first  two  are  yel- 
low, the  last  is  brick-red. 

Chromium  Dioxydichloride,  Cr02Cl2,  commonly  called  Chloro- 
chromic  acid. — When  3  parts  of  potassium  dichi-omate  and  2>h  parts 
of  common  salt  are  intimately  mixed  and  introduced  into  a  small 
glass  retort,  9  parts  of  oil  of  vitriol  then  added,  and  heat  applied 
as  long  as  dense  red  vapours  arise,  this  compound  passes  over  as  a 
heavy  deep-red  liquid  resembling  bromine :  it  is  decomposed  by 
water,  with  production  of  chromic  and  hydrochloric  acids.  It  il 
analogous  to  the  so-called  chloromolybdic,  chlorotungstic,  and 
chlorosulphuric  acids,  in  composition,  and  in  the  products  which 
it  yields  when  decomposed.  It  may  be  regarded  as  formed  from 
the  trioxide  by  substitution  of  Cl„  for  0,  or  from  chromic  acid, 
(Cr02)"(OH)2,  by  substitution  of  Cf2  for  (OH)2 ;  also  as  a  compound 
of  chromium  hexchloride  (not  known  in  the  separate  state),  with 
chromium  trioxide :  CrC]6.2Cr03  =  3Cr02Cl2. 

Perchromic  Acid  is  obtained,  according  to  Barreswil,  by  mix- 
ing chromic  acid  with  dilute  hydrogen  dioxide,  or  potassium  di- 
chromate with  a  dilute  but  very  acid  solution  of  barium  dioxide 
in  hydrochloric  acid ;  a  liquid  is  then  formed  of  a  blue  colour, 
which  is  removed  from  the  aqueous  solution  by  ether.  This  verj 
unstable  compound  has  perhaps  the  composition  H2Cr208  or 
Cr.,07.H20,  analogous  to  that  of  permanganic  acid. 
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Reactions  of  Chromium  compounds. — A  solution  of  chromic  chin- 
ride  or  a  chromic  oxygen-salt  is  not  precipitated  or  changed  in 
any  way  by  hydrogen  sulphide.  Ammonium  sulphide  throws 
down  a  greyish-green  precipitate  of  chromic  hydrate.  Caustic  fix- 1< 
alkalis  also  precipitate  the  hydrated  oxide,  and  dissolve  it  easily 
when  added  in  excess.  Ammonia,  the  same,  hut  nearly  insoluble; 
The  carbonates  of  potassium,  sodium,  and  ammonium,  also  throw 
down  a  green  precipitate  of  hydrate,  slightly  soluble  in  a  large 
excess. 

Chroinous  salts  are  but  rarely  met  with  ;  for  their  reactions,  see 
Chromium  dichloride,  p.  500. 

Chromic  acid  and  its  salts  are  easily  recognised  in  solution  by 
forming  a  pale  yellow  precipitate  with  barium  salts,  bright  yellow 
with  lead  salts,  brick-red  with  mercurous  salts,  and  crimson  with 
silver  salts;  also  by  their  capability  of  yielding  the  green  sesqui- 
oxide  by  reduction. 

All  chromium  compounds,  ignited  with  a  mixture  of  nitre  and 
an  alkaline  carbonate,  yield  an  alkaline  chromate,  which  may  be 
dissolved  out  by  water,  and  on  being  neutralised  with  acetic  acid, 
will  give  the  reactions  just  mentioned. 

The  oxides  of  chromium  and  their  salts,  fused  with  borax  in 
either  blow-pipe  flame,  yield  an  emerald-green  glass.  The  same 
character  is  exhibited  by  those  salts  of  chromic  acid  whose  bases 
do  not  of  themselves  impart  a  decided  colour  to  the  bead.  The 
production  of  the  green  colour  in  both  flames  distinguishes 
chromium  from  uranium  and  vanadium,  which  give  green  beads 
in  the  inner  flame  only. 


URANIUM. 

Atomic  weight,  240;  symbol,  U. 

This  metal  is  found  in  a  few  minerals,  as  pitchblende  which  is  an 
oxide,  and  uranite  which  is  a  phosphate ;  the  former  is  its  principal 
ore.  The  metal  itself  is  isolated  by  decomposing  the  chloride 
with  potassium  or  sodium,  and  is  obtained  as  a  black  coherent 
powder,  or  in  fused  white  malleable  globules,  according  to  the 
manner  in  which  the  process  is  conducted.  It  is  permanent  in 
the  air  at  ordinary  temperatures,  and  does  not  decompose  water  ; 
but  in  the  pulverulent  state  it  takes  fire  at  207°,  burning  with 
great  splendour  and  forrning  a  dark-green  oxide.  It  unites  also 
very  violently  with  chlorine  and  with  sulphur. 

Uranium  forms  two  classes  of  compounds  :  viz.,  the  uran  mis 
compounds,  in  whirl,  it  j„  quadrivalent,  e.g\,  U"(1„  U,T0A, 
U'(S04)2,  &<;.,  and  the  uranic  compounds,  in  which  it  is 
sexvalent,  e.g., 

U"0"3,  U"0"2C]2,  Ur,0",(NO,),,  TPOVSOd*. 
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There  are  also  two  oxides  intermediate  between  uranous  and 
uranic  oxide.  There  is  no  chloride,  bromide,  iodide,  or  fluoride 
corresponding  to  uranic  oxide,  such  as  UC10 ;  neither  are  there 
any  normal  uranic  oxysalts,  such  as  UTi(N03)6,  U"(SO^"3,  &c. ; 
but  all  the  uranic  salts  contain  the  group  U02,  which  may  be 
regarded  as  a  bivalent  radical  (uranyl),  uniting  with  acids  in  the 
usual  proportions  and  forming  normal  salts  ;  thus — 

Uranic  oxide  or  Uranyl  oxide, 
Uranic  oxychloride  or  Uranyl  chloride, 
Uranic  nitrate  or  Uranyl  nitrate, 
Uranic  sulphate  or  Uranyl  sulphate,  . 

This  view  of  the  composition  of  the  uranic  salts  is  not,  however, 
essential,  since  they  may  also  be  formulated  as  basic  salts  in  the 
manner  above  illustrated. 

Chlorides. —  Uranous  chloride,  UC14,  is  formed,  with  vivid  in- 
candescence, by  burning  metallic  uranium  in  chlorine  gas,  also  by 
igniting  uranous  oxide  in  hydrochloric  acid  gas.  It  crystallises  in 
dark  green  regular  octohedrous,  and  dissolves  easily  in  water, 
forming  an  emerald-green  solution,  which  is  decomposed  when 
dropped  into  boiling  water,  giving  off  hydrochloric  acid,  and 
yielding  a  brown  precipitate  of  hydrated  uranous  oxide.  It  is  a 
powerful  deoxidising  agent,  reducing  gold  and  silver,  co averting 
ferric  salts  into  ferrous  salts,  &c. 

Uranic  oxychloride,  or  Uranyl  chloride,  U02C1.„  is  formed  when 
dry  chlorine  gas  is  passed  over  red-hot  uranous  oxide,  as  an  orange- 
yellow  vapour,  which  solidifies  to  a  yellow  crystalline  fusible  mass, 
easily  soluble  in  water.  It  forms  double  salts  with  the  chlorides 
of  the  alkali-rnetals — the  potassium  salt,  for  example,  having  the 
composition  U02C12.2KC1.2H20. 

Oxides. — Uranous  oxide,  U02,  formerly  mistaken  for  metallic 
uranium,  is  obtained  by  heating  the  oxide,  U308,  or  uranic  oxalate, 
in  a  current  of  hydrogen.  It  is  a  brown  powder,  sometimes  highly 
crystalline.  In  the  finely  divided  state  it  is  pyrophoric.  It  dis- 
solves in  acids,  forming  green  salts. 

Uranoso-uranic  oxide,  U308=U02.2U03.— This  oxide  forms  the 
chief  constituent  of  pitchblende.  It  is  obtained  artificially  by 
igniting  the  metal  or  uranous  oxide  in"  contact  with  the  air,  or  by 
gentle  ignition  of  uranic  oxide  or  uranic  nitrate.  It  forms  a  dark- 
green  velvety  powder,  of  specific  gravity  71  to  7 -3.  When  ignited 
in  hydrogen,  or  with  sodium,  charcoal,  or  sulphur,  it  is  reduced 
to  uranous  oxide.  When  ignited  alone,  ifs  yields  a  black  oxide. 
U206.  Uranoso-uranic  oxide  dissolves  in  strong  sulphuric  or 
hydrochloric  acid,  yielding  a  mixture  of  uranous  and  uranic  salt; 
by  nitric  acid  it  is  oxidised  to  uranic  nitrate. 

Uranic  oxide,  or  Uranyl  oxide,  U03. — Uranium  and  its  lower 
oxides  dissolve  in  nitric  acid,  forming  uranic  nitrate;  and  when 


(UO,)"0 
(UO;)"Cl2 
(U02)"(N03)2 
(U02)"(S04)". 
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this  salt  is  heated  in  a  glass  tube  till  it  begins  to  decompose,  at 
250°,  pure  uranic  oxide  remains  in  the  form  of  a  chamois-yellow 
powder.  Uranic  hydrate,  U03.2H20,  cannot  be  prepared  by  pre- 
cipitating a  uranic  salt  with  alkalis,  inasmuch  as  the  precipitate 
always  carries  down  alkali  with  it ;  but  it  may  be  obtained  by 
evaporating  a  solution  of  uranic  nitrate  in  absolute  alcohol  at  a 
moderate  heat,  till,  at  a  certain  degree  of  concentration,  nitrous 
ether,  aldehyde,  and  other  vapours  are  given  off,  and  a  spongy 
yellow  mass  remains,  which  is  the  hydrate.  In  a  vacuum  at 
ordinary  temperatures,  or  at  100°  in  the  air,  it  gives  off  half  its 
water,  leaving  the  monohyclrate,  U03.H20.  This  hydrate  cannot 
he  deprived  of  all  its  water  without  exposing  it  to  a  heat  sufficient 
to  drive  off  part  of  the  oxygen,  and  reduce  it  to  uranoso-uranic 
oxide. 

Uranic  oxide  and  its  hydrates  dissolve  in  acids,  forming  the 
uranic  salts.  The  nitrate,  (U02)"(N03)2.6H20,  may  be  pre- 
pared from  pitchblende  by  dissolving  the  pulverised  mineral  in 
nitric  acid,  evaporating  to  dryness,  adding  water  and  filtering  ; 
the  liquid  yields,  by  due  evaporation,  crystals  of  uranic  nitrate, 
which  are  purified  by  a  repetition  of  the  process,  and,  lastly,  dis- 
solved in  ether.    This  latter  solution  yields  the  pure  nitrate. 

Uranates. — Uranic  oxide  unites  with  the  more  basic  metallic 
oxides.  The  uranates  of  the  alkali-metals  are  obtained  by-  precipi- 
tating a  uranic  salt  with  a  caustic  alkali :  those  of  the  earth-metals 
and  heavy  metals,  by  precipitating  a  mixture  of  a  uranic  salt  and 
a  salt  of  the  other  metal  with  ammonia,  or  by  igniting  a  double 
carbonate  or  acetate  of  uranium  and  the  other  metal  (calcio-uranic 
acetate,  for  example)  in  contact  with  the  air.  The  uranates  have, 
for  the  most  part,  the  composition  M20.2U03.  They  are  yellow, 
insoluble  in  water,  soluble  in  acids.  Those  which  contained  fixed 
bases  are  not  decomposed  at  a  red  heat ;  but  at  a  white  heat,  the 
uranic  oxide  is  reduced  to  uranoso-uranic  oxide,  or  by  ignition 
in  hydrogen  to  uranous  oxide :  the  mass  obtained  by  this  last 
method  easily  takes  fire  in  contact  with  the  air.  Sodium  uranate, 
Na20.2U03,  is  much  used  for  imparting  a  yellowish  or  greenish 
colour  to  glass,  and  as  a  yellow  pigment  on  the  glazing  of  porcelain. 
The  "uranium-yellow"  for  these  purposes  is  prepared  on  the  large 
scale  by  roasting  pitchblende  with  lime  in  a  reverberatory  furnace  ; 
treating  the  resulting  calcium  uranate  with  dilute  sulphuric  acid ; 
ffuxing  the  solution  of  uranic  sulphate  thus  obtained  with  sodium 
carbonate,  by  which  the  uranium  is  first  precipitated  together  with 
other  metals,  but  then  redissolved,  tolerably  free  from  impurity,  by 
excess  of  the  alkali ;  and  treating  the  liquid  with  dilute  sulphuric 
acid  which  throws  down  h  yd  rated  sodium  uranate,  Na20.2U03.6  nq. 
Ammonium  uranate  is  but  slightly  soluble  in  pure  water,  and 
quite  insoluble  in  water  containing  sal-ammoniac ;  it  may,  there- 
fore, be  prepared  by  precipitating  a  solution  of  sodium-uranate  with 
that  salt.    It  occurs  in  commerce  as  a  fine  deep  yellow  pigment, 
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also  called  "uranium  yellow."  This  salt,  when  heated  to  redness, 
leaves  pure  uranoso-uranic  oxide,  and  may,  therefore,  serve  as  the 
raw  material  for  the  preparation  of  other  uranium  compounds. 

Uranous  salts  form  green  solutions,  from  which  caustic  alkalis 
throw  down  a  red-hrown  gelatinous  precipitate  of  uranous  hydrate ; 
alkaline  carbonates,  green  precipitates,  which  dissolve  in  excess, 
especially  of  ammonium  carbonate,  forming  green  solutions.  Am- 
monium sulphide  forms  a  black  precipitate  of  uranous  sulphide ; 
hydrogen  sulphide,  no  precipitate. 

Uranic  salts  are  yellow,  and  yield  with  caustic  alkalis  a  yellow 
precipitate  of  alkaline  uranate,  insoluble  in  excess  of  the  reagent. 
Alkaline  carbonates  form  a  yellow  precipitate  consisting  of  a  car- 
bonate of  uranium  and  the  alkali-metal,  soluble  in  excess,  espe- 
cially of  acid  ammonium  or  potassium  carbonate.  Ammonium  sul- 
phide forms  a  black  precipitate  of  uranic  sulphide.  Hydrogen 
sulphide  forms  no  precipitate,  but  reduces  the  uranic  to  a  green 
uranous  salt.  Potassium  ferrocyanide  forms  a  red-brown  precipi- 
tate. 

All  uranium  compounds,  fused  with  phosphorus  salt  or  borax  in 
the  outer  blow-pipe  flame,  produce  a  clear  yellow  glass,  which 
becomes  greenish  on  cooling.  In  the  inner  flame  the  glass  assumes 
a  green  colour,  becoming  still  greener  on  cooling.  The  oxides  of 
uranium  are  not  reduced  to  the  metallic  state  by  fusion  with 
sodium  carbonate  on  charcoal. 

Uranium  compounds  are  used,  as  already  observed,  in  enamel 
painting,  and  for  the  staining  of  glass,  uranous  oxide  giving  a  fine 
black  colour,  and  uranic  oxide  a  delicate  greenish-yellow,  highly 
iiuorescent  glass.    Uranium  salts  are  also  used  in  photography. 


TUNGSTEN,  or  WOLFRAM. 

Atomic  weight,  184;  symbol,  W. 

Tungsten  is  found,  as  ferrous  tungstate.  in  the  mineral  wolfram, 
tolerably  abundant  in  Cornwall ;  occasionally  also  as  calcium  tung- 
state (schcelite  or  tungsten),  and  as  lead  tungstate  (scheeletine), 
Metallic  tungsten  is  obtained  in  the  state  of  a  dark-grey  powder, 
by  strongly  heating  tungstic  oxide  in  a  stream  of  hydrogen,  buj 
requires  for  fusion  an  exceedingly  high  temperature.  It  is  a  white 
metal,  very  hard  and  brittle  :  it  has  a  density  of  17-4.  Heated  to 
redness  in  the  air,  it  takes  fire  and  reproduces  tungstic  oxide. 

Tungsten  forms  two  classes  of  compounds,  in  which  it  is  quad- 
rivalent and  sexvalent  respectively,  and  a  third  class,  of  interme- 
diate composition,  in  which  it  is  apparently  quinquivalent. 

Chlorides. — These  compounds  are  formed  by  heating  metaffl 
tungsten  in  chlorine  gas.    The  hexchloride  or  tungstic  chloride, 
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WC16,  is  also  produced,  together  with  oxychloride,  by  the  action 
of  chlorine  on  an  ignited  mixture  of  tungstic  oxide  and  charcoal. 
The  oxychlorides,  heingmore  volatile  than  the  hexchloride,  may  he 
separated  from  it  by  sublimation.  The  hexchloride  forms  dark 
violet  scales  or  fused  crusts  having  a  bluish -black  metallic 
iridescence.  By  contact  with  water  or  moist  air,  it  is  converted  into 
hydrochloric  and  tungstic  acids.  The  chlorides,  WC16,  WC14,  and 
WC12,  are  formed  when  the  hexchloride  is  heated  in  hydrogen  gas. 
The  two  former  are  crystalline  :  the  di  chloride  is  a  loose  omj 
powder,  destitute  of  crystalline  structure.* 

A  pentabromide  and  hexbromide  are  formed  by  the  action 
of  bromine  in  excess  on  tungsten.  — The  hexfluoride,  WF0,  is 
obtained  by  evaporating  a  solution  of  tungstic  acid  in  hydrofluoric 
acid. 

Oxides.— Tungsten  forms  three  oxides,  "W02,  "W03,  and  W2Os 
neither  of  which  exhibits  basic  properties,  so  that  there  are 
no  tungsten  salts  in  which  the  metal  replaces  the  hydrogen  of 
an  acid,  or  takes  the  electro-positive  part.  The  trioxide  exhibits 
decided  acid  tendencies,  uniting  with  basic  metallic  oxides,  and 
forming  crystallisable  salts  called  tungstates.  The  pentoxide  mav 
ba  regarded  as  a  compound  of  the  other  two. 

The  dioxide,  or  Tungstous  oxide,  W02,  is  most  easily  prepared  by 
exposing  tungstic  oxide  to  hydrogen,  at  a  temperature  not  exceed- 
ing dull  redness.  It  is  a  brown  powder,  sometimes  assirming  a 
crystalline  appearance  and  an  imperfect  metallic  lustre.  It  takes 
fire  when  heated  in  the  air,  and  burns,  like  the  metal  itself  to 
tungstic  oxide.    It  forms  a  definite  compound  with  soda. 

The  trioxide,  or  Tungstic  oxide,  W03,  is  most  easily  prepared 
tarn  native  calcium  tungstate  by  digestion  in  nitric  or  hydrochloric 
acid,  the  soluble  calcium-salt  thereby  produced  being  washed  out 
with  water,  and  the  remaining  tungstic  acid  ignited.  From  wolf- 
ram it  may  be  prepared  by  repeatedly  digesting  the  mineral  in 
strong  hydrochloric  acid,  ultimately  with  addition  of  a  little  nitric 
acid,  to  dissolve  out  the  iron  and  manganese  ;  dissolving  the  re- 
maining tungstic  acid  in  aqueous  ammonia ;  evaporating  to  dryness  ■ 
and  heating  the  residual  ammonium  tungstate  in  contact  with  the 
air.  lungstic  oxide  is  a  yellow  powder  insoluble  in  water,  and  in 
'H"st  acids,  but  soluble  in  alkalis.  The  hot  solutions  of  the  residi- 
ng alkahne  tungstates,  when  neutralised  with  an  acid,  yield  a  yel- 
HnPwnPlfca^f  ,0,f  {unnstic  monohydrate  or  tungstic  acid,  H,WO,  or 

?Y,vvuf.   <-°ldddute  solutions,  on  the  other  hand,  yield  with 
acids  a  white  precipitate,  consisting  of  tungstic  dihydratc  oxlwdrated 
"""  iftc  acid  2H2O.W03  or  H2VVO.(.H20.    Tun  gstic  acid  reddens 
litmus  and  dissolves  easily  in  alkalis. 

Tungstates.— Tungstic  acid  unites  with  bases  in  various,  and 
"ten  in  very  unusual  proportions.    It  is  capable  of  existing  also 

*  Eoscoe,  Journal  of  the  Chemical  Society,  1872,  p.  207. 
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in  two  isomeric  modifications,  viz. — 1.  Ordinary  tungstic  acid, 
which  is  insoluble  in  water,  and  forms  insoluble  salts  with  all 
metals,  except  the  alkali-metals  and  magnesium  ;  2.  Metatungstic 
acid,  which  is  soluble  in  water,  and  forms  soluble  salts  with  nearly- 
all  metals.  Ordinary  tungstic  acid  forms  normal  salts  containing 
MjWOj  or  M2O.W03,  and  acid  salts  containing  3M20.7W03,  which 
may  perhaps  be  regarded  as  double  salts  composed  of  diacid  and 
triacid  tungstates,  that  is,  as  2(M20.2W03)  +  M20.3W03.  The 
tungstates  of  potassium  and  sodium,  especially  the  latter,  are 
sometimes  used  as  mordants  in  dyeing,  in  place  of  stannates  ;  also 
for  rendering  muslin  and  other  light  fabrics  uninflammable. 
Tungstous  tungstate,  W02.W03,  which  has  the  composition  of 
timgsten  pentoxide,  W206,  is  a  blue  substance  produced  by  reducing 
tungstic  oxide  or  tungstic  acid  with  zinc  and  hydrochloric  acid ; 
also  by  heating  ammonium  tungstate  to  redness  in  a  retort.  _ 

Metatungstates. — These  salts,  which  have  the  composition  of 
quadracid  tungstates,  M20.4W03,  are  formed  from  ordinary  tung- 
states by  addition  of  tungstic  acid,  or  by  removing  part  of  the 
base  by  means  of  an  acid.  They  are  for  the  most  part  soluble  and 
crystallisable.  By  decomposing  barium  metatungstate  with  dilute 
sulphuric  acid,  and  evaporating  the  nitrate  in  a  vacuum,  hydrated 
metatungstic  acid  is  obtained  in  quadratic  octahedrons  apparently 
containing  H20.4W03  4-  31  aq.  ;  it  is  very  soluble  in  water. 

Silicotungstates* — By  boiling  gelatinous  silica  with  acid 
potassium  tungstate,  a  crystalline  salt  is  obtained, .  having  the 
composition  of  a  diacid  potassium  tungstate,  6(K20.2W03),  or 
K1206.12W03,  in  which  one-third  of  the  potassium  is  replaced  by 
silicium,  viz.,  K8Silv06.12W03,  so  that  the  silicium  here  enters  as 
a  hasylous  element.  The  resulting  solution  yields  with  niercurous 
nitrate  a  precipitate  of  mercurous  silicotungstate;  this,  when  de- 
composed by  an  equivalent  quantity  of  hydrochloric  acid,  yields  a 
solution  of  hydrogen  silicotungstate  or  silicotungstic  acid ;  and  the 
other  silicotungstates,  which  are  all  soluble,  are  obtained  by  treat- 
ing the  acid  with  carbonates. 

Silicodecitungstic  acid,  HpSiiv06.  10WO3,  is  obtained  as  an 
ammonium-salt  by  boiling  gelatinous  silica  with  solution  of  acid 
ammonium  tungstate  ;  and  from  this,  the  acid  and  its  other  salts 
may  be  obtained  in  the  same  manner  as  the  preceding.  The 
silicodecitungstates  are  very  unstable,  and  the  acid  is  decomposed 
by  mere  evaporation,  depositing  siUca,  and  being  converted  into 
tungstosilicic  acid,  which  is  isomeric  with  silicotungstic  acid, 
and  likewise  decomposes  carbonates.  All  three  of  these  acids  are 
capable  of  exchanging  either  one  half  or  the  whole  of  their  basic 
hydrogen  for  metals,  thereby  forming  acid  and  neutral  salts  : 
silicotungstic  acid  also  forms  an  acid  sodium-salt  in  which  only 
one-fourth  of  the  hydrogen  is  replaced  by  sodium. 

•  Marignac,  Ann.  Cliim.  Phys.  [4]  hi.  5;  Watts's  "  Dictionary  of  Chemis- 
try," v.  913. 
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Tungsten  Sulphides.— The  disulphide,  or  Tungstous  sulphide 
W  S2,  is  obtained  m  soft,  black,  needle-shaped  crystals  by  ferritins 
tungsten,  or  one  of  its  oxides,  with  sulphur. 

The  trisulphide,  or  Tuncjstic  sulphide,  WS3,  is  formed  by  dissolv- 
ing tungstic  acid  in  ammonium  sulphide,  and  precipitating  with 
an  acid,  or  by  adding  hydrochloric  acid  to  the  solution  of  an 
alkaline  tungstate  saturated  with  hydrogen  sulphide.  It  is  a  licmt- 
brown  precipitate,  toning  black  when  dry.  It  unites  easily  with 
basic  metallic  sulphides,  forming  the  sulphotungstates,  M,WS. 
analogous  to  the  normal  tungstates. 


Reactions  of  Tungsten  compounds.— Soluble  tungstates,  or  meta- 
tungstates, supersaturated  with  sulphuric,  hydrochloric,  phosphoric 
oxalic,  or  acetic  acid,  yield,  on  the  introduction  of  a  piece  of  zinc, 
a  beautilul  blue  colour,  arising  from  the  formation  of  blue  tung- 
sten oxide.  A  soluble,  tungstate,  mixed  with  ammonium  sidphide, 
and  then  with  excess  of  acid,  yields  a  light-brown  precipitate  of 
tungstic  sulphide,  soluble  in  ammonium  sulphide.  Hydroqen  sul- 
phide does  not  precipitate  the  acidulated  solution  of  a  tuno-state 
but  turns  it  blue,  owing  to  the  formation  of  the  blue  oxide' 
Urinary  tungstates  give  with  potassium  ferrocyanicle,  after  addi- 
tion ot  hydrochloric  acid,  a  brown  flocculent  precipitate,  soluble 
m  pure  water  free  from  acid;  metatungstates  give  no  precipitate. 
Acids  added  to  solutions  of  ordinary  tungstates,  throw  down  a 
white  or  yellow  precipitate  of  tungstic  acid;  with  metatungstates 
no  precipitate  is  obtained. 

All  tungsten  compounds  form  colourless  beads  with  borax  and 
phosphorus  salt,  in  the  outer  blow-pipe  flame.  With  borax,  in  the 
inner  name,  they  form  a  yellow  glass,  if  the  quantity  of  tungsten 
te  somewhat  considerable,  but  colourless  with  a  smaller  quantity 
VVith  phosphorus  salt  in  the  inner  flame  they  form  a  glass  of  a  pure 
Mue  colour,  unless  metallic  oxides  are  present,  which  modify  it  ■ 
m  presence  of  iron  the  glass  is  blood-red,  but  the  addition  of 
metallic  tin  renders  it  blue. 

Steel,  alloyed  with  a  small  quantity  of  tungsten,  acquires  extra- 
ordinary hardness.    Wootz,  or  Indian  steel,  contains  tungsten. 

ungsten  has  also  a  remarkable  effect  on  steel  in  increasing  its 
mZJ,  / et™or  magnetism  when  hardened.  A  horse-shoe 
magnet  o  ordinary  steel,  weighing  two  pounds,  is  considered  of 

arpn.r1  !  yc™hen  lfc  bears  seven  times  own  weight;  but 
t„,  &[emens>  a  similar  magnet  made  with  steel  containing 

fm™  ltn  may  be  made  t0  can'y  twenty  times  its  weight  suspended 
Tom  the  armature.*  ax 

'Journal  of  the  Chemical  Society,  July,  1868.  2nd  Series,  vol.  vi.  p.  284. 
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MOLYBDENUM. 

Atomic  weight,  96  ;  symbol,  Mo. 

This  metal  occurs  in  small  quantity  as  sulphide,  or  molybdenite, 
and  as  lead  molybdate,  or  ivulfenite.  Metallic  molybdenum  is 
obtained  by  exposing  molybdic  oxide  in  a  charcoal-lined  crucible 
to  the  most  intense  heat  that  can  be  obtained.  It  is  a  white, 
brittle,  and  exceedingly  infusible  metal,  having  a  density  of  8-6, 
and  oxidising,  when  heated  in  the  air,  to  niolylxlic  oxide. 

Chlorides.— Molybdenum  forms  three  chlorides,  containing 
MoCl„  Mo2Clc,  and  MoCl4.  The  tetrachloride,  or  molybdic  chloride, 
is  obtained  in  dark  metallically  lustrous  crystals  by  passing 
chlorine  in  excess  over  gently  heated  molybdenum  ;  when  heated 
iil  a  stream  of  hydrogen,  it  is  reduced  to  the  dark  copper-coloured 
MoCl3 

trichloride,  |        .    The  dichloride,  or  molybdous  chloride,  is  ob- 
MoCl3 

tained,  though  not  in  the  pure  state,  by  exposing  the  trichloride 
to  a  moderate  heat  in  an  atmosphere  of  carbon  dioxide,  or  by 
heating  metallic  molybdenum  with  calomel.  In  solution  it  is 
obtained  hy  saturating  hydrochloric  acid  with  molybdous 
hydrate.  .  . 

■ '  The  bromides  of  molybdenum  correspond  in  composition  to  the 
chlorides ;  there  is  also  an  oxybromide  containing  MoT'Br202. 

Fluorides. — Molybdeuum  forms  three  fluorides,  MoF2,  MoF4, 
and  MoF6,  which  are  obtained  by  dissolving  the  corresponding 
oxides  in  hydrofluoric  acid.  The  hexfluoride  is  not  known  in  the 
free  state,  hut  only  in  combination  with  hasic  metallic  fluorides 
and  molybdates;  thus  there  is  a  potassium  salt  containing 
K3Mo04.'K2MoF8. 

Oxides.— Molybdenum  forms  the  three  oxides,  Mo"0,  Mo"02, 
and  Movi03,  besides  several  oxides  intermediate  between  the  last 
two,  which  may  he  regarded  as  molybdic  molybdates. 

The  monoxide,  or  Molybdous  oxide,  MoO,  is  produced  by  bringing 
the  dioxide  or  trioxide,  in  presence  of  one  of  the  stronger  acids, 
in  contact  with  any  of  the  metals  which  decompose  water.  Thus 
when  zinc  is  immersed  in  a  concentrated  solution  of  an  alkaline 
molybdate  mixed  with  a  quantity  of  hydrochloric  acid  sufficient 
to  redissolve  the  precipitate  first  thrown  down,  zinc  chloride  and 
molybdous  chloride  are  formed.  The  dark-coloured  solution  thus 
obtained  is  mixed  with  a  large  quantity  of  caustic  potash,  which 
precipitates  a  black  hydrated  molybdous  oxide,  and  retains  the 
zinc  oxide  in  solution.  'The  freshly  precipitated  hydrate  is  soluble 
in  acids  and  ammonium  carbonate ;  when  heated  in  the  air  it  burns 
to  dioxide,  hut  when  dried  in  a  vacuum  it  leaves  the  black  anhy- 
drous monoxide. 


MOLYBDENUM. 
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The  dioxide,  or  Molybdic  oxide,  Mo02,  is  obtained  in  the  anhy- 
drous state  by  heating  sodium  niolybdate  with  sal-ammoniac,  the 
molybdic  trioxide  being  reduced  to  dioxide  by  the  hydrogen  of 
the  ammoniacal  salt ;  or,  in  the  hydrated  state,  by  digesting  metal- 
lic copper  in  a  solution  of  molybdic  acid  in  hydrochloric  acid 
until  the  liquid  assumes  a  red  colour,  and  then  adding  a  large 
excess  of  ammonia.  The  anhydrous  dioxide  is  deep  brown,  and 
insoluble  in  acids;  the  hydrate  resembles  ferric  hydrate,  and  dis- 
solves m  acids,  yielding  red  solutions.  It  is  converted  into  molyb- 
dic acid  by  strong  nitric  acid. 

Trioxide,  Mo03. — To  obtain  this  oxide  (commonly  called  Molyb- 
dic acid)  native  molybdenum  sulphide  is  roasted,  at  a  red  heat,  in 
an  open  vessel,  and  the  impure  molybdic  trioxide  thence  resultino- 
is  dissolved  m  ammonia.  The  filtered  solution  is  evaporated  to 
dryness,  and  the  salt  is  taken  up  by  water  and  purified  by  crystal- 

fi^'m^  1S;  lastly>  decomposed  by  heat,  and  the  ammonia  ex- 
pelled. The  trioxide  may  also  be  prepared  by  decomposing  native 
lead  molybdate  with  sulphuric  acid.  It  is  a  white  crystalline 
powder,  fusible  at  a  red  heat,  and  slightly  soluble  in  water  The 
solution  contains  molybdic  acid;  but  this  acid,  or  hydrate  is  not 
known  m  the  solid  state.  The  trioxide  is  easily  dissolved  by  al- 
kalis, and  forms  two  series  of  salts,  viz.,  normal,  or  neutral  molyb- 
dates, R2Mo04,  or  R2O.Mo03,  and  anhydromolybdates  or  bimolvb- 
dates,  R2Mo04.Mo03,  or  R20.2Mo03,  the  symbol  R  denoting  a 
univalent  metal.  The  neutral  molybdates  of  the  alkali-metals°are 
easily  soluble  m  water,  and  their  solutions  yield,  with  the 
stronger  acids,  a  precipitate,  either  of  a  less  soluble  bimolyb- 
date  or  of  the  anhydrous  trioxide.  The  other  molvbdates  are 
pi!a  '  are  ?btamed  by  precipitation.  Lead  molybdate, 
ebons    '  °CCUrS  naUVe  m  yeU°W  (luadratic  Plates  and  octohe- 

Sulphides  —  Molybdenum  forms  three  sulphides,  MoS„,  MoS„ 
mcl  Mob,,  the  last  two  of  which  are  acid  sulphides,  forming 
sulphur-salts.  The  disulphide,  or  Molybdic  sulphide,  MoS„,  occurs 
native  as  molybdenite,  in  crystallo-laminar  masses,  or  "tabular 
Ratals,  having  a  strong  metallic  lustre  and  lead-grey  colour  and 
temmg  a  grey  streak  on  paper  like  plumbago.  The  same  com- 
pound is  produced  artificially  by  heating  either  of  the  higher  sul- 
pnides  or  by  igniting  the  trioxide  with  sulphur.  Wheii  roasted 
m  contact  with  the  air,  it  is  converted  into  trioxide. 

Ihe  tnmlphide,  MoS,,  commonly  called  sulphomolybdic  acid,  is 
™ l.y  passing  hydrogen  sulphide  into  a  concentrated  solution 
•••  alkaline  molybdate,  and  precipitating  with  an  acid.  It  is  a 
oiack-i.rown  powder,  which  is  dissolved  slowly  by  alkalis,  more 
eaauj  i,y  alkaline  sulphides  and  sulphydrates,  forming  sulphur- 
Hails  caUed  «»l,>l„,molybdates.    Most  of  these  salts  have  the 


eom- 


,  •  .  '  U  UllV^nc     OllIUH     lliiVU     UUl>     v  ''irr 

InT     ,'  V"     Ss'  or  R2S-MoS8,  analogous  to  that  of  the  molybdates. 
ii"  aulpno-molybdates  of  the  alkali-metals,  alkaline  earth-metals, 
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and  magnesium,  are  soluble  in  water,  forming  solutions  of  a  fine 
red  colour ;  the  rest  are  insoluble. 

Tetrasulphide,  MoS4.— This  is  also  an  acid  sulphide,  forming 
salts  called  permlphomolybdates,  the  general  formula  of  which  is 
R2MoS6,  or  R2S.MoS4.  The  potassium-salt  is  obtained  by  boding 
the  sulpho-molybdate  with  molybdenum  trisulphide. 

Molybdous  salts,  obtained  by  dissolving  molybdous  oxide 
in  acids,  are  opaque  and  almost  black.  They  yield,  with  hy- 
drogen sulphide,  a  brown-black  precipitate  soluble  in  ammonium 
sulphide;  with  alkalis  and  alkaline  carbonates,  a  brownish-black 
precipitate  of  molybdous  hydrate,  easdy  soluble  in  acid  potassium 
carbonate,  or  in  ammonium  carbonate;  with. potassium  ferrocyanide, 
a  dark  brown  precipitate ;  with  sodium  phosphate,  a  white  precipitate. 

Solutions  of  molybdic  salts  have  a  reddish-brown  colour. 
When  heated  in  the  air,  they  have  a  tendency  to  become  blue  by 
oxidation.  In  contact  with  metallic  zinc,  they  first  blacken  and 
then  yield  a  black  precipitate  of  molybdous  hydrate.  Their  re- 
actions with  alkalis,  hydrogen  sulphide,  &c,  are  similar  to  those 
of  molybdous  salts ;  but  the  precipitates  are  lighter  in  colour. 

Molyb dates  are  colourless  unless  they  contain  a  coloured  base. 
.Solutions  of  the  alkaline  molybdates  yield  with  acids  a  precipitate 
of  molybdic  trioxide,  soluble  in  excess  of  the  precipitant.  They 
are  coloured  yellow  by  hydrogen  sulphide,  from  formation  of  a 
sulphornolybdate  of  the  alkali-metal,  and  then  yield  with  acids  a 
brown  precipitate  of  molybdenum  trisulphide.  This  is  an  ex- 
tremely delicate  test  for  molybdic  acid.  They  form  white  preci- 
pitates with  the  salts  of  the  earth-metals,  and  precipitates  of  various 
colours  with  salts  of  the  heavy  metals.  When  ortho-phosphoric  acid, 
or  a  liquid  containing  it,  is  added  to  the  solution  of  ammonium 
molybdate,  together  with  an  excess  of  hydrocbloric  acid,  the  liquid 
turns  yellow,  and  after  a  whde  deposits  a  yellow  precipitate  of 
molybdic  trioxide,  combined  with  small  quantities  of  phosphoric 
acid  and  ammonia.  This  precipitate  is  soluble  in  ammonia  and 
likewise  in  excess  of  the  phosphate.  The  reaction  is  therefore  espe- 
cially adapted  for  the  detection  of  small  quantities  of  phosphoric 
acid.  The  pyrophosphates  and  metaphosphates  do  not  produce 
the  yellow  precipitate.    Arsenic  acid  gives  a  similar  reaction. 

All  the  oxides  of  molybdenum  form,  with  borax,  in  the  outer 
blow-pipe  flame,  a  bead  which  is  yellow  while  hot,  and  colourless 
on  cooling ;  in  the  inner  flame,  a  dark  brown  bead,  which  is 
opaque  if  excess  of  molybdenum  is  present.  By  long  continued 
heating,  the  molybdic  oxide  may  be  separated  in  dark  brown 
flakes,  floating  in  the  clear  yellow  glass.  With  plwsplwrus  salt  in 
the  outer  flame,  all  oxides  of  molybdenum  give  a  bead  which  is 
greenish  while  hot,  and  colourless  on  coobng ;  in  the  inner  flame 
a  clear  green  bead,  from  which  molybdic  oxide  cannot  be  separated 
by  continued  heating. 


PAET  III. 

ORGANIC  CHEMISTRY. 


INTRODUCTION. 


The  term  "Organic  Chemistry"  originally  denoted  the  chemistry 
ol  compounds  formed  m  the  bodies  of  plants  and  animals  The 
peculiar  characters  of  the  compounds  thus  formed,  and  the 'failure 
d  the  earlier  attempts  to  produce  them  by  artificial  means,  led  to 
the  erroneous  idea  that  their  formation  was  due  to  a  mysterious 
power  called  vital  force,"  supposed  to  reside  in  the  livina  onan- 
ism and  to  govern  all  the  changes  and  processes  taking  place 
within  it  In  accordance  with  this  idea,  the  chemistry  of  organic 
compounds,  including  those  which  were  formed  by  artificial  Pro- 
cesses from  the  products  of  vegetable  and  animal  hfe,  was  erected 
into  a  special  branch  of  chemical  science. 

Later  researches  have,  however,  shown  that  a  large  number  of 
compounds  former  y  regarded  as  producible  only  under  the  hi 
fluence  of  the  so-called  vital  force,  may  be  formed  eithei  by  direct 

ionoftheif  elements>  °r       wonKS S 

inorganic  compounds. 

The  first  step  in  the  formation  of  organic  compounds  from  their 
dement3  was  made  by  Wohler,  who  showed,  inP  1828  17  Sea 
haractenstic  constituent  of  urine,  can  be' produced  by  mo£ 
'  ulur  transformation  of  ammonium  cyanate.    This  experiment 
viewed  m  connection  with  the  fact  established  abou  twX  ye2 

tnoni :u at  Tr,ogen  w  can,be  formed  *****  as 

prodult  rf  fiemrn  '  18  concl.us,y«  of  the  Possibility  of  forming  a 
recenHv  ^S^T  fr0m  inorg<™c  materials.  More 
recently  it  has  been  shown  that  ethine,  or-acetylene  C  PI  cm  be 
J ?**  need  by  the  direct  combination'  of  «ffSd^SS 

car t  WonlS  ^    1  6thr?'  and  that  this  lattCT  compound 

'    ' '     ;    "'.^  mfo  alcohol  C2H0O,  a  body  formerly  suppose.! 

ala,U  ;mlT  bT  the  fe™e>'tatio„  of  sugar;  Jd  Fro',,  this 

ft';  """l"'r  0  ut]Z  compounds  can  be  produced  by  the  action 
,  „  '  *  H  ^entH-  ,  T  ^  ^searches  of  Berthelot,  Kolbe,  V7urtZ, 
hrl  ?  /  V1"'^11'''1  «*en»Mta,  have  led  to  the  discovery  of  a 
*rge  number  ol  other  cases  of  the  formation  of  organic  compounds, 
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often  of  great  complexity,  from  substances  of  purely  mineral 
origin,  and  ultimately  from  the  elements  themselves.  The  divi- 
sion of  compounds  into  two  distinct  branches,  inorganic  and 
organic — formed  according  to  distinct  laws,  the  former  being 
artificially  producible  by  direct  combination  of  their  elements, 
the  latter  only  under  the  influence  of  a  supposed  vital  force — must 
therefore  be  abandoned.  There  is,  indeed,  but  one  science  of 
chemistry,  of  which  the  study  of  the  compounds  called  organic 
forms  a  part. 

Organic  chemistry  is  in  fact  the  chemistry  of  carbon-compounds, 
and,  in  a  strictly  systematic  arrangement,  these  compounds  should 
be  described  in  connection  with  the  element  carbon  itself.  But 
the  compounds  into  which  carbon  enters  are  so  numerous,  their 
constitution  and  the  transformations  which  they  undergo  under 
the  influence  of  heat  and  of  chemical  reagents  are,  in  many  in- 
stances, so  complicated,  that  it  is  found  best,  for  the  purposes  of 
instruction,  to  defer  their  consideration  till  the  other  elements  and 
their  compounds  have  been  studied. 

It  is  important,  in  this  place,  to  mark  the  distinction  between 
organic  compounds  and  organised  bodies.  Organic  bodies, 
such  as  marsh  gas,  ethene,  benzene,  alcohol,  sugar,  morphine,  &c, 
are  definite  chemical  compounds,  many  of  which,  as  already 
observed,  may  be  formed  by  artificial  methods ;  those  which  are 
solid  can,  for  the  most  part,  be  crystallised ;  those  which  are  liquid 
exhibit  constant  boiling  points.  Organised  bodies,  on  the  con- 
trary, always  consist  of  mixtures  of  several  definite  compounds. 
They  never  crystallise,  but  exhibit  a  fibrous  or  cellular  structure, 
and  cannot  be  reduced  to  the  liquid  or  gaseous  state  without  com- 
plete decomposition.  Lastly,  they  are  organs,  or  parts  of  organs, 
which  are  essentially  products  of  vitality,  and  there  is  not  the 
slightest  j>rospect  of  their  ever  being  produced  by  artificial  means. 

The  study  of  the  composition  and  chemical  relations  of  organ- 
ised bodies  belongs  to  a  special  department  of  the  science  called 
"Physiological  Chemistry,"  which  bears  the  same  relation  to 
Organic  Chemistry  that  Chemical  Geology  bears  to  Mineralogy. 


DECOMPOSITIONS  AND  TRANSFORMATIONS  OF  ORGANIC  COMPOUNDS. 

Organic  bodies  are,  generally  speaking,  distinguished  by  the 
facility  with  which  they  decompose  under  the  influence  of  heat  or 
of  chemical  reagents ;  the  more  complex  the  body,  the  more  easily 
does  it  undergo  decomposition  or  transformation. 

1.  Action  of  Heat. — Organic  bodies  of  simple  constitution  and  ot 
some  permanence,  but  not  capable  of  subliming  unchanged,  like 
many  of  the  organic  acids,  yield,  when  exposed  to  a  high,  but  re- 
gulated  temperature,  in  a  retort,  new  compounds,  perfectly  definite 
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and  often  crystallisable,  which  partake,  to  a  certain  extent,  of  the 
properties  of  the  original  substance.  Carbon  dioxide  and  water  are 
often  eliminated  under  these  circumstances.  If  the  heat  be  sud- 
denly raised  to  redness,  the  regularity  of  the  decomposition 
vanishes,  while  the  products  become  more  uncertain  and  more 
numerous ;  carbon  dioxide  and  watery  vapour  are  succeeded  by 
inflammable  gases,  as  carbon  monoxide  and  hydrocarbons ;  oily 
matter  and  tar  distil  over,  and  increase  in  quantity  until  the  close 
of  the  operation,  when  the  retort  is  found  to  contain,  in  most  cases, 
a  residue  of  charcoal.    Such  is  dry  or  destructive  distillation. 

If  the  organic  substance  contains  nitrogen,  and  is  not  of  a  kind 
capable  of  talcing  a  new  and  permanent  form  at  a  moderate  degree 
of  heat,  then  that  nitrogen  is  in  most  instances  partly  disengaged 
in  the  shape  of  ammonia,  or  substances  analogous  to  it,  partly  left 
in  combination  with  the  carbonaceous  matter  in  the  distillatory 
vessel.  The  products  of  dry  distillation  thus  become  still  more 
complicated. 

A  much  greater  degree  of  regularity  is  observed  in  the  effects  of 
heat  on  fixed  organic  matters,  when  these  are  previously  mixed 
with  an  excess  of  strong  alkaline  base,  as  potash  or  lime.  In 
such  cases  an  acid,  the  nature  of  which  is  chiefly  dependent  upon 
the  temperature  applied,  is  produced,  and  remains  in  union  with 
the  base,  the  residual  element  or  elements  escaping  in  some 
volatile  form.  Thus  benzoic  acid  distilled  with  calcium  hydrate, 
at  a  dull  red  heat,  yields  calcium  carbonate  and  benzene ;  woody 
fibre  and  caustic  potash,  heated  to  a  very  moderate  temperature, 
yield  free  hydrogen,  and  a  brown,  somewhat  indefinite  substance 
called  ■ulmic  acid;  with  a  higher  degree  of  heat,  oxalic  acid  appears 
in  the  place  of  the  ulmic ;  and,  at  the  temperature  of  ignition, 
carbon  dioxide,  hydrogen  being  the  other  product. 

2.  Action^  of  Oxygen. — Oxygen,  either  free  or  in  the  nascent 
state,  in  which  latter  condition  it  is  most  active,  may  act  on  organic 
compounds  in  four  different  ways : — 

*.  By  simple  addition,  as 

C2H40    +    0    =  C2H402 

Aldehyde.  Acetic  acid. 

0.  By  simply  removing  hydrogen  : 

C2H„0    +    0    =    H20    +  C2H40 

Alcohol.  Aldehyde. 

'/•  By  removing  hydrogen  and  taking  its  place,  2  atoms  of 
Hydrogen  being  replaced  by  one  of  oxygen  ;  e.g.: 

C2H0O    +    02    =    H20    +  C2H402 

Alcohol.  Acetic  add. 

3.  By  removing  both  carbon  and  hydrogen.  In  this  manner 
complex  organic  bodies  containing  largo  numbers  of  carbon  and 
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hydrogen  atoms  are  reduced  to  others  of  simpler  constitution,  and 
ultimately  the  carbon  and  hydrogen  are  wholly  converted  into 
carbon  dioxide  and  water.  Nitrogen,  chlorine,  bromine,  and 
iodine,  if  present,  are  at  the  same  time  disengaged,  for  the  most 
part  in  the  free  state,  and  sulphur  is  oxidised. 

Moist  organic  substances,  especially  those  containing  nitrogen, 
undergo,  when  exposed  to  the  air,  a  slow  process  of  oxidation,  1  >y 
which  the  organic  matter  is  gradually  burned  and  destroyed  without 
sensible  elevation  of  temperature :  this  process  is  called  Decay,  or 
Eremacausis.  Closely  connected  with  this  change  are  those 
called  Fermentation  and  Putrefaction,  consisting  in  a  new  arrange- 
ment of  the  elements  of  the  compound  (often  with  assimilation  of 
the  elements  of  water),  and  the  consequent  formation  of  new  pro- 
ducts. The  change  is  called  putrefaction,  when  it  is  accompanied 
by  an  offensive  odour  ;  fermentation,  when  no  such  odour  is 
evolved,  and  especially  if  the  change  results  in  the  formation  of 
useful  products;  thus  the  decomposition  of  a  dead  body,  or  of  blood 
or  mine,  is  putrefaction;  that  of  grape-juice  or  malt- wort,  which 
yields  alcohol,  is  fermentation.  Putrefaction  and  fermentation  are 
not  processes  of  oxidation ;  nevertheless,  the  presence  of  oxygen 
appears  to  be  indispensable  to  their  commencement;  but  the 
change,  when  once  begun,  proceeds  without  the  aid  of  any  other 
substance  external  to  the  decomposing  body,  unless  it  be  water  or 
its  elements.  Every  case  of  putrefaction  thus  begins  with  decay ; 
and  if  the  decay,  or  its  cause,  namely,  the  absorption  of  oxygen, 
be  prevented,  no  putrefaction  occurs.  The  most  putrescible  sub- 
stances, as  animal  flesh  intended  for  food,  milk,  and  highly 
azotised  vegetables,  are  preserved  indefinitely,  by  inclosure  in 
metallic  cases  from  which  the  air  has  been  completely  removed 
and  excluded. 

Fermentation  and  putrefaction  are  always  accompanied  by  the 
development  of  certain  living  organisms  of  the  fungous  class; 
but  whether  the  growth  of  these  is  a  cause  or  a  consequence  of  the 
chemical  change  is  a  point  not  yet  decided.  We  shall  return  to 
this  subject  in  speaking  of  the  fermentation  of  sugar. 

3.  Action  of  Chlorine,  Bromine,  and  Iodine. — Chlorine  and  bro- 
mine exert  precisely  similar  actions  on  organic  bodies;  that  03 
chlorine  is  the  more  energetic  of  the  two.    The  reactions  consist : 

a..  In  simple  addition  of  chlorine  or  bromine  to  the  organic 
molecule;  e.g.: 

C4H404    +    Br2    =  C4H4Br204 

Fumade  Dibromosuccinic 
acid.  acid. 

j}.  In  removal  of  hydrogen  without  substitution  : 


C2H0O    +    CI,    =    2HC1    +  C2H40 

Alcohol.  Aldehyde. 
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y.  In  substitution  of  chlorine  Or  bromine  for  hydrogen : 
C2H402    +    Cl2    =    HC1    +  C3H3C102 

Acetic  Cliloracetic 
acid.  acid. 

C2H40,    +    3C12    =    3HC1    +  C3HC1302 

Acetic  Tricliloracetic 
acid.  acid. 

The  substitution-products  thus  formed  undergo  transformations 
closely  analogous  to  those  of  the  original  compounds,  under  the 
influence  of  similar  reagents ;  but  they  are  always  more  acid,  or 
less  basylous,  in  proportion  to  the  quantity  of  chlorine  or  bromine 
substituted  for  hydrogen.  Thus  aniline,  C0H7N,  which  is  a 
strong  base,  may  be  converted,  by  processes  to  be  hereafter  de- 
scribed, into  the  chlorinated  compounds,  C0HCC1N,  C6H6C12N, 
and  C0H4C13N,  the  first  and  second  of  which  are  less  basic  than 
aniline  itself,  while  the  third  does  not  show  any  tendency  to  form 
salts  with  acids. 

6.  In  presence  of  water  they  remove  the  hydrogen  of  that  liquid, 
and  set  free  the  oxygen :  hence,  chlorine- water  and  bromine- water 
act  as  powerful  oxidising  agents. 

Iodine  may  also  act  in  this  manner  as  an  oxidising  agent;  and  it 
sometimes  attaches  itself  directly  to  organic  molecules;  but  it 
never  acts  directly  by  substitution.  Iodine  substitution-products 
may,  however,  be  obtained  in  some  cases  by  treating  organic  bodies 
with  chloride  of  iodine,  the  chlorine  then  removing  hydrogen,  and 
the  iodine  taking  its  place. 

4.  Action  of  Nitric  Acid. — This  acid  acts  very  powerfully  on 
organic  substances.    The  action  may  be  of  three  kinds : 

«.  Direct  combination,  as  with  organic  bases ;  e.  g. : 

C2H7N    +    N03H    =  C2H7N.N03H 

Ethylamine.  Nitric  Ethylamine 

acid.  nitrate. 

J3.  Oxidation.    This  mode  of  action  is  most  frequently  observed 
with  the  somewhat  diluted  acid, 
y.  Substitution  of  nitryl  (N02)  for  hydrogen  ;  e.g.: 

C6H0   +     N02(OH)    =     H20    +  C6H6(N02) 

Benzene.  Nitric  acid.  Nitrobenzene. 

coH1005   +    3N02(OH)    =    3H20    +  OeH7(N02)8Ofi 

Cellulose.  Nitric  acid.  Tritrocellulosc 

(gun-cotton) 

This  action  takes  place  most  readily  with  the  strongest  nitric 
acid  (pure  hydrogen  nitrate).  The  products  (called  nitro-com- 
pounds)  arc  always  easily  combustible,  and  in  many  cases  highly 
explosive. 

6.  Action  of  Alkalis. — The  hydrates  of  potassium  and  sodium 
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act  on  organic  bodies  in  a  great  variety  of  ways,  the  most  important 
and  general  of  which  are  the  following : — 
a..  By  direct  combination : 

CO       +     KHO     =  CHKO, 

Carbon  Potassium  Potassium 

monoxide.  hydrate.  formate. 

C10H16O    +    KHO    =  C10HirKO2 

Camphor.  Potassium  Potassium 

hydrate.  campholate. 

fi.  By  double  decomposition  with  acids,  water  being  eliminated, 
and  a  salt  produced  : 

C2H402    +    KHO     =     H20    +  C2H3K02 

Acetic  acid.  Potassium 


acetate. 


Oxidation,  with  elimination  of  hydrogen  : 


C2HG0    +    KHO     =     C2H3K02    +  2H2 

Alcohol.  Potassium 

acetate. 

5.  From  chlorinated  compounds  they  remove  a  part  or  the  whole 
of  the  chlorine : 

C2H4C12    +    KHO    =    C2H3C1    +    KC1    +  H20 

Ethene  .  Chlor- 

chloride.  ethene. 

C5HnCl    +    KHO    =    C5H10      +    KC1    -f  H20 

Amyl  Amylene. 
chloride. 

s.  Amides  (pp.  347,  541)  are  decomposed  by  them  in  such  a 
manner  that  the  whole  of  the  nitrogen  is  given  off  as  ammonia, 
and  a  potassium  or  sodium  salt  of  the  corresponding  acid  is  pro- 
duced : 

NH2.C2H30    +    KHO    =    NH3    +  C2H30.0K 

Acetamide.  Potassium 

acetate. 

Many  other  azotised  organic  compounds,  when  heated  with 
alkaline  hydrates,  likewise  give  up  the  whole  of  their  hydrogen  in 
the  form  of  ammonia. 

6.  Action  of  Reducing  Agents. — This  name  is  given  to  bodies 
whose  action  is  the  inverse  of  that  of  oxygen,  chlorine,  bromine, 
and  iodine;  such  are  nascent  hydrogen,  obtained  by  the  action  of 
sodium-amalgam  on  water,  or  by  that  of  zinc  on  aqueous  acids  or 
alkalis ;  also  hydrogen  sulphide,  ammonium  sulphide,  sulphurous 
acid,  and  metals,  especially  potassium  and  sodium, — all  of  which 
either  give  up  hydrogen,  or  abstract  oxygen,  chlorine,  &c. 
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Eeducing  agents  may  act  in  the  following  ways : — 
«.  By  adding  hydrogen  to  an  organic  body : 

C2H40    +    HH    =  C2HB0 

Ethene  Alcohol, 
oxide. 

/3.  By  removing  oxygen,  chlorine,  bromine,  or  iodine,  without 
introducing  anything  in  its  place ;  thus  : 

C7H602    +    HH    =    H20    +  C7H60 

Benzoic  Benzoic 
acid.  aldehyde. 

y.  By  substituting  hydrogen  for  oxygen,  chlorine,  &c.  This 
process  is  called  inverse  substitution.  It  may  take  place  either  in 
equivalent  quantities;  e.g.: 

C7H5O.OH    +    2HH    =    H20    +  C7H7.OH 

Benzoic  Benzylic 
acid.  alcohol. 

or  it  may  happen  that  the  quantity  of  hydrogen  introduced  is 
only  half  that  which  is  equivalent,  to  the  oxygen  removed.  This 
mode  of  substitution  takes  place  with  nitro-compounds,  which  are 
thereby  reduced  to  others  containing  amidogen,  (NHA  in  place 
ofnitryl,  (N02);  thus: 

C6H5(N02)    +    3H2    =    2H20    +  C0H5(NH2) 

Nitrobenzene.  Amidobenzene 

(aniline). 

A  large  number  of  organic  bases  are  formed  in  this  manner  from 
nitro-compounds. 

7.  Action  of  Dehydrating  Agents. — Strong  sulphuric  acid,  sul- 
phuric oxide,  phosphoric  oxide,  and  zinc  chloride,  remove  oxygen 
and  hydrogen  from  organic  bodies  in  the  form  of  water,  the 
elements  of  which  are  derived,  sometimes  from  a  single  molecule 
ot  the  organic  body,  sometimes  from  two  molecules : 

C2H0O  -  H20  =  C2H4 
Alcohol.  Ethene. 

2C2H„0    -    H20    =  C4H10O 

Alcohol.  Ether. 

Compounds  which,  like  sugar,  starch,  and  woody  fibre,  consist 
'  carbon  united  with  hydrogen  and  oxygen  in  the  proportions  to 
"mi  water,  are  often  reduced  by  these  dehydrating  agents  to 
black  substances  consisting  mainly  of  carbon. 

Other  reactions  of  less  generality  than  those  above  described 
Will  be  sufficiently  illustrated  by  special  cases  in  the  sequel. 
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THE  ELEMENTARY  OR  ULTIMATE  ANALYSIS  OF  ORGANIC 
COMPOUNDS. 

Organic  compounds  contain,  for  the  most  part,  only  a  small 
number  of  elements.  Many  consist  only  of  carbon  and  hydrogen. 
A  very  large  number,  including  most  of  those  which  occur  ready- 
formed  in  the  bodies  of  plants  and  animals,  consist  of  carbon, 
hydrogen,  and  oxygen ;  others  consist  of  carbon,  hydrogen,  and 
nitrogen.  Others,  again,  including  most  of  the  proximate  prin- 
ciples of  the  animal  organism,  consist  of  four  elements,  carbon, 
hydrogen,  oxygen,  and  nitrogen.  Some  contain  sulphur,  phos- 
phorus, chlorine,  and  metallic  elements ;  in  fact,  artificially  pre- 
pared carbon  compounds  may  contain  any  elements  whatever. 
Moreover,  even  those  which  contain  only  a  small  number  of  ele- 
ments often  exhibit  great  complexity  of  structure,  in  consequence 
of  the  accumulation  of  a  large  number  of  carbon-atoms  in  the 
same  molecule. 

Determination  of  Carbon  and  Hydrogen. — The  quantities  of  these 
elements  are  determined  by  heating  a  known  weight  of  the  body 
to  be  analysed  in  contact  with  some  easily  reducible  metallic  oxide, 
black  oxide  of  copper  being  the  substance  generally  used.  The 
organic  body  then  undergoes  complete  combustion  at  the  expense 
of  the  oxygen  of  the  copper  oxide,  the  carbon  being  completely 
converted  into  carbon  dioxide,  and  the  hydrogen  into  waters 
These  products  are  collected  and  their  weights  determined,  and 
from  the  data  thus  obtained  the  quantities  of  carbon  and  hydrogen 
present  in  the  organic  substance  are  calculated.  When  nothing 
but  carbon  and  hydrogen,  or  those  bodies  together  with  oxygen, 
is  present,  one  experiment  suffices  ;  the  carbon  and  hydrogen  are 
determined  directly,  and  the  oxygen  by  difference. 

The  substance  to  be  analysed,  if  solid,  must  be  carefully  freed 
from  moisture.  If  it  will  bear  the  application  of  a  moderate  heat, 
this  desiccation  is  very  easily  accomplished 
by  a  water  or  steam  bath  :  in  other  cases, 
exposure  at  common  temperatures  to  the  ab- 
sorbent powers  of  a  large  surface  of  oil  of 
vitriol  in  the  vacuum  of  an  air-pump  must  be 
substituted. 

The  dried  powder  is  weighed  in  a  narrow 
open  tube,  about  2 J  or  3  inches  long  ;  tbjj 
tube  and  substance  are  weighed  together,  and, 
when  the  latter  has  been  removed,  the  tube 
with  any  little  adherent  matter  is  re-weighed. 
This  weight,  subtracted  from  the  former,  gives 
the  weight  of  the  substance  employed  in  the  experiment.  As  only 
half  a  gram  (5  or  6  grains)  is  used,  the  weighings  should  not  involve 
,i  greater  error  than  a  milligram  (or  wfo-  part  of  a  grain). 
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The  copper  oxide  is  best  made  from  the  nitrate  by  complete 
ignition  in  an  earthen  crucible  ;  it  is  reduced  to  powder  and  re- 
heated just  before  use,  to  expel  hygroscopic  moisture,  which  it 
absorbs,  even  while  warm,  with  avidity.  The  combustion  is  per- 
formed in  a  tube  of  hard  white  Bohemian  glass,  having  a  diameter 
of  0-4  or  0-5  inch,  and  varying  in  length  from  14  to  18  inches  : 
this  kind  of  glass  bears  a  moderate  red  heat  without  becoming  soft 
enough  to  lose  its  shape.    One  end  of  the  tube  is  drawn  out  to  a 


Fig.  148. 


Copper  oxide. 


Mixture. 


Copper  oxide. 


point,  as  shown  in  fig.  148,  and  closed  ;  the  other  is  simply  heated 
to  fuse  and  soften  the  sharp  edges  of  the  glass.  The  tube  is  now 
two-thirds  filled  with  the  yet  warm  copper  oxide,  nearly  the  whole 
oi  which  is  transferred  to  a  small  porcelain  or  Wedgwood  mortar, 
and  very  intimately  mixed  with  the  organic  substance.  The  mix- 
ture is  next  transferred  to  the  tube,  and  the  mortar  rinsed  with  a 
little  iresh  and  hot  oxide,  which  is  added  to  the  rest ;  the  tube  is, 
lastly,  filled  to  within  an  inch  of  the  open  end  with  oxide  from 
the  crucible.  A  few  gentle  taps  on  the  table  suffice  to  shake 
together  the  contents,,  so  as  to  leave  a  free  passage  for  the  evolved 
gases  from  end  to  end.  The  arrangement  of  the  mixture  and  oxide 
in  the  tube  is  represented  in  fig.  148. 

tvTlie  ^ube  is  then  reacly  t0  be  placed  in  the  furnace  or  chauffer  : 
this,  when  charcoal  is  the  fuel  employed,  is  constructed  of  thin 
sheet-iron  and  is  furnished  with  a  series  of  supports  of  equal 
neight,  which  serve  to  prevent  flexure  of  the  combustion-tube 
when  softened  by  heat.    The  chauffer  is  placed  upon  flat  bricks 

Fip.  149. 


or  a  piece  of  stone,  so  that  but  little  air  can  enter  the  grat  ing,  unless 
,  "    ,  1(;  be  Purposely  raised.    A  slight  inclination  is  also  given 

ouards .the  extremity  occupied  by  the  mouth  of  the  combustion- 
raoe,  which  passes  through  a  hole  provided  for  that  purpose. 
,  ' '  c°llect  the  water  produced  in  the  experiment,  a  small  light 

•i  .c  ot  the  form  represented  in  fig.  150,  oraTJ-tube,  as  in  Bg.  153, 
nued  with  fragments  of  spongy  calcium  chloride,  is  attached  by  a 
perforated  cork,  thoroughly  dried,  to  the  open  extremity  of  the 
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combustion-tube.  The  carbon  dioxide  is  absorbed  by  a  solution 
of  caustic  potash,  of  specific  gravity  T27,  which  is  contained  in  a 
small  glass  apparatus  on  the  principle  of  a  Woulfe's  bottle,  shown 
in  fig.  151.  The  connection  between  the  latter  and  the  calcium- 
Fig.  151. 


Fig.  150. 


chloride  tube  is  completed  by  a  little  tube  of  caoutchouc,  secured 
with  silk  cord.  The  whole  is  shown  in  fig.  152,  as  arranged  for 
use.  Both  the  calcium-chloride  tube  and  the  potash  apparatus  are 
weighed  with  the  utmost  care  before  the  experiment. 

Fig.  152. 


Drawing  of  the  whole  arrangement. 

The  tightness  of  the  junctions  may  be  ascertained  by  slightly 
rarefying  the  included  air  by  sucking  a  few  bubbles  from  the  inte- 
rior through  the  liquid,  using  the  dry  lips,  or,  better,  a  little  bent 
tube  with  a  perforated  cork ;  if  the  difference  of  level  in  the  liquid 
in  the  two  limbs  of  the  potash-apparatus  be  preserved  for  several 
minutes,  the  joints  are  perfect.  Bed-hot  charcoal  is  now  placed 
around  the  anterior  portion  of  the  combustion-tube,  containing  the 
pure  oxide  of  copper  ;  and  when  this  is  red-hot,  the  fire  is  slowly 
extended  towards  the  farther  extremity  by  shifting  the  movable 
screen  represented  in  the  drawing.  The  experiment  must  be  so 
conducted,  that  an  uniform  stream  of  carbon  dioxide  shall  enter 
the  potash-apparatus  by  bubbles  which  may  be  easily  counted  ; 
when  no  nitrogen  is  present,  these  bubbles  are,  towards  the 
termination  of  the  experiment,  almost  completely  absorbed  by 
the  alkaline  liquid,  the  little  residue  of  air  alone  escaping.  In  the 
case  of  an  azotised  body,  on  the  contrary,  bubbles  of  nitrogen  gas 
pass  through  the  potash-solution  during  the  whole  process. 

When  the  tube  has  been  completely  heated  from  end  t  o  end,  and 
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no  more  gas  is  disengaged,  but,  on  the  other  hand,  absorption 
begins  to  be  evident,  the  coals  are  removed  from  the  farthest  extre- 
mity of  the  combustion-tube,  and  the  point  of  the  latter  broken 
off.  A  little  air  is  drawn  through  the  whole  apparatus,  by  which 
the  remaining  carbon  dioxide  and  watery  vapour  are  secured.  The 
parts  are,  lastly,  detached,  and  the  calcium-chloride  tube  and 
potash-apparatus  re-weighed. 


Fig.  15 


The  mode  of  heating  the  combustion-tube  with  red-hot  charcoal 
is  the  original  process,  and  still  extensively  employed,  the  con- 
struction of  the  furnace  being  most  simple,  and  charcoal  every- 
where accessible.  But,  since  the  use  of  coal  gas  has  been  universally 
adopted  m  laboratories,  many  contrivances  have  been  suggested 


Fig.  154. 


Fig.  155. 


by  means  of  which  this  convenient  fuel  may  be  employed  also  in 
organic  analysis.  An  apparatus  of  this  kind*  is  the  one  represented 
W  fig.  153,  in  which  the  combustion-tube  is  heated  by  a  scries  of 

*  Hofmann,  Journal  of  Chemical  Society,  vol.  xi.  p.  30. 
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perforated  clay-burners.  These  clay-burners  are  fixed  on  pipes 
provided  with  stopcocks,  so  that  the  gas  may  be  lighted  according 
to  the  requirements  of  the  case.  The  stopcocks  being  appropri- 
ately adjusted,  the  gas  burns  on  the  surface  of  the  burners  with  a 
smokeless  blue  flame,  which  renders  them  in  a  short  time  incan- 
descent. The  construction  of  this  furnace  is  readily  intelligible 
by  a  glance  at  figures  154  and  155,  which  exhibit  the  different 
parts  of  the  apparatus  in  section,  fig.  154  representing  a  large 
furnace  with  five  rows,  and  fig.  155  a  smaller  furnace  with  three 
rows  of  clay-burners. 

The  following  account  of  a  real  experiment  will  serve  to  illus- 
trate the  calculation  of  the  result  obtained  in  the  combustion  of 
crystaUised  sugar : 

Quantity  of  sugar  employed     .       .       .       4-750  grains. 
Potash-apparatus  weighed  after  experiment  781-13 
„  ,,      before  experiment  773 -82 

Carbon  dioxide      .       .       .       7 '31 


Calcium-chloride  tube  after  experiment    .  226-05 
before  experiment  .  223-30 

Water  2-75 

7-31  gr.  carbon  dioxide  =  1'994  gr.  carbon :  and  2*75  gr.  water  = 
0-3056  gr.  hydrogen ;  or  in  100  parts  of  sugar  * 

Carbon  41-98 

Hydrogen        .  ...  6-43 

Oxygen,  by  difference      .       .       .  .51-59 

100-00 

When  the  organic  substance  cannot  be  mixed  with  the  copper 
oxide  in  the  manner  described,  the  process  must  be  slightly  modi- 
fied. If,  for  example,  a  volatile  liquid  is  to  be  examined,  it  is 
inclosed  in  a  little  glass  bulb  with  a  narrow  stem,  which  is  weighed 
before  and  after  the  introduction  of  the  liquid,  the  point  being 
hermetically  sealed.  The  combustion-tube  must  have,  in  this 
case,  a  much  greater  length ;  and  as  the  copper  oxide  cannot  be 
introduced  hot,  it  must  be  ignited  and  cooled  out  of  contact  with 
the  air,  to  prevent  absorption  of  watery  vapour.    This  is  most 

»  Tee  theoretical  composition  of  sugar,  C^EUOn,  reckoned  to  100 
narts,  gives — 

pan*,  fa  Quhon  42-11 

Hydrogen  6 '43 

Oxygen  51-46 

100-00 
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conveniently  effected  by  transferring  it,  in  a  heated  state,  to  a  large 
platinum  crucible  to  which  a  closely  fitting  cover  can  be  adapted. 
When  quite  cold,  the  cover  is  removed  and  instantly  replaced  by 
a  dry  glass  funnel,  by  the  assistance  of  which,  the  oxide  may  be 
directly  poured  into  the  combustion-tube 
with  merely  momentary  exposure  to  the  Fig-  156. 

air.  A  little  oxide  is  put  in,  then  the 
bulb,  with  its  stem  broken  at  a,  a  file- 
scratch  having  been  previously  made ;  and, 
lastly,  the  tube  is  filled  with  the  cold  and 
dry  copper  oxide.  It  is  arranged  in  the 
chauffer,  the  calcium-chloride  tube  aud 
potash  -  apparatus  adjusted,  and  then, 
some  six  or  eight  inches  of  oxide  having 
been  heated  to  redness,  the  liquid  hi  the 
bulb  is,  by  the  approximation  of  a  hot 
coal,  expelled,  and  slowly  converted  into 

vapour,  which,  in  passing  over  the  hot  oxide,  is  completely  burned 
lhe  experiment  is  then  terminated  in  the  usual  manner.  Fusible 
tatty  and  waxy  substances,  and  volatile  concrete  bodies,  as  cam- 
phor, are  placed  in  little  boats  of  glass  or  platinum. 

Copper  oxide  which  has  been  used,  may  be  easily  restored  bv 
moistening  with  nitric  acid,  and  igniting  to  redness;  it  becomes, 
in  tact,  rather  improved  than  otherwise,  as,  after  frequent  employ- 
ment, its  density  is  increased,  and  its  troublesome  hygroscopic 
powers  diminished.  For  substances  which  are  very  difficult  of 
combustion,  from  the  large  proportion  of  carbon  they  contain,  and 
tor  compounds  into  which  chlorine  enters  as  a  constituent,  fused 
and  powdered  lead  chromate  is  veiy  advantageously  substituted 
lor  the  copper  oxide.  Lead  chromate  freely  gives  up  oxygen  to- 
combustible  matters,  and  even  evolves,  when  strongly  heated,  a 
Uttle  of  that  gas,  which  thus  ensures  the  perfect  combustion  of  the 
organic  body. 

Analysis  of  Azotized  Substances.— The  presence  of  nitrogen  in  an 
ufTC1C?mi?lU1-d  i8  f*8!^  ascertained  by  heating  a  small  portion 
with  solid  potassium-hydrate  in  a  test-tube :  the  nitrogen,  if  present, 

and  ,Tr.     Mt°  ammonk>  wtich  may  be  recognised  by  its  odour 
ana  alkaline  reaction. 

In |  determining  the  carbon  and  hydrogen  in  such  bodies,  by 

'  nlmst,,,,,  with  copper  oxide,  as  above  described,  a  longer  tube 
norTi,    fii,  TSt  £6  emP%ed>  an<*  four  or  five  inches  of  its  anterior 

ruon  blled  with  copper-turnings  rendered  perfectly  metallic  by 
ijmition  tn  hydrogen.  This  serves  to  decompose  any  nitrogen 
jades  formed  a  the  process  of  combustion,  which,  if  suffered  to 
pros  on  undecomposed,  would  be  absorbed  by  the  potash  and 
Wtaate  the  determination  of  the  carbon. 

l&e  nitrogen  may  be  estimated  either  by  converting  it  into 
•unmoma,  by  igniting  the  substance  with  an  alkaline  hydrate,  as 
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above  mentioned,  or  by  evolving  it  in  the  free  state  and  measuring 

lt8lVBy  Conversion  into  Ammonia:  Will  and  Varrentrapp's method 
—An  intimate  mixture  is  made  of  1  part  caustic  soda,  and  2  or  3 
parts  quicklime,  by  slaking  lime  of  good  quality  with  the  proper 
proportion  of  strong  caustic  soda,  drying  the  mixture  in  an  iron 
vessel,  and  then  heating  it  to  redness  in  an  earthen  crucible.  The 
icmited  mass  is  rubbed  to  powder  in  a  warm  mortar,  and  carefully 
preserved  from  the  air.  The  lime  is  useful  in  many  ways ;  it  dimi- 
nishes the  tendency  of  the  alkali  to  deliquesce,  facilitates  mixture 
with  the  organic  substance,  and  prevents  fusion  and  liquefaction  A 
proper  quantity  of  the  substance  to  be  analysed,  namely,  from  5  to 
10  drains,  is  dried  and  accurately  weighed  out :  this  is  mixed  m  a 
warm  porcelain  mortar  with  enough  of  the  soda-lime  to  fall  two- 
thirds  of  an  ordinary  combustion-tube,  the  mortar  being  rinsed 
with  a  little  more  of  the  alkaline  mixture,  and,  lastly,  with  a 
small  quantity  of  powdered  glass,  which  completely  removes 
everything  adherent  to  its  surface ;  the  tube  is  then  filled  to  within 
an  inch  of  the  open  end  with  the  lime-mixture,  and  arranged  m 
the  chauffer  in  the  usual  manner.  The  ammonia  is  collected  m  a 
little  apparatus  of  three  bulbs  (fig.  157),  containing  moderately 
strong  hydrochloric  acid,  attached  by  a  cork  to  the  combustion- 
tube.  Matters  being  thus  adjusted,  fire  is  applied  to  the  tube 
commencing  with  the  anterior  extremity,    ^heii  it  is  ignited 
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Fig.  157. 


throughout  its  whole  length,  and  when  no  gas  issues  from  the 
apparatus,  the  point  of  the  tube  is  broken,  and  a  little  air  dnn\  > 
through  the  whole.  The  acid  liquid  is  then  emptied  into  a  cap- 
sule, the  bulbs  rinsed  into  the  same,  first  with  a  little  alcohol  ana 
then  repeatedly  with  distilled  water ;  an  excess  of  pure  pJatunc 
chloride  is  added;  and  the  whole  evaporated  to  dryness  m  a  water- 
bath.  The  dry  mass,  when  cold,  is  treated  with  a  mixture  oi 
alcohol  and  ether,  which  dissolves  out  the  superfluous  platinum 
chloride,  but  leaves  untouched  the  yellow  crystalkne  ammonium 
platinochloride.  The  latter  is  collected  upon  a  small  weignea 
filter  washed  with  the  same  mixture  of  alcohol  and  ether,  dried  .a 
100°  and  weighed;  100  parts  correspond  to  6-272  parts  of  mtrogeii. 
Or,  the  salt  with  its  filter  may  be  very  carefully  ignited,  the  MW 
burned  in  a  platinum  crucible,  and  the  nitrogen  reckoned  trom 
the  weight  of  the  spongy  metal,  100  parts  of  that  substance  cor- 
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responding  to  14-18  parts  of  nitrogen.  The  former  plan  is  to  be 
preferred  in  most  cases. 

Bodies  very  rich  in  nitrogen,  as  urea,  must  be  mixed  with  about 
m  equal  quantity  of  pure  sugar,  to  furnish  incondensable  gas  and 
thus  diminish  the  violence  of  the  absorption  which  otherwise 
occurs;  and  the  same  precaution  must  be  taken,  for  a  different 
reason,  with  those  which  contain  little  or  no  hydrogen 

A  modification  of  this  process  has  been  suggested  by  Pelioot 
which  is  very  convenient  if  a  large  number  of  mtrooen-cletermfna 
turns  is  to  be  made     By  this  plan,  the  ammonia, 
received  m  hydrochloric  acid,  is  conducted  into  a  known  volume 
(i  to  1  cubic  inch)  of  a  standard  solution  of  sulphuric  acid 
contained  in  the  ordinary  nitrogen-bulbs.    After    he  comW 
hon  is  finished  the  acid  containing  the  ammonia  is  poured  out 
into  a  beaker,  coloured  with  a  drop  of  tincture  of  litmus  and  then 
neutralised  with  a  standard  solution  of  soda  in  water,  S 
sugar-water,  the  point  of  neutralisation  becoming  perceptible  Z  th  e 
sudden  appearance  of  a  blue  tint.  The  lime-solution  is  cCvenientlv 
poured  out  from  an  alkalimeter.    The  volume  of  lime-sZtion 
necessary  to  neutralise  the  same  amount  of  acid  tkUs  ?fo 
condensing  the  ammonia,  having  been  ascertained  by  a  ple- 
nary experiment,  it  is  evident  that  the  difference  of  the  qiSntitie, 
used  in  the  two  experiments  gives  the  ammonia  coUecffm  £ 
H7§  he  combustion.    The  amount  of  nitrogen  may  thus 
be  calculated.    It,  for  instance,  an  acid  be  prepared  contain!™ 20 
grains  of  pure  hydrogen  sulphate  (H2S04)in  fooOpSSSS? 
hen  200  grain-measures  of  this  add-thequantity&uceSo 
the  kubs-wiU  correspond  to  1  -38  grains  of  ammonia  or  14 

e'l'  S"  „The  a  ?aUne  ff™  ?  80  ******  that  1000  fS 
measures  will  exactly  neutralise  the  200  grain-measures  nf  fh» 
todard  acid.   If  we  now  find  that  the  adfJSff  saturated with 
he  ammoma  disengaged  during  the  combustion  SvSSSiS 
'^stance,  requires  only  700  grain-measures  of  the  alkS  solu- 
tion, it  is  evident  that  200  x  300  an 

 1000        =  6    gram-measures  were 

20(j  °'342  grains  of  nitrogen. 

fc^^X^  the  nitr°sen  ^ 

C  H  rwff  > M  ?    — 6  m  the  form  of  an  oxMe,  as  in  nitrobenzene 

plPtelv  ST'  \  CaUSe  these  nitr«gen  oxides  are  not  com- 
Jrafe  ^  il,n,"""ifl  b7  heating  with  alkaline  hy- 

BMMth  nit?  th.6  CaSe  of  certain  organic  bases.    In  such 

■jwthe 'nitrogen  must  be  evolved  in  the  free  state  by  heating  the 

eofiS?t,?2y  w  ''  copper  oxicle>"  and  its  volume  determinea  by 
WCTmg  it  over  mercury  in  a  graduated  jar.    There  arc  several 

2  L 
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ways  of  effecting  this :  the  one  most  frequently  employed  is  that  of 
D  tunas,  as  simplified  by  Melsens.  _ 

A  tube  of  Bohemian  glass,  28  inches  long,  is  securely  sealed  at 
one  end ;  into  this  enough  dry  acid  sodium  carbonate  is  put  to 
occupy  6  inches.  A  little  pure  copper  oxide  is  next  introduced, 
and  afterwards  the  mixture  of  oxide  and  organic  substance  the 
weight  of  the  latter,  between  4-5  and  9  grains  in  a  dry  state, 
having  been  correctly  determined.  The  remainder  of  the  tube 
amounting  to  nearly  one-half  of  its  length,  is  then  filled  up  with 
pure  copper  oxide  and  spongy  metal,  and  a  round  cork,  perforated 


Fig.  158. 


by  a  piece  of  narrow  tube,  is  securely  adapted  to  its  mouth.  This 
tribe  is  connected  by  means  of  a  caoutchouc  joint  with  a  bent 
delivery-tube,  a,  and  the  combustion-tube  is  arranged  in  he 
furnace.  A  few  coals  are  now  applied  to  the  farther  end  of  the 
tube,  so  as  to  decompose  a  portion  of  the  acid  sodium  carbonate 
the  remainder  of  the  carbonate,  as  weU  as  of  the  other  part  otthe 
tube,  being  protected  from  the  heat  by  a  screen,  n.  The  current 
of  carbon  dioxide  thus  produced  is  intended  to  expel  all  the  arr 
from  the  apparatus.  In  order  to  ascertain  that  this  object  on 
which  the  success  of  the  whole  operation  depends  is  accomplish!*, 
the  delivery-tube  is  depressed  under  the  level  ol  a  mercurial 
trough,  and  the  gas,  which  is  evolved,  collected  in  a  test-tu  > 
filled  with  concentrated  potash-solution.  If  the  gas  be  perfect!) 
absorbed,  or,  if  after  the  introduction  of  a  considerable  quantity, 
only  a  minute  bubble  be  left,  the  air  may  be  considered  as  ex- 
pelled. The  next  step  is  to  fill  a  graduated  glass  jar  two-tnrME 
with  mercury  and  one-third  with  a  strong  solution  ol  potash,  ana 
to  invert  it  over  the  delivery-tube,  as  represented  in  ng.  [f- 

This  done,  fire  is  applied  to  the  tube,  commencing  at  the  OTP1 
end,  and  gradually  proceeding  to  the  closed  extremity  ,  w  hic  b  snu 
contains  some  undecomposed  acid  sodium  carbonate,  in  s, 
the  fire  at  length  reaches  it,  yields  up  carbon  dioxide,  which  cM» 
forward  the  nitrogen  lingering  in  the  tube  The  car bon  diovuU 
generated  during  the  combustion  is .wholly absorbed  hy  *e  1  ; 
&  the  jar,  and  nothing  is  left  but  the  nitrogen.    When  the  opera 
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tion  is  at  an  end  the  jar,  with  its  contents,  is  transferred  to  a 
vessel  of  water  and  the  volume  of  the  nitrogen  read  off  Tins  is 
properly  corrected  for  temperature,  pressiire,&and  aqueous  vapolr 
and  its  weight  determined  by  calculation,  men  the  operEn 
has  been  very  successful,  and  all  precautions  minutely  obsei  ved 
the  result  still  leaves  an  error  in  excess,  amounting  to  0  3  or  Si' 
per  cent  due  to  the  residual  air  of  the  apparatus"  or  that  con 
densed  in  the  pores  of  the  copper  oxide 

A  modification  of  the  process,  by  which  this  error  is  considerablv 
diminished  has  been  devised  by  Dr  Maxwell  Simpson  *  7 

nitTo  'enTn^P  S  is  ^P^le  to  the  estimation  of 

nitiogen  in  the  oxides  and  oxygen-acids  of  nitrogen  in  metallic 

Analysis  of  Chlorinated  Gompounds.—The  case  of  a  volatile  liauid 
containing  chlorine  is  of  very  frequent  occurrence,  ami  mav  he 
taken  as  an  illustration  of  the  general  plan  of  proceeding  The 
combustion  with  copper  oxide  must  be  very  JefX^ducted 
and  two  or  three  inches  of  the  anterior  portion  of  the  tube  S 
cool  enough  to  prevent  volatilisation  of  the  copper  chloride  So 
purpos™"  Lead  ChX°mate  iS  r  for  ae 

b  JhhenfCl?0™ie  iS  correct1/  determined  by  placing  a  smaU  weighed 

SfrliZl^/  Combus^tube'  which  isWwaXliUed 
with  fragments  of  pure  quicklime.  The  lime  is  brought  to  a  red 
teg,. and  the  Tapom,  of  the  H  ^  ^       over  it  when  [he 

W3ee    fcS  fr°m  the  ^  and  &™  rise  to  caki  m 

dflS  Siw      -i  c°ld>       contents  of  the  tube  are  dissolved  in 

M^^tS^*  mtered'and  the  ^orinepredp? 
hot  I l°f    TmC  ^pounds  containing  Sulphur. -When  a 

by  SffiE  fktwn  wei  J; f^T ST  °f  SUlphur  is  det™ed 
or  by  HinTSw^  f  the  substance  with  strong  nitric  acid, 
rfKSZt*  vessel  w!th  ten  or  twelve  timet  its  weigh 

ia  th  us  cPonveSd  Km  ^f  J?  much  nitre-  The  ™lp£ur 
be  detennine?bt  r  .^P W  acid  the  quantity  of  which  can 
^ttS  add^W^^  fU8ed  mass  *  water,  acidulating 
mam"     S t i  t    ^  8alt    Ph°°Ph™  is,  in  like 

deter in i'n H 9  I,hosPhoric  acid,  the  quantity  of  which  is 
otherwise     7  PreciPltatl0»  as  ammonio-magnesian  phosphate,  or 

*  Quarterly  Journal  of  the  Chemical  Society,  vi.  299. 
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EMPIRICAL  AND  MOLECULAR  FORMULAE. 

A  chemical  ,  formula  is  termed  empirical  when  it  merely  gives 
the  simplest  possible  expression  of  the  composition  oi  the  sub- 
stance to  which  it  refers.  A  .molecular  formula  on  the  contrary, 
expresses  the  absolute  number  of  atoms  of  each  of  its  elements 
supposed  to  be  contained  in  the  molecule  as  well  as  the  mere 
numerical  relations  existing  between  them.  The  empirical  formula 
is  at  once  deduced  from  the  analysis  of  the  substance,  reckoned  to 

10The  case  of  sugar,  already  cited,  may  be  taken  as  an  example, 
This  substance  gives  by  analysis — 


Carbon  ^Jg 

Hydrogen  

Oxygen   


51-59 


100-00 


If  each  of  these  quantities  be  divided  by  the  atomic  weight  of  the 
corresponding  element,  the  quotients  will  express  the  relations 
existing  between  the  numbers  of  atoms  of  the  three  elements, 
these  a?e  afterwards  reduced  to  their  simplest  expression.  This  is 
the  onlv  part  of  the  calculation  attended  with  any  difficulty,  it 
the  numbers  were  rigidly  correct,  it  would  only  be  necessary  to 
divide  each  by  the  greatest  divisor  common  to  the  whole ; but  as 
they  are  only  approximative,  something  is  of  necessity  left  to  the 
judgment  of  the  experimenter. 
In  the  case  of  sugar,  we  have 

=  3-50;    ^  =6-43;    5^j?  =  3-48, 


or  350  atoms  carbon,  643  atoms  hydrogen,  and  342  atoms  oxygen. 
Now  it  is  evident,  in  the  first  place,  that  the  hydrogen  and  oxygen 
are  present  nearly  in  the  proportions  to  form  water,  or  twice  as  many 
atoms  of  the  former  as  of  the  latter.  Again,  the  atoms  of  carbon 
and  hydrogen  are  nearly  in  the  proportion  of  12  :  22,  so  that  tne 
formula  C12H„,On  appears  likely  to  be  correct.  It  is  now  easy -to 
see  how  far  this  is  admissible,  by  reckoning  it  back  to  100  pan* 
comparing  the  result  with  the  numbers  given  by  the  actual 
malvsis,  and  observing  whether  the  difference  falls  tairly,  m 
direction  and  amount,  within  the  limits  of  error  of  what  may  ue 
*pimed  a  good  experiment,  viz.,  two  or  three-tenths  per  cent.  «e- 
ficimcy  in  the  carbon,  and  not  more  than  one-tenth  or  two-tenths 
tier  cent,  excess  in  the  hydrogen :— 
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Carbon  .  .  .  .  12  x  12  =  144 
Hydrogen  .  .  .  .  1  X  22  =  22 
Oxygen     .  .       .       16  X  11  =  176 


342  :  144  =  100 
342  :  222  =  100 
342  :  176  =  100 


342 


42-11 
6-43 
51-46 


To  determine  the  molecular  formula,  several  considerations  must 
be  taken  into  account,  namely,  the  combining  or  saturating  power 
of  the  compound ;  if  it  is  acid  or  basic,  the  number  of  atoms  of 
any  one  of  its  elements  (generally  hydrogen)  which  may  be 
replaced  by  other  elements ;  the  law  of  even  numbers,  which  re- 
quires that  the  sum  of  the  numbers  of  atoms  of  all  the  perissad 
elements  (hydrogen,  nitrogen,  chlorine,  &c.)  contained  in  the  com- 
pound shall  be  divisible  by  2 ;  and  the  vapour-density  of  the  com- 
pound (if  it  be  volatile  without  decomposition)  which,  in  normally 
constituted  compounds,  is  always  half  the  molecular  weight  (p.  240). 

The  molecular  formula  may  either  coincide  with  the  empirical 
formula,  or  it  may  be  a  multiple  of  the  latter.  Thus,  the  compo- 
sition of  acetic  acid  is  expressed  by  the  formula  CH20,  which 
exhibits  the  simplest  relations  of  the  three  elements ;  but  if  we 
want  to  express  the  quantities  of  these,  in  atoms,  required  to  make 
up  a  molecule  of  acetic  acid,  we  have  to  adopt  the  formula 
C,H402 :  for  only  one-fourth  of  the  hydrogen  in  this  acid  is  re- 
placeable by  metals  to  form  salts,  C2H3K02,  for  example  :  and  its 
vapour-density,  compared  with  hydrogen,  is  nearly  30,  which  is 
half  the  weight  of  the  molecule,  C2H402  =  2.12  +  4.  1  +2.16. 
Again,  the  empirical  formula  of  benzene  is  CH ;  but  this  contains 
an  uneven  number  of  hydrogen-atoms ;  moreover,  if  it  expressed 
the  weight  of  the  molecule  of  benzene,  the  vapour-density  of  that 

compound  should  be  ll±i  =  6-5,  whereas  experiment  shows  that 

it  is  six  times  as  great,  or  equal  to  39:  hence  the  molecular  formula 
oi  benzene  is  C0H0. 

Organic  acids  and  salt-radicals  have  their  molecular  weights 
most  frequently  determined  by  an  analysis  of  their  lead  and  Silver 
salts  by  burning  these  latter  with  suitable  precautions  in  a  thin 
porcelain  capsule,  and  noting  the  weight  of  the  lead  oxide  or 
metallic  silver  left  behind.  If  the  lead  oxide  be  mixed  with 
globules  of  reduced  metal,  the  quantity  of  the  latter  must  be  ascer- 
tained by  dissolving  away  the  oxide  with  acetic  acid.  Or  the  lead 
II  mfy  '"'  converted  into  sulphate,  and  the  silver  compound  into 
fluoride,  and  both  metals  thus  estimated.  An  organic,  base,  on 
the  contrary,  1ms  its  molecular  weight  fixed  by  observation  of  the 
quantity  of  a  mineral  acid  or  organic  salt-radical,  required  to  form 
witt  it  m  compound  bavin-  the  characters  of  neutrality. 
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The  rational  and  constitutional  formulae  of  organic  compounds 
will  be  considered  further  on. 

It  is  scarcely  necessary  to  observe  that  the  methods  just  de- 
scribed for  determining  the  empirical  and  molecular  formula  of 
an  organie  compound  from  the  results  of  its  analysis  together 
with  its  physical  properties  and  chemical  reactions,  are  equally 
applicable  to  inorganic  compounds. 


CLASSIFICATION  OF  ORGANIC  COMPOUNDS. — ORGANIC  SERIES. 

The  classification  of  organic  compounds  is  based  upon  the  equi- 
valence or  atomicity  of  carbon.  This  element  is  a  tetrad,  being 
capable  of  uniting  with  at  most  four  atoms  of  hydrogen  or  other 
monatomic  elements.  Methane  or  marsh  gas,  CH4,  is  therefore 
a  saturated  hydrocarbon,  not  capable  of  uniting  directly  with 
chlorine,  bromine,  or  other  monad  elements,  but  only  of  exchang- 
ing a  part  or  the  whole  of  its  hydrogen  for  an  equivalent  quantity 
of  another  monad  element.  It  may,  however,  as  already  explained 
(p.  248),  take  up  any  number  of  dyad  elements  or  radicals,  because 
such  a  radical  introduced  into  any  group  of  atoms  whatever, 
neutralises  one  unit  of  equivalency,  and  adds  another,  leaving 
therefore  the  combining  capacity  or  equivalence  of  the  group  just 
the  same  as  before.  Accordingly,  the  hydrocarbon,  CH4,  may 
take  up  any  number  of  molecules  of  the  bivalent  radical,  CH2, 
thereby  giving  rise  to  the  series  of  saturated  hydrocarbons, 

CH4,         C2HG,         C3H8,         C4H10  .  .  .  C„H2n+2. 

A  series  of  compounds,  the  terms  of  which  differ  from  one 
another  by  CH2,  is  called  a  homologous  series.  There  arc 
many  such  series  besides  that  of  the  hydrocarbons  just  mentioned; 
thus  methyl  chloride,  CH3C1,  gives  by  continued  addition  of  CH2, 
the  series  of  chlorides, 

CH3CI,     C2H6C1,     C3H7C1,     C4H9C1  .  .  .  CnHihH-iCl; 

and  from  methyl-alcohol,  CH40,  is  derived  in  like  manner  the 
series  of  homologous  alcohols, 

CH40,     C2H60,     C3H80,     C4H10O  .  .  .  CnH2n+20. 

The  terms  of  the  same  homologous  series  resemble  one  another 
in  many  respects,  exhibiting  similar  transformations  under  the 
action  of  given  reagents,  and  a  regular  gradation  of  properties  from 
the  lowest  to  the  highest;  thus,  of  the  hvdrocarbons,  G1H211+2, 
the  lowest  terms  CH,,  C2H„,  and  C3H8,  are  gaseous  at  ordinary 
temperatures,  the  highest,  containing  20  or  more  carbon-atoms, 
are  solid,  while  the  intermediate  compounds  are  liquids,  becoming 
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more  and  more  viscid  and  less  volatile,  as  they  contain  a  greater 
number  of  carbon-atoms,  and  exhibiting  a  constant  rise  of  about 
20°  in  their  boiling  points  for  each  addition  of  CH2  to  the  mole- 
cule. 

The  saturated  hydrocarbons,  CnH2n+2,  may,  under  various  cir- 
cumstances, be  deprived  of  two  atoms,  or  one  molecule,  of  hydro- 
gen, thereby  producing  a  new  homologous  series, 

CH2,      C,H4,      C3HG,       C4H8  .  .  .  CnH2n- 

These  are  unsaturated  molecules,  having  two  units  of  equivalency 
uncombined,  and  therefore  acting  as  bivalent  radicals,  capable  of 
taking  up  2  atoms  of  chlorine,  bromine,  or  other  univalent  radi- 
cals, and  1  atom  of  oxygen  or  other  bivalent  radical. 

The  first  term  of  this  last  series  cannot  give  up  2  atoms  of 
hydrogen  without  being  reduced  to  the  atom  of  carbon ;  but  the 
remaining  terms  may  each  give  up  2  atoms  of  hydrogen,  and  thus 
give  rise  to  the  series, 

C2H2,      C3H4,       C4H0  .  .  .  CnH2n— 2, 

each  term  of  which  is  a  quadrivalent  radical. 

And,  in  like  manner,  by  successive  abstraction  of  H2,  a  number 
of  homologous  series  may  be  formed,  whose  general  terms  are 

CnH2n-l-2,     CnH2n,     CnH2n— 2,  CnH2n— 4  .  .  .  &C 

The  individual  S6ri6Sj  cis  fcir  cis  Cg,  are  given  in  the  following 
table,  together  with  the  names  proposed  for  them  by  Dr.  Hofmann  :* 


CH4 

CH2 

Methane 

Methene 

C2H4 

C2H2 

Ethane 

Ethene 

Ethine 

C3H6 

C3H4 

Propane 

Propene 

Propine 

Propone 

C4H10 

C4H8 

C4H0 

C4H4 

C4H2 

Quartanc 

Quartene 

Qnartine 

Quartone 

Qnartune 

C5H12 

C6Hio 

C6H8 

C5H0 

C5H4 

Qnintane 

Quintene 

Quintine 

Quintone 

Quintune 

Sextane 

Sextene 

Sextine 

Sextone 

Sextune 

CflH4 

table  forms  a  homologous  series, 


CH2,  and  each  horizontal  line  an 


Each  vertical  column  of  this 
in  which  the  terms  differ  by 

UJologoiia  series,  in  which  the  successive  terms  differ  by  H2. 
The  bodies  of  these  last  series  are  designated  as  the  monocarbon, 

©CaTDOI)  group,  &C. 

Tin'  formtilfB  in  the  preceding  table  represent  hydrocarbons,  all 
*  Proceedings  of  the  Royal  Society,  sv.  67. 
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of  which  are  capable  of  existing  in  the  separate  state,  and  many  oi 
which  have  been  actually  obtained.  They  are  all  derived  from 
saturated  molecules,  CnH2n-f-2,  by  abstraction  of  one  or  more  pain 
of  hydrogen-atoms. 

But  a  saturated  hydrocarbon,  CH4,  for  example,  may  give  up 
1,  2,  3,  or  any  number  of  hydrogen-atoms  in  exchange  for  other 
elements ;  thus,  marsh  gas,  CH4,  subjected  to  the  action  of  chlorine 
under  various  circumstances,  yields  the  substitution-  products, 

CH3C1,       CH2C12,       CHCI3,  CC14, 

which  may  be  regarded  as  compounds  of  chlorine  with  the  radicals, 

(CH3y,    (CH2y,    (CH3y,  c*; 

and  in  like  maimer  each  hydrocarbon  of  the  series,  CnH2n+2,  may 
yield  a  series  of  radicals  of  the  forms, 

(C„H2n+l)',      (CaEU)",      (0„H2n_l)"',      CnEbn-s)1',  &C, 

each  of  which  has  an  equivalent  value,  or  combining  power,  cor- 
responding with  the  number  of  hydrogen-atoms  abstracted  from 
the  original  hydrocarbon.  Those  of  even  equivalence  contain  even 
numbers  of  hydrogen-atoms,  and  are  identical  in  composition  with 
those  in  the  table  above  given ;  but  those  of  uneven  equivalence 
contain  odd  numbers  of  hydrogen-atoms,  and  are  incapable  of 
existing  in  the  separate  state,  except,  perhaps,  as  double  molecules 
(p.  252). 

These  hydrocarbon  radicals  of  uneven  equivalence  are  designated 
by  names  ending  in  yl,  those  of  the  univalent  radicals  being 
formed  from  methane,  ethane,  &c,  by  changing  the  termination 
ane  into  yl;  those  of  the  trivalent  radicals  by  changing  the  final  e 
in  the  names  of  the  bivalent  radicals,  metbene,  &c,  into  yl;  and 
similarly  for  the  rest.  The  names  of  the  whole  series  will  there- 
fore be  as  follows : 


CH4 
Methane 

C2H0 
Ethane 

C3H8 
Propane 


(CH3)' 
Methyl 

(C2H5)' 
Ethyl 

(C8H7)» 
Propyl 


(CH2)" 
Metliene 

(C2H4)" 
Ethene 

(C3H0)" 
Propene 
<fec. 


(CH)'" 
Methenyl 

(C2H3)"' 
Ethenyl 

(C3HS)"' 
Propenyl 


(C2H^,V 
Ethine 

(C3H4)i« 
Propiiie 
ifec. 


(C2H> 
Ethinyl 

(C3H3)" 
Propinyl 


(CjHs)"  (C3H)'" 
Propone  Proponyl 

•fee 


From  these  hydrocarbon  radicals,  others  of  the  same  degree  of 
equivalence  may  be  derived  by  partial  or  total  replacement  of  (lie 
hydrogen  by  other  elements,  or  compound  radicals.  Thus  from 
propyl,  C3H7,  may  be  derived  the  following  univalent  radicals : 

C3H0(CN)' 

Cyanopropyl- 


C3H6C1 


Chloropropyl 


Oxypropyl 


C3H3C14 

Tetrachloro 
propyl 

C3H6(N02)  C3H4(NH2)0 

Nitropropyl  Amidoxypropyl 


C3H50 


C3H2C130 

Tiichlor- 
oxypropyl 

C,H0(CH3) 
Methyl-propyl 


C'3H6(C2H5)2 

Diethyl-propyl. 


CLASSIFICATION  OF  ORGANIC  COMPOUNDS.  537 

From  the  radicals  above  mentioned,  all  well-defined  organic 
compounds  may  be  supposed  to  be  formed  by  combination0  and 
substitution,  each  radical  entering  into  combination,  just  like  an 
elementary  body  of  the  same  degree  of  equivalence. 

Organic  compounds  may  thus  be  arranged  in  the  following 
classes : 

A.  Compounds  not  containing  Nitrogen  or  the  analogous  elements, 
Phosphorus,  Arsenic,  &c. 

I.  Hydrocarbons  containing  even  numbers  of  hy- 
drogen atoms.— These  are  the  compounds  tabulated  on  page 
535  ;  they  are  sometimes  regarded  as  hydrides  of  radicals  con- 
taining uneven  numbers  of  hydrogen  atoms;  e.g.: 

Methane,  CH4    =    CH3.H,  Methyl  hydride. 

II.  Alcohols.— Compounds  of  hydrocarbon  radicals  (hence 
called  alcohol-radicals),  with  hydroxyl ;  e.g. : 

C2H5(HO)  (C2H4)"(HO)2  (C3H5)'"(HO)3 

Ethyl  al-  Ethene  alcohol  Propenyl  alcohol 

cohol.  (Glycol).  (Glycerin). 

These  compounds  may  be  formed  from  the  corresponding  haloid 
ethers,  by  the  action  of  water  or  alkalis,  just  as  metallic  hydrates 
are  formed  from  the  corresponding  chlorides,  &c. 

III.  Haloid  Ethers.— Compounds  of  hydrocarbons  with  halo- 
gens ;  e.g.  : 

CH3CI  C2H4Br2  C3H5I3 

Methyl  chloride.  Ethene  bromide.  Propenyl  iodide. 

These  compounds  are  formed  by  the  action  of  haloid  acids  upon 
alcohols,  or  by  direct  substitution  of  chlorine,  bromine,  &c,  for 
Hydrogen  m  hydrocarbons  containing  even  numbers  of  hvdro^en 
atoms.  J  6 

IV-  Oxygen  Ethers,  or  Alcoholic  Oxides.— Compounds 
ot  hydrocarbon  radicals  with  oxygen ;  e.g. :  « 

(C2S,2°         <W°  (WA 

These  ethers  are  related  to  the  alcohols  in  the  same  manner  as 
anhydrous  metallic  oxides  to  the  corresponding  hydrates  or  hydry- 
HnT*5r  n;ay,  ?  formed,  in  many  instances,  by  direct  dehydra- 
tion ot  the  alcohols,  as  by  the  action  of  sulphuric  acid,  zinc  chloride, 

V.  Sulphur  and  Selenium  Alcohols  and  Ethers.— Com- 
I>ou„as  analogous  111  composition  to  the  oxygen  alcohols  and 
tners,  the  oxygen  being  replaced  by  sulphur  or  selenium.  The 
snipmvr  and  selenium  alcohols  are  also  called  mercaptans. 


CLASSIFICATION  OF  ORGANIC  COMPOUNDS. 


VI.  Organo-metallic  bodies.— Compounds  of  hydrocarbon 
radicals  with  monad,  dyad,  and  tetrad  metals  ;  e.g. : 

NaC2H6  Zn"(CH3)2  Sn*(C2H6)" 

Sodium  ethide.  Zinc  methide  Stannic  ethide. 

Hg"(CH3)Cl  Sni"(C2H5)3Cl  Sn"(CH3)2I2 

Mercuric  chloro-  Stannic  chloro-  Stannic  dimethyl 

methide.  triethyde.  di-odide. 

VII.  Aldehydes. — These  are  compounds  intermediate  between 
alcohols  and  acids.    Thus  : 

C2HG0  C2H40  C2H402 

Ethyl  Acetic  Acetic 

alcohol  aldehyde.  acid. 

They  are  produced  by  oxidation  of  alcohols,  and  are  reconverted 
into  the  latter  by  the  action  _  of  nascent  hydrogen.  By  further 
oxidation  they  are  converted  into  acids. 

VIII.  Ketones.— These  are  bodies  derived  from  aldehydes  by 
the  replacement  of  1  atom  of  hydrogen  by  an  alcohol-radical ;  e.g.: 

Acetone,  C3HG0  =  C2H3(GH3)0  . 

They  are  produced  by  the  dry  distillation  of  the  calcium  or  barium 
salts  of  monobasic  acids,  and  by  other  processes  which  will  be 
mentioned  further  on. 

IX.  Organic  Acids. — Compounds  of  oxygenated  radicals  with 
hydro xyl;  e.g.: 

C2H3O.HO       (C4H402)".(HO)2  (C6H504)'".(HO)3 

Acetic  acid.  Succinic  acid.  Citric  acid. 

These  compounds  are  formed  in  a  variety  of  ways ;  among  others, 
by  oxidation  of  alcohols,  and  by  the  action  of  water  on  the  corre- 
sponding acid  halides,  just  as  alcohols  are  formed  from  alcoholic 
chlorides.  A  very  large  number  of  them  exist  also  ready-formed 
in  the  bodies  of  plants  and  animals. 

The  hydrogen  in  the  radicals  of  these  acids  may  be  more  or  less 
replaced  by  chlorine,  bromine,  nitryl,  (N02),  and  other  chlorous 
radicals;  thus,  from  benzoic  acid,  C7H6O.HO,  are  derived: 

CrH4C10.HO       C7H5(N02)O.HO  CrH5(NH2)O.HO 

Chlorobenzoic  Nitrobenzoic  Amidobenzoic 

acid.  acid.  ncid. 

X.  Acid  Halides.— Compounds  of  oxygenated  radicals  (acid 
radicals)  with  chlorine,  &c. ;  e.g.: 

CoH3O.Cl  (C4H402)"C12  (C0H6O)4"'Cl3 

"  Acetyl  Succinyl  Citryl  chloride, 

chloride.  chloride. 
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These  compounds  are  formed  by  the  action  of  the  chlorides, 
bromides,  &c,  of  phosphorus  on  the  compounds  of  the  next  class! 

XL  Acid  Oxides,  sometimes  called  Anhydrous  acids,  or 
Anhydrides ;  e.g.: 

(C2H30)20  (C4H402)"0  (C2H30)(C7H50)0 

Acetic  oxide.  Succinic  oxide.  Acetobenzoic  oxide. 

These  are  related  to  the  acids  in  the  same  manner  as  the  oxygen- 
ethers  to  the  alcohols,  and  are  formed  from  them  in  some  instances 
by  direct  dehydration. 

XII.  Ethereal  Salts,  also  called  Compound  Ethers.— 
Compounds  formed  from  acids  by  substitution  of  alcohol-radicals 
for  hydrogen,  just  as  metallic  salts  are  produced  by  substitution 
of  metals  for  the  hydrogen  in  acids ;  e.  g. : 

S04.HH  P04.HHH 

Sulphuric  Phosphoric 
acid.  acid. 

S04.(C2H6)H  P04.(C2H5)HH 

Monethylic  Monethylic 
sulphate.  phosphate. 

S04.(C2H6)2  P04.(C2H5)2H 

Diethylic  Diethylic 
sulphate.  phosphate. 

P04.(C2H5)3 

Triethylic 
phosphate. 

They  are  produced  in  many  cases  by  heating  an  acid  or  the  cor- 
responding chloride  with  an  alcohol. 

B.  Compounds  containing  Nitrogen  or  its  Analogues. 

I.  Amines,  also  called  Alcohol-bases,  or  Compound 
?™™°n.las-  — Compounds  of  alcohol-radicals  with  amidogen, 
'      2) )  imidogen,  (NH)",  and  trivalent  nitrogen;  e.g.: 


C2H302.H 

Acetic 
acid. 

C2H302.C2H5 

Ethylic 
acetate. 


C2H5.H2N 

Ethylamine. 

(C2H4)''.(H2N)2 

Ethcne-diamine. 


(C2H6)2.HN 

Dicthylamine. 

(C2H4)"2.(HN)2 

Diethene-diamine. 


(C2H6)3N 

Triethylamine. 

(C2H4)"2.N2 

Triethene-diamine. 


The  modes  of  formation  of  these  bodies  will  be  explained  here- 
aner.  they  are  mostly  of  basic  character,  and  capable  of  forming 
salts  with  acids,  like  ammonia,  H3N,  from  which  they  may,  in 
ract,  he  derived  by  substitution  of  alcohol-radicals  for  part  or  the 
wnole  of  the  hydrogen.  Those  in  which  the  hydrogen  is  wholly 
"ins  replaced  are  called  nitriles;  and  among  these  special  men- 
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tion  must  be  made  of  a  group  consisting  of  nitrogen  combined  wit! 
a  trivalent  bydrocarbon  radical,  sucb  as — 

(CH)"'N  (C2H3)'"N  (C3H3)'"N 

Methenyl  Ethenyl  Propenyl 

nitrlle.  nitrile.  nitrile. 

Tbese  nitriles  bave  no  basic  properties,  but  are  all  neutral, 
except  the  first,  which  is  a  monobasic  acid,  capable  of  exchanging 
its  hydrogen  for  metals,  and  in  this  character  may  be  regarded  as 
a  compound  of  hydrogen  with  the  univalent  radical  cyanogen 
— C=N  ;  it  is  accordingly  named  hydrogen  cyanide,  or 
hydrocyanic  acid,  and  the  other  nitriles  homologous  with  it 
are  the  ethers  of  this  acid ;  thus  : 

Methenyl  nitrile,  (CH)'"N  =  CN  .  H,  Hydrogen  cyanide, 
Ethenyl  nitrile,  (C9H3)"'N  =  CN  .  CH3,  Methyl  cyanide, 
Propenyl  nitrile,  (C3H6)'"N  =  CN  .  C2H5,  Ethyl  cyanide. 

The  metallic  cyanides  have  been  already  noticed  (p.  300). 

II.  Alcoholic  Ammonium-compounds.— Compounds  con- 
taining pentad  nitrogen,  and  having  the  composition  of  ammonium 
salts  in  which  the  hydrogen  is  more  or  less  replaced  by  alcohol 
radicals  ;  e.g. : 

NV(C„H5)H3C1  Ethylammonium  chloride, 

Nv(CoH5)2H2Cl  Diethylammoninm  chloride, 

NV(C2H6)3HC1  Triethylammonium  chloride, 

NV(C2H5)4C1  Tetrethylammonium  chloride, 

NXCgHj^HO)  Tetrethylammonium  hydrylate. 

This  last  compound  and  its  analogues,  containing  methyl, 
amyl,  &c,  are  powerful  alkalis,  obtainable  in  the  solid  state,  by 
evaporation  of  their  aqueous  solutions,  as  white  deliquescent 
crystalline  masses  resembling  caustic  potash. 

III.  Phosphorus,  Arsenic,  and  Antimony  compounds, 
analogous  to  the  nitrogen  compounds  I.  and  II.  ;  e.  g. : 

P'"(CH3)3  As"'(C2H5)3  Sb'"(C2H5)3 

Triethyl  phosphine.  Triethyl-arsine.  Triethyl-stibine. 

P"(CH3)4C1  AsXCH3)(C2H5)3Cl  SbXC2H6)4(HO) 

Tetramethyl-phos-         Methyl-triethyl-arsonhvm  Tetrethyl-stiDonium 
phonium  cliloride.  chloride.  .  hydrate. 

IV.  Amides. — Compounds  exactly  analogous  to  the  amines, 
but  with  acid  radicals  instead  of  alcohol  radicals  ;  those  which 
contain  bivalent  acid  radicals  combined  with  imidogen,  (NH)  , 
are  called  imides  ;  e.  g. : 

Acetamide,    .     C,H3O.H0N  Succinamide,  (C4H402)"/;(H?N)i 

Diacetamide,   (C?H30)2.HN  Trisuccinamide,  (C4H40.,)3"  .N  • 

Succinimide,  (Cjl.O/'.HN  Citramide,       (O0lT,O  •  \N  . 
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V.  Amic  acids. — Acids  consisting  of  a  bivalent  or  trivalent 
acid  radical  combined  with  hydroxyl  and  with  amidogen  ;  e.g. : 

Succinamic  acid,  (C4H40,)".HO  .H9N 
Citramic  acid  *   (CGH.04)",.HO  .(HN)". 

Each  of  the  classes  of  carbon  compounds  above  enumerated  may 
be  divided  into  homologous  and  isologous  series,  though  in  most 
cases  these  series  are  far  from  being  complete. 

Further,  organic  compounds  may  be  divided  into  two  great 
groups,  called  the  Fatty  and  Aromatic  groups,  each  mcluding 
hydrocarbons,  alcohols,  acids,  bases,  &c.  The  corresponding  com- 
pounds in  these  two  groups  are  distinguished  from  one  another  by 
well  marked  characters,  supposed  to  depend  upon  the  arrange- 
ment of  the  carbon-atoms  in  their  molecules. 

The  preceding  classes,  most  of  which  have  their  analogues 
amongst  inorganic  compounds,  include  nearly  all  artificially  pre- 
pared organic  bodies,  and  the  majority  of  those  produced  in  the 
living  organism.  There  are  still,  however,  many  compounds 
formed  in  the  bodies  of  plants  and  animals,  the  chemical  relations 
of  which  are  not  yet  sufficiently  well  made  out  to  enable  us  to 
classify  them  with  certainty.  Such  is  the  case  with  many  vege- 
table oils  and  resins,  with  most  of  the  alkaloids  or  basic  nitro- 
genised  compounds  found  in  plants,  such  as  morphine,  qiu'nine, 
strychnine,  &c,  and  several  definite  compounds  formed  in  the 
animal  organism,  as  albumen,  fibrin,  casein,  and  gelatin. 

Rational  Formula  of  Organic  Compounds. — It  must  be  distinctly 
understood  that  the  formulae  above  given  are  not  the  only  ones  by 
which  the  constitution  of  the  several  classes  of  organic  compounds 
may  be  represented.^  Eational  formula?  are  intended  to  represent 
the  mode  of  formation  and  decomposition  of  compounds,  and  the 
relation  which  allied  compounds  bear  to  one  another  :  hence,  if  a 
compound  can,  under  varying  circumstances,  split  up  into  differ- 
ent atomic  groups  or  radicals,  or  if  it  can  be  formed  in  various 
ways  by  the  combination  of  such  radicals,  different  rational 
formula?  must  be  assigned  to  it.  This  point  has  been  already 
noticed  in  connection  with  the  constitution  of  metallic  salts,  anil 
illustrated  especially  in  the  case  of  the  sulphates  (p.  306) ;  but 
organic  compounds,  which  for  the  most  part  contain  larger  num- 
bers  of  atoms,  and  are  therefore  capable  of  division  into  a  greater 
number  of  groups,  afford  much  more  abundant  illustration  of  the 
same  principle.  Take,  for  example,  acetic  acid,  the  molecular 
formula  of  which  is  02H402.  This  may  be  resolved  into  the 
following  rational  formula?  : 

}■  CofI  02.H. — This  formvda,  analogous  to  that  of  hydrochloric 
acid,  01.  H,  indicates  that  a  molecule  of  acetic  acid  can  give  up  one 

,   This  compound  is  not  actually  known  ;  but  its  derivative,  phsnj  1- 
citramic  acid  (C.FW'.G'oH.O.HN,  has  been  obtained. 


542 


CLASSIFICATION  OP  ORGANIC  COMPOUNDS. 


;itora  of  hydrogen  in  exchange  for  a  univalent  metal  or  alcohol- 
radical,  forming;  for  example,  sodium  acetate,  C2H802.Na,  ethyl 
acetate,  C2H,O.C2H5,  &c. ;  that  two  molecules  of  the  acid  may  give 
up  two  hydrogen-atoms  in  exchange  for  a  bivalent  metal  or  alcohol- 
radical,  forming  barium  acetate,  (C2H302)2Ba",  ethene  acetate, 
(C2H30„)2.(C2H4)",  &c.  ;  in  other  words,  that  acetic  acid  is  a  mono- 
basic acid  (p.  307). 

2.  C2H30 .  HO. — This  formula,  analogous  to  that  of  water, 
H .  HO^  corresponds  to  such  reactions  as  the  formation  of  acetic 
acid  from  acetic  chloride  by  the  action  of  water : 

C2H30.C1  +  H.HO  =  HC1  +  C2H3O.HO. 

3.  C2H3O.H.O. — This  formula,  also  comparable  to  that  of 
water,  H.H.O,  corresponds  to  the  conversion  of  acetic  acid  into 
acetic  chloride,  hydrochloric  acid,  and  phosphorus  oxychloride,  by 
the  action  of  phosphorus  pentachloride  : 

C2H30 .  H .  0  +  PC13 .  Cl2  =  C2H30 .  CI  +  HC1  +  PC130 ; 

also  to  the  formation  of  thiacetic  acid,  C2H30.  H.S,  by  the  action 
of  phosphorus  pentasulphide  on  acetic  acid : 

5(C2H3O.H.O)  +  P2S6  =  5(C2H3O.H.S)  +  P205. 

4.  (C2H3)"'.HO.O. — This  represents  the  formation  of  acetic 
acid  from  ethenyl  nitrile,  (C2H3)"'N,  by  heating  with  caustic 
alkalis : 

(C2H3)'"N  +   g^Q  j  =  NH3  +  (C2H3r.O.HO . 

Ethenyl  Water, 
nitrile. 

5.  (CO.CHg).HO. — This  formula,  in  which  the  radical  acetyl, 
C2H30,  is  resolved  into  carbonyl,  (CO)",  and  methyl,  corresponds : 

a..  To  the  decomposition  of  acetic  acid  by  electrolysis,  in  which 
hydrogen  is  evolved  at  the  positive  pole,  while  carbon  dioxide  and 
ethane,  C2H6,  appear  at  the  negative : 

2(CO.CH3.HO)  =  H2  +  C2H0  +  2C02. 

/3.  To  the  production  of  methane  (marsh  gas)  by  heating  potas- 
sium acetate  with  excess  of  potassium  hydrate  (p.  165): 

CO.CH3.KO  +  HKO  =  CH4  -f  (CO)".(KO)2. 

Potassium  acetate.      Potassium     Methane.  Potassium 
hydrate.  carbonate. 

7.  To  the  production  of  acetone  and  barium  carbonate  by  the  dry 
distillation  of  barium  acetate : 

(CO.CH3)2.Ba"02   =   (CO)"(CH3)2    +  (CO)".Ba"02. 

Barium  acetute.  Acetone.  Barium 

carbonate. 
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Now,  on  comparing  these  several  rational  formulae,  it  will  be 
seen  that  they  are  all  included  under  the  constitutional  formula, 

H  0 

J.  II 
H — C — C — 0 — H, 

H 

in  which  the  molecule  is  resolved  into  its  component  atoms,  and 
these  atoms  are  grouped,  as  far  as  possible,  according  to  their  differ- 
ent equivalences,  or  combining  capacities.  These  constitutional 
formulae  are  the  nearest  approach  to  the  representation  of  the  true 
constitution  of  a  compound  that  our  knowledge  of  its  reactions 
enables  us  to  give ;  but  the  student  cannot  too  carefully  bear  in 
mind  that  they  are  not  intended  to  represent  the  actual  arrange- 
ment of  the  atoms  in  space,  but  only,  as  it  were,  their  relative 
mode  of  combination,  showing  which  atoms  are  combined  together 
directly,  and  which  only  indirectly,  that  is,  through  the  medium 
of  others.  Thus,  in  the  formula  of  acetic  acid,  it  is  seen  that  three 
of  the  hydrogen-atoms  are  united  directly  with  the  carbon,  while 
the  fourth  is  united  to  it  only  through  the  medium  of  oxygen ; 
that  one  of  the  two  oxygen-atoms  is  combined  with  carbon  alone,' 
the  other  both  with  carbon  and  with  hydrogen ;  and  that  one  of 
the  carbon-atoms  is  combined  with  the  other  carbon-atom  and 
with  hydrogen ;  the  second  with  carbon  and  with  oxygen.  Abun- 
dant illustration  of  these  principles  will  be  afforded  by  the  special 
descriptions  of  organic  compounds  in  the  following  pages. 

Isomerism. — Two  compounds  are  said  to  be  isomeric,  when 
they  have  the  same  empirical  formula  or  percentage  composition, 
but  exhibit  different  properties.  A  few  examples  of  isomerism  are 
met  with  amongst  inorganic  compounds ;  but  they  are  much  more 
numerous  amongst  organic  or  carbon  compounds. 
^  Isomeric  bodies  may  be  divided  into  two  principal  groups, 

A— Those  which  have  the  same  molecular  weight ;  and  these 
are  subdivided  into : 

*.  Isomeric  bodies,  strictly  so  called,  namely,  those  which 
exhibit  analogous  decompositions  and  transformations  when  heated, 
Or  subjected  to  the  action  of  the  same  reagents,  and  differ  only  in 
physical  properties.  Such  is  the  case  with  the  volatile  oils  of 
turpentine,  lemons,  juniper,  &c,  all  of  which  have  the  composition 
WU1B,  resemble  each  other  closely  in  their  chemical  reactions, 
and  are  distinguished  chiefly  by  their  odour  and  their  action  on 
polarised  light. 

(*■  Metameric  bodies,  which,  with  the  same  percentage  com 
Position  and  molecular  weight,  exhibit  dissimilar  transformations 
Under  similar  circumstances.     Thus  the   molecular  formula. 
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(J3H,j02,  represents  three  different  bodies,  all  exhibiting  different 
modes  of  decomposition  under  the  influence  of  caustic  alkalis, 
viz.,  (1)  Propionic  acid,  C3H50 .  OH,  which  is  converted  by  caustic 
potash,  at  ordinary  temperatures,  into  potassium  propionate, 
C3H6O.OK.— (2)  Methyl  acetate,  C2H3O.OCH3,  a  neutral  liquid 
not  acted  upon  by  potash  at  common  temperatures,  but  yielding, 
when  heated  with  it,  potassium  acetate  and  methyl  alcohol : 

C2H3O.OCH3  +  KOH  =  C2H3O.OK  +  CH3.OH. 

(3)  Ethyl  formate,  CHO.OC2H6,  converted  in  like  manner,  by 
heating  with  potash,  into  potassium  formate,  CHO.OK,  and 
ethyl  alcohol,  C2H5.OH. 

These  three  compounds  may  be  represented  by  the  following 
constitutional  formulae,  the  dotted  lines  marking  the  division  into 
radicals  indicated  by  the  rational  formulae  above  given : 


H3C 


H2C 


h3c  ;  h  ;  h 


o=i— O— CH3,    0=C—  O—  i— CH3. 
0=d— 0 — H,  •'  H 


Propionic  acid.  Methyl  acetate.  Ethyl  formate. 

B. — Compounds  which  have  the  same  percentage  composition, 
but  differ  in  molecular  weight ;  such  bodies  are  called  polymeric. 
The  most  striking  example  of  polymerism  is  exhibited  by  the 
hydrocarbons  C»H2n,  all  of  which  are  multiples  of  the  lowest, 
namely,  methene,  CH2.  Another  example  is  afforded  by  certain 
natural  volatile  oils,  which  are  polymeric  with  oil  of  turpentine, 
and  have  the  formulae,  C20H32,  C30H48,  &c.  All  polymeric  com- 
pounds exhibit  regular  gradations  of  boiling  point,  vapour-density, 
and  other  physical  characters,  from  the  lowest  to  the  highest. 
Some  are  chemically  isomeric,  exhibiting  analogous  transforma- 
tions under  similar  circumstances,  while  others  are  metameric, 
exhibiting  dissimilar  reactions  under  given  circumstances. 
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ORGANIC  BODIES  NOT  CONTAINING  NITROGEN  OR 
ITS  ANALOGUES. 


A.  Fatty  Group. 
HYDROCARBONS. 

First  Series,  CnH2n+2— Paraffins.* 
This  series,  as  already  observed,  consists  of  saturated  hydrocar- 
bons,  not  capable  of  uniting  with  any  other  bodies,  simple  or 
compound.  The  names  and  formulae  of  the  first  six  are  given  in 
the  table  on  page  535 ;  the  following  terms  may  be  called,  septane 
or  heptane,  octane,  nonane,  decane,  undecane,  dodecane,  &c. 

All  the  members  of  the  series  above  the  first,  CH4  may  be 
regarded  as  derived  from  that  compound  by  replacement  of  one  of 
the  hydrogen-atoms  by  a  univalent  hydrocarbon  radical  of  the 
series  CnH2n+i  (p.  536);  thus: 

Methane  CH4 
Ethane  C2HG 

Propane  C3Hg  =  C  f  °2§s  =  q  {  CH2CH3 

H, 


Quartane  C4H18  =  C  j  C<$  =  c  j  CH2C2H6  =  Q  j  CH2CH2CH3 

;c. 

Occurrence  and  Formation.— Many  of  the  paraffins  occur  ready- 
lormed  m  American  petroleum  and  other  mineral  oils  of  similar 
origin    They  are  formed  artificially  by  the  following  processes  ■ 

1.  -By  the  simultaneous  action  of  zinc  and  water 'on  the  alco- 
holic iodides  (p.  537),  compounds  derived  from  these  same  hydro- 
carbons by  the  substitution  of  one  atom  of  iodine  for  hydrogen 

this  reaction,  which  appears  to  be  applicable  to  the  formation 
•'Muation  Paraffins>  is  represented  by  the  general 

^it11  +  Z"2  +  2H2°  =  ZnHA  +  ZnI^  +  2C"H*n+* 
Iodide.  Paraffin. 

ethyl  iodide™'11'10'  ™  ""^  ^        formation  of  ethane  from 
^  2C2HfiI  +  Zn2  +  H20  =  ZnH202  +  Znl2  +  2C2H0 

Balm™1?  °fnia>  indicating  their  chemical  indifference.    The  name 

T;,  !on?  ,,een  °I'Pl'efl  to  the  solid  compounds  of  the  series,  on 
mSmV«i       oharacter;  and  many  of  the  liquid  compounds  of  the  same 
to  pi  ",  '  „T  co''imorcially  as  paraffin  oils.    It  is  convenient,  therefore, 
employ  the  terra  paraffin  as  a  generic  name  for  the  whole  series. 

2  M 
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2  All  the  paraffins  may  be  produced  by  heating  the  alcoholic 
iodides  with  zinc  alone.  Generally  speaking  however,  two  ot 
these  hydrocarbons  are  obtained  together,  the  first  product  ot  the 
reaction  being  a  paraffin  containing  twice  as  many  carbon-atoms 
as  the  alcoholic  iodide  employed;  and  this  compound  being  then 
partly  resolved  into  the  paraffin  containing  half  this  number  of 
carbon-atoms,  and  the  corresponding  define,  UH*  \  tmis : 


and 


2C2H5I 
Ethyl  iodide. 

C4H10 

Quartane. 


+    Zn    =  Znl 


+  C4H10 

Quartane. 

+  C2HB 
Ethene.  Ethane. 


C2H 


Generally : 

2CnH2n+lI    +  Zn 
and,  C2nH4n+2 


Znl2  +  C2nH4n+2 
CnH2n  +  CnH2n+2. 


3  By  the  electrolysis  of  the  fatty  acids  (CnH2n02).  For 
example,  a  solution  of  potassium  acetate,  divided  into  two  parts 
by  a  porous  diaphragm,  yields  pure  hydrogen,  together  with 
potash,  at  the  negative  electrode,  and  at  the  positive  electrode  (u 
of  platinum)  a  mixture  of  carbon  dioxide  and  ethane  gases : 

2C2H402    =    2C02    +    C2H6    +  H2. 
We  may  suppose  that  the  two  molecules  of  acetic  acid  are  resolved 
by  the  current  into  H2  and  C4HG04,  and  that  the  latter  then  splits 
up  into  2C02  and  C2H6.    The  general  reaction  is : 

2CnH2n02     =     2C02    +    C2n-2H4n-2  +  H2- 

4  Some  of  the  paraffins  are  obtained  from  acids  of  the  series 
C„H2n02  and  CnH2n-204,  by  the  action  of  alkalis  which _  abstract 
carbon  dioxide  from  those  acids,  the  hydrocarbon  thus  eliminated 
containing  one  or  two  atoms  of  carbon  less  than  the  acid  troni  wlncu 
it  is  produced.  In  this  manner  methane  (marsh  gas)  is  obtained 
by  heating  potassium  acetate  with  potassium  hydrate  (p.  1/8) : 

C2H30.2K    +    HKO    =    C03K2    +  CH4. 

Also  sextane  and  octane,  by  similar  treatment  of  the  potassium 
salts  of  suberic  acid,  C8H1404,  and  sebacic  acid,  C10H18O4 : 


C8H1204K2 

Suherate. 

G0H1GO4K2 

Sehate. 


+ 
+ 


2HKO  = 


2C03KS 


2HKO     =  2CO,K, 


+ 
+ 


C6H14 

Sextane. 

CSH1S 

Oelane. 


Generally  speaking,  however,  a  further  decomposition  takes  place. 
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resulting  in  the  formation  of  hydrocarbons  containing  a  smaller 
proportion  of  hydrogen  than  the  paraffins. 

5.  The  paraffins  may  also  he  produced  from  the  olefines  C  H„ 
by  combining  the  latter  with  bromine,  and  heating  the  resulting 
compound,  C„H3nBr2,  with  a  mixture  of  potassium  iodide,  water" 
and  metallic  copper.  The  bromine-compound  is  then  decomposed' 
and  the  hydrocarbon,  C„H2n,  is  partly  reproduced  in  the  free  state' 
partly  converted  by  the  addition  of  hydrogen,  into  a  paraffin.  ' 

6.  Several  of  the  paraffins  are  produced  by  the  dry  or  destructive 
distillation  of  butyrates  and  acetates. 

7.  They  are  also  found  amongst  the  products  of  the  dry  dis- 
tillation of  coal,  especiaUy  Boghead  and  Cannel  coal,  and,  as 
already  observed,  they  constitute  the  principal  portion  of  many 
mineral  oils,  called  petroleum,  naphtha,  or  rock-oil,  formed  by  the 
gradual  decay  or  decomposition  of  vegetable  matter  beneath  the 
earths  surface.  By  far  the  largest  quantities  of  these  oils  are 
obtained  from  Canada,  Pennsylvania,  and  other  parts  of  North 
America  Abundant  petroleum  springs  exist,  also,  on  the  north- 
west of  the  Caspian  Sea,  near  Baku,  at  Bangoon  in  Burmah,  and 
m  various  parts  of  Italy.  The  American  petroleum  consists 
almost  wholly  of  paraffins.  Burmese  tar  contains,  also,  small 
quantities  of  hydrocarbons  belonging  to  other  series,  especially 
homologues  of  benzene. 

8.  Quintyl  alcohol,  or  amyl  alcohol,  C6H190,  distilled  with  zinc 
chloride,  yields  epiintane,  C5H12,  and  several  of  its  homologues, 
together  with  ole  fines  and  other  hydrocarbons  containing  still 
smaller  proportions  of  hydrogen. 

9.  Methane  or  marsh  gas,  CH4,  the  first  term  of  the  series,  is 
produced  synthetically  by  passing  a  mixture  of  hydrogen  sulphide 
and  vapour  of  carbon  bisulphide  over  red-hot  copper.  The  copper 
abstracts  the  sulphur  from  both  compounds,  and  the  carbon  and 
hydrogen  thus  liberated  unite  to  form  marsh  gas  • 


CS 


+    2H2S    +    Cu„    =    4CuS    +  CH4. 


Properties  and  Reactions  of  the  Paraffins.— The  properties  of 
methane  have  been  already  described  (p.  178).  Of  the  other 
paramns,  ethane,  propane,  and  quartane*  are  gaseous  at  ordinary 
temperatures  ;  most  of  the  others  are  liquids  regularly  increasing 
m  specific  gravity,  viscidity,  boiling  point,  and  vapour-density,  as 
uieir  molecular  weight  becomes  greater:  those  containing  20  carbon 
atoms  or  more  are  crystalline  solids.  The  following  table  exhibits 
tne  specific  gravities  and  boiling  points  of  the  paraffins  obtained 
irom  American  petroleum :— 
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Name. 


Ethane 

Propane  . 
Quartane  . 
Quintane  . 
Sextane 
Septane 
Octane 
Nonane  . 
Decane 
Undecane 
Duodecane 
Tridecane  . 
Quatuor- 
decane . 
Quindecane 


Formula. 


C2H6 

C3Ha 

C4H10 

C6H12 

C9H20 

CioH22 

CnH24 

Ci2H26 

C13H28 

Ci4Hao 


Specific  gravity 



Boiling-point. 

of  liquid. 

of  vapours, 
hydrogen  =  1. 

Gaseous  at  ordi- 
nary tempera- 
tures. 

1  : 

15 

22 

> > 

a  little  above  0° 
30° 
68° 
92—  94° 
116—118° 

1  OR        1  QQ° 

1 00 — loo 

160—162° 

180—184° 

196—200° 

216—218° 

0*60   at  0° 
0-628  ,,  17° 
0-669  ,,  16° 

0-726  „  15° 
0-741  „  15° 
0-757,,  15° 
0-765  „  16° 
0-776  „  20° 
0-792  20° 

29 
36 
43 
50 
57 
64 
71 
78 
85 
92 

236—240° 

99 

255—260° 

100 

American  petroleum  likewise  yields  a  quantity  ol  liquid  boiling 
above  300°,  and  doubtless  containing  paraffins  of  stall  higher 
order  Some  specimens  of  the  crude  oil,  as  it  issues  from  the 
ground,  contain  ethane,  C2H6,  and  propane,  C.H.,  which  are  given 
off  from  it  as  gas  at  ordinary  temperatures.  In  boring  for  oil  alsd 
large  quantities  of  gas  escape,  exhibiting  the  characters  ol  methane; 
hence  it  is  probable  that  iu  the  great  geological  changes  which 
have  given  rise  to  the  separation  of  the  petroleum,  the  whole 
series  of  paraffins  have  been  formed  from  marsh  gas  upwards. 

Solid  paraffin  is  a  colourless  crystalline  fatty  substance,  probably 
consisting  of  a  mixture  of  several  of  the  higher  members  ot  the 
series  CnH9n+2.  When  heated  for  some  time  in  a  sealed  tube,  H 
is  resolved,  with  little  or  no  evolution  of  gas,  into  a  mixture  ol 
(defines  and  paraffins  of  lower  molecular  weight,  which  remain 
liquid  at  ordinary  temperatures.  This  transformation  is  easih 
understood;  the  hydrocarbon,  C20!L2,  for  example,  might  be 
resolved  into  C5H12  +  C^rL,,,  or  C6H„  +  or  C  7H1G  + 

C13H2G,  &c,  the  general  equation  of  the  decomposition  being, 

CnH2n+2     =     Cn-pH2(n-p)+2     +  CpHsp. 
Paraffin.  Paraffin.  define. 

The  product  actually  obtained  is  a  mixture  of  several  paraffins 
and  several  olefines.* 

*  Thorpe  and  Young.  Berichte  der  Deutschen  Chemischen  Gessel- 
schaft.  1872,  536. 
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Paraffin  is  found  native  in  the  coal-measures,  and  other  bitu- 
minous strata,  constituting  the  minerals  known  as  fossil  wax, 
ozoct  rite,  hatchettin,  &c.    It  exists  also  in  the  state  of  solution 
in  many  kinds  of  petroleum,  and  may  he  separated  by  distilling 
off  the  more  volatile  portions,  and  exposing  the  remainder  to  a 
low  temperature.    In  a  similar  manner  also  may  solid  paraffin  he 
obtained  from  the  tar  of  wood,  coal,  and  bituminous  shale.  It 
was  first  prepared  by  Eeichenbach  from  wood-tar.    It  is  tasteless 
ami  inodorous,  insoluble  in  water,  slightly  soluble  in  alcohol, 
freely  in  ether,  and  miscible  in  all  proportions,  when  melted,  with 
fixed  or  volatile  oils.    It  burns  with  a  very  bright  flame,  and  those 
varieties  of  it  which  melt  at  temperatures  above  45°  C.  (113°  F.) 
are  very  hard,  and  well  adapted  for  making  candles.  Paraffin 
is  largely  used  also  as  a  substitute  for  sulphur  for  dipping 
matches ;  and  Dr  Stenhouse  has  patented  its  application  to 
woollen  cloths,  to  increase  their  strength  and  make  them  water- 
proof.   More  extensive,  however,  are  the  uses  of  the  liquid  com- 
pounds of  the  paraffin  series,  known  in  commerce  as  paraffin  oil, 
photogene,  solar  oil,  eupione,  &c.    These  oils  are  largely  used  for 
burning  in  lamps ;  and,  when  mixed  with  fatty  oils,  such  as  rape 
and  cotton-seed  oils,  form  excellent  materials  for  lubricating 
machinery.    For  the  former  purpose  they  are  exceedingly  well 
adapted,  as,  with  a  proper  supply  of  air,  they  give  a  much  brighter 
light  than  that  obtained  from  fatty  oils  containing  oxygen,  and 
are  much  cleaner  in  use. 

It  is  necessaiy  to  observe,  however,  that  natural  petroleum  and 
the  oils  obtained  by  the  dry  distillation  of  coal,  &c,  at  low  tem- 
peratures, are  mixtures  of  a  great  number  of  paraffins  differing 
greatly  in  volatility,  and  that  to  render  them  safe  for  burning  in 
lamps  of  ordinary  construction,  they  must  be  freed  by  distillation 
from  the  more  volatile  members  of  the  series;  otherwise  they  will 
take,  fire  too  easily,  and  when  they  become  heated,  will  give  off 
highly  inflammable  vapours,  which,  mixing  with  the  air  in  the 
body  of  the  lamp,  may  easily  produce  dangerously  explosive  mix- 
hires;  serious  accidents  have  indeed  arisen  from  this  cause.  It 
has  been  found  by  experience  that  it  is  not  safe  to  use  paraffin  oil 
which  will  take  fire  on  the  application  of  a  match  and  burn  con- 
tinuously, at  a  temperature  below  100°  F. 

Substitution-products  of  the  Paraffins.— Paraffins  subjected  to  the 
action  of  bromine  or  chlorine,  give  up  a  part,  or  in  some  cases  the 
whole  nl  their  hydrogen  in  exchange  for  the  halogen  element, 
[hus  equal  volumes  of  chlorine  and  methane,  Old,,  exposed  to 
amused  daylight,  yield  the  compound  CH3C1,  called  chloro- 
methane  or  methyl  chloride;  and,  by  further  subjecting  this  produd 

""'  action  of  an  excess  of  chlorine  in  direct  sunshine,  it  may  he 
successively  converted  into  the  more  highly  chlorinated  com- 
pounds CH2C12,  CHC13,  CC14.  Ethane,  CLIL,  also  yields,  by  a 
series  ol  processes  to  be  hereafter  described,  the  substitution-pro- 
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ducts  C,H,C1,  C2H4C12,  CH3CI3,  C2H2C14,  C2HC13,  andC2Ci0;  and 
similarly  for  the  other  compounds  of  the  series.  These  bodies, 
which  may  he  regarded  as  compounds  of  chlorine  and  other  halo- 
gen elements  with  the  radicals  (CH3)',  (CH2)",  (CH)'",  &c,  are 
called  haloid  ethers;  the  more  important  of  them  will  he 
specially  described  in  connection  with  the  corresponding  alcohols. 
When  treated  with  water  or  aqueous  alkalis,  they  exchange  the 
haloid  element  for  an  equivalent  quantity  of  hydroxyl,  (HO), 
thereby  producing  alcohols  (p.  537);  and,  on  the  other  hand,  they 
may  he  formed  from  the  alcohols  by  the  action  of  the  chlorides, 
bromides,  and  iodides  of  hydrogen  or  phosphorus. 

Nitric  acid  attacks  the  higher  members  of  the  paraffin  series, 
forming  nitro-compounds ;  octane,  C8H18,  thus  treated,  yields 
the  compound,  C8Hl7(N02).  The  lower  paraffins,  on  the  other 
hand,  are  not  affected  in  the  slightest  degree  by  nitric  acid ;  but 
by  indirect  means  compounds  may  be  formed,  having  the  com- 
position of  paraffins  in  which  the  hydrogen  is  more  or  less 
replaced  by  nitryl;  for  example,  trinitromethane  or  nitroform, 
CH(N02)3. 

Isomerism  in  the  Paraffin  series. — It  has  already  been  mentioned 
that  these  hydrocarbons'  are  sometimes  regarded  as  hydrides  of  the 
univalent  alcohol-radicals  CnBbn+i,— methane,  for  example,  as 
methyl-hydride,  H.CH3,  ethane  as  ethyl  hydride,  H.C2H3.  This 
view  of  their  constitution  is  suggested  by  their  formation  by  the 
action  of  water  on  the  zinc-compounds  of  the  same  radicals  ;  e.g. : 

Zn(CH3)2  +  2H20  =  ZnH202  +  2(H.CH3)  ; 

Zinc  methyl.  Methyl  hydride. 

and  by  the  facility  with  which  they  give  up  one  atom  of  hydrogen 
in  exchange  for  chlorine  and  bromine,  whereas  the  replacement  of 
the  remaining  hydrogen-atoms  is  much  more  difficult.  On  the 
other  hand,  all  these  hydrocarbons,  except  methane,  may  he 
regarded  as  compounds  of  two  half-molecules  of  alcohol-radicals, 
CnHsn  +  i,  thus  : 

C2HG    =    H.C2H,    or  CH3.CH3 

Ethane.        Ethyl  hydride.  Dimethyl. 

C3HS    =    H.C3H7    or    CH3  .C,H5 

Propane.       Propyl  hydride.  Methyl-ethyl. 

C4H10    =     H.C4H9    or    C2H5.C2H-    or  CH3.C3H7 

Quartane.  Diethyl.  *g£ 

This  latter  view  appears  to  accord  with  their  formation  by  the 
action  of  zinc  on  the  iodides  of  the  alcohol-radicals,  which  is 
similar  to  that  of  hydrogen  by  the  action  of  zinc  on  hydriodic 
acid ;  thus : 
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Zn    -f    2HI    =    Znl2    +  HH 
Zn    +    2C2H.l    =    Znl3    +  02H6.C2HB, 
Zn    +    CH3I    +    C2H.I    =    Znl2    +  OH3.02H6. 

The  first  three  hydrocarbons  of  the  series,  however,  viz.,  CH4 
C2H,j,  C3H8,  exhibit  exactly  the  same  physical  and  chemical 
properties  in  whatever  way  they  may  be  prepared;  and  indeed 


the  constitutional  formulae  of  these  bodies,  viz, 


CH, 


CH3 


CH4  |  CH 


CH3 


2 


CH3 

show  that  they  are  not  susceptible  of  isomeric  modifications,  inas- 
much as  there  is  but  one  way  in  which  the  carbon-atoms  in  either 
of  them  can  be  grouped ;  in  ethane  each  carbon-atom  is  directly 
combined  with  three  hydrogen-atoms  and  the  other  carbon-atom  ; 
and  whether  we  regard  it  as  ethyl  hydride,  H — CH2CH3,  or  as 
dimethyl,  H3C — CH3,  this  arrangement  remains  the  same.  In 
propane,  C;jH8,  each  carbon-atom  is  directly  combined  with  at 
most  two  other  carbon-atoms,  and  there  is  no  other  way  in  which 
the  atoms  can  be  arranged. 

But  if  we  look  at  the  formula  of  the  4-carbon  paraffin,  C4H10, 
We  see  that  it  may  be  written  in  either  of  the  following  forms  : 

CH>  HoC  CHo 

L  v 

*p£2  CH 

f11*  Ah, 

CH3 

in  the  first  of  which,  neither  of  the  carbon  atoms  is  directly  united 
with  more  than  two  others ;  whereas,  in  the  second,  one  of  the  car- 
bon-atoms is  directly  combined  with  three  others.    The  first  may 

he  represented,  either  as  propyl-methane,  C  j  CH2CH2CH3  _ 
CH2G2H-  _  q  |  ^jH^  or  as  diethyl,  H5C2.C2H5,  according  to 
the  manner  in  which  we  may  suppose  it  to  be  divided;  the 
second   as  trimethyl-methanc,  C  I  or  aa  isopropyl-methane, 

'  j  H  '       ra(lieal  CH(CH3)2  being  called  isopropyl,  to 

distinguish  it  from  normal  propyl,  CH2(C2Hfi). 

Prom  recent  observations*  it  appears  thai,  sill  hydrocarbons  of 
*  Sohorlemmer,  Proceedings  of  the  Roy;il  Society,  xvi.  34.  367. 
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known  structure  may  be  divided  into  four  groups,  viz.  :  1.  Those 
in  which  each  carbon-atom  is  directly  associated  with  at  most  two 
other  carbon-atoms.  2.  Those  in  which  one  carbon-atom  is  as si  - 
ciated  with  three  carbon-atoms,  or  which  contain  the  group  iso- 
propyl  once.    3.  Those  which  contain  this  group  twice,  such  as 

di-isopropyl,  or  tetramethylethane,  C0H14  =  C2  j  jj^qjj'^2  pro- 
duced by  the  action  of  zinc  on  isopropyl  iodide  ;  this  compound 
may  be  represented  by  the  constitutional  formula  : 

H3CX  H    H  /CH3 

>°-c<\ 

H,C  NCH,. 

4.  Those  in  which  one  carbon-atom  is  associated  with  four 
others,  as  in  dimethyl-diethyl-methane,  or  carbodimethyl-diethyl. 

C  \  i9^xr\  ,  a  compound  produced  by  the  action  of  zinc-ethyl, 

Zn(C2H5)2,  on  cumethyl-dichloromethane,  C  j  ^^"3^2,  the  transfor- 
mation being  effected  by  the  substitution  of  2  atoms  of  ethyl  for 
2  atoms  of  chlorine  : 

Dimethyl-dicliloro-metliane.  Dimethvl-diethyl-methane. 

CH3  CH3 
CI— C — CI  H3CH2C— i— CH2CH3 

CH3  CH3 

The  paraffins  of  each  of  these  groups  exhibit  a  regular  increase 
in  boiling  point  as  they  ascend  in  the  series  by  successive  addition 
of  CH2,  and  the  boiling  point  of  a  paraffin  containing  a  given 
number  of  carbon-atoms,  is  found  to  be  lower  in  proportion  as  its 
structure  is  more  complex.  In  the  first  and  second  group?  the 
difference  of  boiling  point,  for  each  increment  of  CH2,  is  about  31°, 
whereas  in  the  third  it  is  only  25°. 


Second  Series,  CnH2n. — Olefines. 

The  hydrocarbons  of  this  series  are  polymeric,  as  well  as  homo- 
logous with  one  another,  inasmuch  as  their  formulae  are  all  exact 
multiples  of  that  of  the  lowest,  CH2.  The  lower  members  of  the 
series  are  gaseous  at  ordinary  temperatures,  the  higher  members 
are  solid,  and  the  intermediate  compounds,  liquid.  The  names 
and  formula)  of  the  known  members  of  the  olefine  series  are 
given  in  the  following  table,  together  with  their  melting  and 
boiling  points : 


t 
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N;ime. 


Ethene  or 

Propene  ,, 

Quartene  „ 

Quintene  ,, 

Sextene  ,, 

Septene  ,, 

Octene  ,, 

Nonene  ,, 

Decene  ,, 

Sexdeeene  ,, 
Septivigintene  ,, 
Trigintene 


Ethylene 
Propylene  . 
Butylene 
Amylene 
Hexylene  . 
Heptylene  . 
Octylene 
Nonylene  . 
Paramylene . 
Cetene 
.Cerotene 
Melene 


Formula. 


C„H4 
C3H6 
C4H8 

C7H14 


Melting 
point. 


Boiling 
point. 


57° 
62° 


—17-8° 
+  3° 
35° 

68-70° 

95° 
115-117° 
140° 
160° 
275° 
(?) 

375°(?) 


Methene,  CH2,  the  lowest  term  of  the  series,  does  not  appear  to 
be  capable  of  existing  in  the  separate  state ;  but  its  oxygen  ana- 
logue, carbon  monoxide,  or  carbonyl,  CO,  is  a  well  known  com- 
pound, which  has  been  already  described  (p.  163). 

Formation  of  the  Olefines.—l.  By  abstraction  of  the  elements  of 
water  from  the  alcohols  of  the  series  CnH2n+20,  homologous  with 
common  alcohol,  under  the  influence  of  powerful  dehydrating 
agents,  such  as  oil  of  vitriol,  phosphoric  oxide,  or  zinc  chloride"; 
thus : 

C2H60  H20       =  C2H4 

Ethyl  alcohol.  Water,  Ethene. 

The  preparation  of  ethene,  or  olefiant  gas,  by  heating  common 
alcohol  with  oil  of  vitriol,  has  been  already  described  (p.  165). 
Qiuntyl,  or  amyl  alcohol,  C6H120,  distilled  with  zinc  chloride, 
yields— besides  the  corresponding  define,  quintene  or  amylene, 
rsS10_a  numlier  of  othera  polymeric  with  it ;  besides  quintane, 
tsH12,  and  its  homologues,  and  hydrocarbons  containing  a  smaller 
proportion  of  hydrogen  than  the  olefines. 

2.  By  passing  the  vapours  of  the  haloid  compounds  of  the 
monad  radicals,  CnH2n+i,  over  lime  at  a  dull  red  heat ;  e.g. : 


2C5HUC1    +    CaO    =    CaCl2  + 


Quintyl 
chloride. 


H20 


+ 


2C6HI(, 

Quintene. 


By  the  decomposition  of  the  paraffins  at  the  moment  of  their 
tonnation  by  the  action  of  zinc  or  sodium  on  the  alcoholic  iodides 
«  the  Ino„ad  alcohol-radicals  CnH2n+i  (see  p.  546). 

,.4:  By  action  of  the  same  iodides  on  the  sodium-compounds 
01  the  same  radicals ;  for  example  : 

CW    +    02HgNa    =    Nal    +    C2II,,    +  C2H0 

,E'J,y]  Sodium  Sodium  Ethene.  Ethane, 

to'lxle.  ethyl.  iodide. 
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5.  By  decomposition  of  the  hydrates  of  ammonium  bases  con- 
taining four  atoms  of  a  monad  alcohol-radical  (p.  540),  these  com- 
pounds when  heated  splitting  up  into  a  tertiary  monamine  (p.  539) 
and  an  olefme ;  thus : 

N(C2H5)4(HO)    =    N(C2H5)3    +    H20    +  C2H. 

Tetrethylammo-  Trietliyl-  Water.  Ethene. 

nium  hydrate  amine. 

6.  Olefmes  are  formed  by  the  decomposition  of  acetates  and 
butyrates  at  a  red  heat,  distilling  over  together  with  several  other 
products,  from  which  they  are  separated  by  combining  them  with 
bromine,  and  heating  the  resulting  bromine-compounds,  CnH2nBr2, 
to  275°  with  copper,  water,  and  potassium  iodide.  In  this  manner 
Berthelot  has  obtained  ethene,  propene,  quartene,  and  quintene. 

7.  Several  of  the  defines  may  be  produced  by  direct  synthesis 
from  other  hydrocarbons  of  simpler  constitution. 

a.  Ethene  is  formed  by  the  action  of  nascent  hydrogen  upon 
ethine  or  acetylene  (p.  559) : 

C2H2    +    H2    =  C2H4. 

(i.  Propene,  C3H6,  is  formed  by  passing  a  mixture  of  methane 
and  carbon  monoxide  (oxymethene)  through  a  red-hot  tube: 

2CH4      +      CO  H20      +  C3Hfi. 

Also  by  the  action  of  methenyl  chloride  (chloroform)  on  zinc 
ethide  : 

2CHC13  +  3Zn(C2H5)2  =  3ZnCl2  +  4C3H6  +  2CH4. 

y.  Quintene,  or  amylene,  C5H10,  or  a  compound  isomeric  with 
it,  is  formed  by  the  action  of  zinc  ethide  on  propenyl  (allyl)  iodide ; 

2C3H5I    +    Zn(C2H6)2    =    Znl2    +  2C5H10. 

<>.  Sextene,  or  hexylene,  CGH19,  is  obtained  in  combination  with 
hydriodic  acid  by  the  action  of  that  acid  on  mannite,  C6H1408, 
which  is  a  sugar  having  the  composition  of  a  hexatomic  alcohol : 

C6H8(HO)0   +   11  HI   =   6H20   +    5I2    +   C6H12.HI ; 

and  this  hydriodide,  heated  with  potassium  hydrate,  yields  the 
hydrocarbon : 

C0H12.HI    +    KHO    =    KI    +    H20    +  06H1£. 

s.  Quartene,  or  butylene,  C4H8,  is  obtained  by  precisely  similar 
reactions  from  erythrite,  which  is  also  a  saccharine  substance 
having  the  composition  of  a  tetratomic  alcohol,  C4HB(HO)4. 

Reactions. — 1.  The  defines  are  dyad  radicals,  uniting  with  2 
atoms  of  chlorine,  bromine,  &c,  and  with  one  atom  of  oxygen. 

2.  The  chlorides,  bromides,  and  other  haloid  compounds  of  the 
olefiues,  treated  with  an  alcoholic  solution  of  potash,  give  up  one 
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atom  of  hydrogen  and  one  atom  of  the  haloid  element,  yielding 
an  olefme  in  which  one  atom  of  hydrogen  is  replaced  by  chlorine, 
bromine,  &c,  together  with  water  and  a  haloid  salt  of  potassium ; 
thus : 

C2H4Br2    +    KHO    =    KBr  +   H20   +  C2H3Br 

Etliene  bromide.  Bromethene. 

The  resulting  chlorinated,  brominated,  or  iodated  compound 
ran,  in  its  turn,  take  up  2  atoms  of  chlorine,  bromine,  or  iodine, 
forming  a  body  which  can  likewise  give  up  hydrochloric,  hyclro- 
bn  imic,  or  hydriodic  acid,  under  the  influence  of  alcoholic  potash ; 
the  body  thus  formed  can  again  take  up  2  atoms  of  chlorine,  bromine, 
or  iodine  ;  then  give  up  HC1,  HBr,  or  HI ;  and  thus,  by  a  series 
nf  perfectly  similar  reactions,  we  at  length  arrive  at  bodies  con- 
sisting of  the  primitive  define  with  all  its  hydrogen  replaced  by 
chlorine,  bromine,  or  iodine,  and  the  dichlorides,  dibromides,  and 
di-iodides  of  these  last-mentioned  bodies  :  thus,  from  ethene  may 
be  derived  the  two  following  series  of  brominated.  compounds  : 


Ethene     ....  C2H4 
Bromethene  .    .    .  C2H3Br 
Dibromethene    .    .  C2H2Br2 
Tribroraethene   .    .  C2HBr3"' 
Tetrabromethene    .  C„Br. 


Ethene  bromide  .    .    .  C2H4Br2 
Bromethene  bromide     .  C2H3Br'.Br2 
Dibromethene  bromide  .  C2H2Br2.  Br„ 
Tribroraethene  bromide    C2HBr3  .  Br., 
Tetrabromethene  bromide  C2Br4    .  Br2 


These  compounds  will  be  more  particularly  described  in  connec- 
tion with  the  corresponding  alcohols. 

3.  A  monochlorinated  or  monobrominated  olefine  may  give  up 
the  atom  of  chlorine  or  bromine  which  it  contains,  in  the  form 
of  hydrochloric  or  hydrobromic  acid,  whereby  it  is  reduced  to 
a  hydrocarbon  of  the  following  series,  CnEbn— 2-  This  reaction 
may  take  place  at  130°— 150°,  under  the  influence  of  alcoholic 
potash,  or,  better,  of  sodium  ethylate  (obtained  by  dissolvmg 
sodium  in  anhydrous  alcohol)  ;  thus  : 

C.2H3Br  +  C2HsNaO   =  NaBr  +  C2H5(HO)  +  C2H2 

Bromethene.  Sodium  Sodium  Ethyl  Ethine. 

ethylute.  bromide.  alcohol. 

4.  Ethene  bromide  and  its  homologues,  treated  with  silver 
•I'  l  l ate  or  potassium  acetate,  exchange  their  bromine  for  an 
equivalent  quantity  of  the  halogenic  residue  of  the  acetate, 
C2HS02  (p.  541),  giving  rise  to  diatomic  acetic  ethers  ;  thus  : 

(C2H4)"Br2  +  2C2H302K  =  2KBr  -f  (C2H4)"(C2H302)2 ; 
Ethene  Potassium  Potassium  Ethene 

bromide.  acetate.  bromide.  diacotate, 

•md  these  ethers,  distilled  with  a  caustic  alkali,  yield  diatomic 
alcohols  or  glycols  ;  for  example  : 

(C2H4)"(C2H302)2  +  2KHO  =  2C2H,02K  +  (C2H„)"(OH)2 

Ethene  Potassl 
ftiiicctnte.  ncetnte.  alcohol. 
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5.  The  bromides,  C,,H2nBr2,  heated  to  275°  with  a  mixture  of 
potassium  iodide,  copper,  and  water,  give  up  their  bromine  and 
reproduce  the  original  olefine,  together  with  other  hydrocarbons 
(p.  547). 

6.  Some  olefines,  when  briskly  shaken  up  with  strong  sulphuric 
acid,  unite  with  it,  forming  acid  ethers  of  sulphuric  acid,  which 
contain  the  monotomic  alcoholic  radicals  coiTesponding  to  the 
olefines  ;  thus  : 

C2H4     +     H2S04     =  C2H6.HS04 

Ethene.  Sulphuric  acid.         Etliyl-sulphuric  acid. 

and  these  acid  ethers  distilled  with  water  reproduce  sulphuric 
acid,  and  the  monatomic  alcohol  corresponding  to  the  olefine  : 

C2H5.HS04    +    H(OH)    =    H2S04    +  C2H5(OH) 

Ethyl-sulphuric  acid,  Water.  Ethyl  alcohol. 

With  fuming  sulphuric  acid  (which  contains  sulphuric  oxide  in 
solution)  the  olefines  yield  sulpho-acids  which  are  isomeric  with 
the  preceding,  but  are  not  decomposed  by  water,  with  formation 
of  an  alcohol. 

7.  Olefines  unite  with  hydrochloric,  hydrobromic,  and  hydriodic 
acids ;  and  the  resulting  compounds  treated  with  silver  oxide  in 
presence  of  water,  give  rise  to  two  different  reactions  which  go  on 
simultaneously,  one  part  of  the  compound  exchanging  its  halogen 
element  for  hydroxyl,  and  thereby  producing  an  alcohol,  while 
another  portion  gives  up  hydrochloric,  hydrobromic,  or  hydriodic 
acid,  reproducing  the  original  olefine  : 

2(C6H12.HI)   +  Ag20   +   H20   =   2AgI   +  2C6H140 

Hexylene  Hexyl 
hydriodide.  alcohol. 

2(C6H12.HI)   +   Ag20   =   2AgI   +   H20   +  2CeH12 

Hexylene  hydriodide.  Hexylene. 

The  greater  number  of  the  olefines  are  not  of  sufficient  im- 
portance to  require  special  description  in  this  work.  Ethene  has 
been  already  described  (p.  165).  Quintene,  or  amylene,  and  a 
i'ew  others  will  be  noticed  in  connection  with  the  corresponding 
alcohols. 

Isomerism  in  the  Olefine  series. — The  olefines  may  exist  as  satur- 
ated hydrocarbons,  or  as  bivalent  radicals,  according  to  the  man- 
ner in  which  their  carbon-atoms  are  linked  together.  Ethene.  for 
example,  exhibits  the  two  modifications  represented  below : 

CH2  CH, 


CH2 

Saturated.  Bivalent. 
In  the  free  state  it  has  probably  the  constitution  represented  by 
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the  first  formula :  but  when  it  is  subjected  to  the  influence  of 
powerful  reagents,  such  as  chlorine,  bromine,  &c,  the  connection 
between  the  carbon- atoms  appears  to  be  loosened,  so  that  these 
two  atoms  become  united  by  only  one  unit  of  affinity,  and  the 
molecule  becomes  bivalent,  as  represented  in  the  second  formula. 
This  loosening  of  the  bonds  of  connection  between  carbon-atoms 
is  likewise  exhibited  by  bodies  belonging  to  other  groups  as  we 
shall  see  hereafter.  The  olefines  exhibit  also,  in  some  of  their 
compounds,  a  different  kind  of  isomerism  which  does  not  affect 
their  equivalent  value. 

«.  The  dichlorides  of  the  olefines  are  isomeric  with  the  mono- 
chlorinated  chlorides  of  the  monad  alcohol-radicals,  CnH2n+i ;  for 
example : 

CH2C1  CH3 

is  isomeric  with 
CH2C1  CHC12 

Ethene  Monochlorinated 
dichloride.  ethyl  chloride. 

Both  these  compounds,  when  treated  with  alcoholic  potash  yield 
the  same  product,  namely,  vinyl  chloride,  C2H3C1;  but  they  differ 
m  boding  point,  the  first  boiling  at  85°,  the  second  at  64°. 

A  The  oxides  of  the  olefines  are  isomeric  with  the  corresponding 
aldehydes,  and  with  the  alcohols  of  the  series  CnH2n-iOH 


CH2  CH3  CH2 


•CH2  0=C-H  CHOH 

Ethene  oxide.  Acetic  aldehyde.  Vinyl  alcohol. 

The  dyad  radical,  called  ethidene,  or  ethylidene,  which  may  be 
supposed  to  exist  in  aldehyde  and  in  monochlorinated  ethyl 
chloride,  has  not  been  isolated :  it  probably  differs  from  ethene  in 
the  manner  shown  by  the  following  formulas : 

CH2  CH3 
II  |  3 

CH2  — GH 

Ethene.  Ethiuenc. 

In  the  higher  members  of  the  series,  the  double  linking  0f  the 
carbon-atoms  may  take  place  in  different  parts  of  the  chain  :  thus 
quartene  or  butylene,  C4H8,  may  exhibit  the  two  modifications 

CH,-CH2-CH-CH2  CH,-CH=CH-CH3 

□le  number  of  isomerides  actually  known,  is  not  however  large, 
■in.  in  most  of  these,  the  carbon-atoms  which  are  linked  together 

oytwo  combining  units,  are.  situated  at  tl  nd  (-1'  the  chain. 

i  ney  may  therefore  be  considered  as  derived  from  ethene  by  sub- 
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stitution  of  a  monad  alcohol-radical,  for  one,  two,  or  more  atoms 
of  hydrogen,  thus 

CH2  CH2(CH3)  CH(C2H3)  C(CH3)2 

CH2  CH2  CH2  CH2 

Ethylene.         Propylene.  Butylene.  Isobutylene. 


Third  Series,  CuII.)n_2. 

Of  these  hydrocarbons  five  only  have  as  yet  been  prepared,  viz. : 

Ethine  or  Acetylene,  C2H2 

Propine  „  Allylene,  C3H4 

Quartine  „  Crotonylene,  C4HG 

Quintine  „  Valerylene,  C5H8 

Sextine  „  Diallyl,  C6H10. 

The  only  general  method  of  preparing  these  bodies  consists  in 
heating  the  monobrominated  derivatives  of  the  olefines, 
CnH2n-iBr,  with  sodium  ethylate  to  130°— 150° : 

CnHan-iBr  +  C2H6NaO  =  NaBr  +  C2H5(HO)  +  CnH2n-2 

Sodium  Ethyl  alcohol, 

ethylate. 

Ethine  and  propine,  which  are  gaseous  at  ordinary  temperatures, 
are  separated  from  the  alcohol  vapour  with  which  they  are  mixed, 
by  passing  the  gas  into  an  ammoniacal  solution  of  cuprous 
chloride,  whereby  an  explosive  compound  is  precipitated,  con- 
taining copper,  carbon,  hydrogen,  and  oxygen ;  and  this  precipi- 
tate, treated  with  hydrochloric  acid,  yields  the  hydrocarbon  in 
the  pure  state. 

The  other  hydrocarbons  of  the  series,  which  are  liquid,  do  not 
form  any  precipitate  with  ammoniacal  cuprous  chloride;  but 
they  may  be  separated  from  excess  of  alcohol  by  addition  of  water, 
and  further  purified  by  distillation. 

The  hydrocarbons  of  this  series  in  the  free  state  have  two  oi 
their  carbon-atoms  united  by  three  units  of  affinity :  thus 

C_H  C-CH3  C-CH2CH3 

III  III  PI     xx  ; 

C— H  C— CH  C— H 

Ethine.  Propine.  Quartine. 

But  when  they  are  subjected  to  the  action  of  chlorine,  hydrochloric 
acid,  and  other  powerful  reagents — the  connection  between  these 
carbon-atoms  becomes  loosened,  as  in  the  case  of  the  olefiin 
that  the  molecule  which  was  previously  saturated  becomes  bivalent 
or  quadrivalent:  thus  in  the  case  of  ethine  : 
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C-H  -C-H  -C-H 

HI  II  | 

C-H  — O— H  -C-H 

Saturated.  Bivalent.  Quadrivalent. 

Wlien  agitated  with  hydrobrornic  or  hydriodic  acid,  they  take 
up  one  or  two  molecules  of  these  acids.  The  dihydrobroruides 
and  dihydiiodides  thus  produced  have  the  same  composition  as 
the  dibromides  of  the  defines ;  thus : 

CnH2„_2.2HBr    =  C„H2„Br2. 
The  two  classes  of  bodies  are,  however,  isomeric,  not  identical. 

Ethine,  or  Acetylene,  C2H2.— This  hydrocarbon  is  one  of 
the  constituents  of  coal  gas.  It  is  produced :  1.  By  synthesis  from 
its  elements.  When  an  electric  arc  from  a  powerful  voltaic 
battery  passes  between  carbon  poles  in  an  atmosphere  of  hydro- 
gen, the  carbon  and  hydrogen  unite  in  the  proportion  to  form 
ethine. 

2.  By  the  action  of  heat  upon  ethene,  or  the  vapour  of  alcohol, 
ether,  or  wood-spirit,  or  by  passing  induction-sparks  through 
marsh-gas.  ° 

3.  By  passing  the  vapour  of  chloroform  over  ignited  copper : 

2CHC13    +    Cu6    =    3Cu2Cl2    +  C2H2. 

4.  By  the  incomplete  combustion  of  bodies  containing  carbon 
and  hydrogen ;  for  example  : 

4CH4    +    06    =    6H20    +  2C9H2 

Methane.  Ethine. 

2C2H4    +    02    =    2H20    +  2C9H0. 

Ethene-  Ethine: 

•  5.  By  passing  a  mixture  of  marsh-gas  and  carbon  monoxide 
through  a  red-hot  tube  : 

CH4    +    CO    =    H20    +  C2H2 

6.  By  the  action  of  alcoholic  potash  on  monobromethene  : 

C2H3Br    +    HKO    =    KBr    +    H20    +  C2H2. 

The  crude  ethine  obtained  by  either  of  these  processes  is  purified 
m  the  mariner  above  mentioned. 

Ethine  is  a  colourless  gas  of  specific  gravity  0-92.  having  a. 
^7ar  unpleasant  odour,  moderately  soluble  in  water,  not 
.,'  ,''ns;i'1  ''•>'  cold  '"'  pressure.  It  burns  with  a  very  bright  and 
™okj  name,  one  volume  of  the  gas  consuming  2.V  volumes  of 
sygen  and  producing  2  volumes  of  carbon  dioxide.  When  mixed 
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with  chlorine,  it  detonates  almost  instantly,  even  in  diffused  day- 
light, with  separation  of  carbon. 

Ethine  passed  into  an  animoniacal  solution  of  cuprous  chloride 
forms  a  red  precipitate  consisting  of  cuproso-vinyl  oxide, 
C4(Cu9),H,0,  or  [C2(Cu2),/H]20,  that  is  to  say,  vinyl-oxide  (C2H3)20, 
having  four  of  its  hydrogen-atoms  replaced  by  four  atoms  of 
(apparently)  univalent  copper  (see  p.  396).  The  constitution  of 
this  compound  may  be  understood  from  the  following  formulae  : 

H   H        H   H  H  H 

II  II  Cu\  /Cu 

c=c-o-c=c        i  >c=c-o-c=c<  I 

I  I  CuT  XCu 

H  H 

Vinyl  oxide.  Cuproso-vinyl  oxide. 

Its  formation  from  cuprous  chloride  and  ethine  is  represented  by 
the  equation : 

2Cu2Cl2  +  2C2H2  +  H20   =  4HC1  +  C4Cu4H20 

On  heating  it  with  hydrochloric  acid,  the  opposite  reaction  takes 
place,  cuprous  chloride  and  water  being  reproduced,  and  pure 
ethine  evolved  as  gas. 

When  this  copper  compound  is  heated  with  zinc  and  dilute 
ammonia,  the  nascent  hydrogen  thereby  evolved  unites  with  the 
elements  of  ethine,  producing  ethene : 

C4Cu4H90    +    2H2    =    Cu4    +    H20    +  2C2H2 
and      C2H;      +     H2    =  C2H4. 

Ethine,  briskly  agitated  with  strong  sulphuric  acid,  is  absorbed, 
producing  vinyl-sulphuric  acid,  C2H4S04 : 

C2H2    +    H2S04    =  (C2H3)HS04; 

and  this  acid,  distilled  with  water,  is  resolved  into  sulphuric  acid 
and  vinyl  alcohol : 

(C2H3)HS04    +    H20    =    H2S04    +  C2H3(OH) 

Vinyl-sulphuric  Vinyl 
acid.  alcohol. 

Ethine  unites  with  bromine,  forming  a  dibromide,  CoHoBr2. 

When  a  series  of  strong  induction-sparks  is  passed  through  a 
mixture  of  ethene  and  nitrogen,  the  two  gases  unite  and  form 
hydrocyanic  acid:  C2H2  +  N2  =  2CNH. 

Bromethine,  or  Bromacetylene,  C2HBr,  is  produced  by  the  action 
of  alcoholic  potash  on  dibromethene  dibromide : 

C2H2Br2.Br2    =    HBr    +    Br2    +  C2HBr. 

It  is  a  spontaneously  inflammable  gas,  which  liquefies  under  a 
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pressure  of  three  atmospheres,  is  soluble  in  water,  and  very  soluble 
m  dibromethine  It  unites  with  bromine,  forming  the  compound 
UHBr.Lr3  and  when  passed  into  an  ammoniacal  solution  of 
cuprous  chloride,  yields  a  precipitate  of  cuproso-vinyl  oxide. 

Propine,  or  Allylene  C3H4.-This  compound  is  produced 
In  the  action  of  sodium  ethylate  on  bromopropene : 

CjHjBr  +  C2H5NaO  =  NaBr  +  C2H6(HO)  +  C3H4, 
its  formation  being  a  particular  case  of  the  general  reaction  given 
on  page  5oS  It  is  a  colourless  gas,  having  an  unpleasant  odour 
burning  with  a  smoky  flame,  and  forming,  with  mercurous  salts 
a  grey  precipitate;  with  silver  salts,  a  white  precipitate;  and  with 
cuprous  chloride,  a  yellow  precipitate,  analogous  in  composition  to 

W3  X^bT  *  f°™  the  «P«* 

Quartine  (luintine,  and  Sextine,  are  volatile  liquids 
boding  respectively  at  18°,  44-46°,  and  58°,  aAd  capable  of  uS 
with  2  or  with  4  atoms  of  chlorine,  bromine,  hydroxyl  &c 


Fourth  Series  CnH2l,_4. 
The  known  hydrocarbons  of  this  series  are  quintone,  or  valy- 
rf  ?re'  P^uced1by'i  abstraction  of  hydrogen  from  quintine, 

n&'  n  u  am  7°l^e  0lls  called  ^penes,  having  the  com- 
position C10H1G,  and  existing  ready-formed  in  plants.  The  former 
Kent  quadrivalent,  the  latter  are  quadrivalent  and 

alcodmlv^lV*  Val^ene>  CsHo> is  fo™l  by  the  action  of 
lcohohc  potash  on  quintme  dibromide,  CsHfiBr„.    It  is  a  lieht 
i;ud,  boibng  at  about  50°.   With  bromine  in* *  freezing  irdXe 
fo  ms  a  crystalbne  mass .  consisting  of  quintone^^ 
1('e-  <-»H0Br0,  saturated  with  a  thick  liquid,  which  is  a  mixture 
"I  'he  compounds  C6H0Br0,  CaH0Br4,  and  probably  C6H6l£ 

-  SSSTSSSSl  the  aromatic  group' and  wm  be  de8Cribed 


562 


FATTY  GROUP  :  ALCOHOLS  AND  ETHERS. 


ALCOHOLS   AND  ETHERS. 

The  term  alcohol,  originally  limited  to  one  substance,  viz.,  spirit 
of  wine,  is  now  applied  to  a  large  number  of  organic  compound:-, 
many  of  which,  in  their  external  characters,  exhibit  but  little 
resemblance  to  ordinary  alcohol.  They  are  all,  however,  analo- 
gously constituted,  having  the  composition  of  saturated  hydro- 
carbons, in  which  one  or  more  of  the  hydrogen-atoms  are  replaced 
by  hydroxyl :  they  may,  therefore,  also  be  regarded  as  compounds 
of  hydroxyl  with  univalent  or  multivalent  hydrocarbon  radicals, 
hence  called  alcohol-radicals.  Thus,  from  propane,  C3H6,  are 
derived  the  three  alcohols, 

C3H7(OH)  (C3H6)"(OH)2  (C3H5y"(OH)3 

Propyl  Propene  Propenyl 

alcohol.  alcohol.  alcohol. 

Alcohols  are  accordingly  classed  as  monatomic,  diatomic, 
triatomic,  &c,  or,  generally,  as  monatomic  and  polyatomic, 
according  to  the  number  of  equivalents  of  hydroxyl  which  they 
contain ;  or  according  to  the  equivalent  value  of  their  hydrocarbon 
radicals. 

The  replacement,  partial  or  total,  of  the  hydroxyl  in  an  alcohol 
by  chlorine,  bromine,  iodine,  or  fluorine,  gives  rise  to  haloid 
ethers,  thus: 

From  C,H7(OH)  are  derived  C3H7C1,  C3H7Br,  &c. 
,    C3He(OH„)       „       C3H6C10H,  C3HeCl„,  &c. 
„    (C3H6)(OH)3     „  C3H5Cl(OH)2,C3H5Cl3(OH),C3H5Cl3, 

C3H6Br2Cl,  &c. 

These  substitutions  are  effected  by  treating  the  alcohols  with 
the  chlorides,  bromides,  and  iodides  of  hydrogen  or  phosphorus, 
as  in  the  following  equations,  which  represent  the  formation  of 
ethyl  chloride  from  common  alcohol : 

C2H6(OH)    +  HC1     =    H(OH)    +  C,HRC1 
3CQH6(OH)  +  PC13    =    P(OH)s   +  3C2H5C1 
3C;H5(OH)  +  POCl3  =    PO(OH)3  +  3C2H6C1 

Instead  of  the  bromides  and  iodides  of  phosphorus,  the  elements 
phosphorus  and  bromine  or  iodine,  hi  the  proportions  required  to 
form  them,  are  often  used  in  these  processes. 

These  haloid  ethers  are  also  formed  in  many  instances  by  direct 
substitution  of  chlorine,  bromine,  &c,  for  hydrogen  in  saturated 
hydrocarbons,  as  explained  in  the  preceding  pages. 

The  treatment  of  the  haloid  ethers  with  caustic  aqueous  alkalis 
gives  rise  to  a  substitution  opposite  to  that  exhibited  in  the  above 
equations,  reconverting  the  ethers  into  alcohols,  e.g.: 

C2H5C1    +    KOH    =    KC1    +  C2H6(OH). 

The  replacement  of  the  hydroxyl  in  an  alcohol  by  the  corres- 
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ponding  radicals,  potassoxyl,  OK,  methoxyl,  OCH3,  ethoxyl  OC  H 
&c  (p  252),-or  of  the  hydrogen  in  the  hydroxy!  by  potassium,' 
methyl,  ethyl,  &c.,— gives  rise  to  oxygen-ethers,  thus: 

C2H5(OH)   yields    CaH6(OK)     C2H5(OCH3)  C2H5(OC2Hs) 

Etl\yl  Potassium  Methyl  Ethvl 

almho1-  ethylate.  ethylate.  ethylate. 

C2H4(OH)2   „    C2H4(OH)(OC2H5)  C.,H4(OC2H5)2 

Ethene  Monethylic  Diethylic  ° 

alcohol.  ethenate.  ethenate. 

_  These  substitutions  may  be  effected  in  various  ways.  The 
simplest  is  to  replace  an  atom  of  hycbogen  in  the  alcohol  by 
potassium  or  sodium,  and  act  on  the  resulting  compound  with  a 
haloid  ether,  thus : 

2C2H4(OH)2    +    Na2   =   2C2H4(OH)(ONa)    +  H„ 

E.thtne  Sodium 
alcohol,  ethenate. 

C2H4(OH)(ONa)  +  C2H5I    =    Nal    +  aH4(OH)(OC2H,) 

Sodium  Ethyl  Sodium  '  Monethylic 

ethenate.  iodide.  iodide.  ethenate. 

In  the  polyatomic  alcohols,  two  eqivalents  of  hydroxyl  may  also 
be  replaced  by  one  atom  of  oxygen,  giving  rise  to  another  class  of 
oxygen  ethers ;  thus,  from  ethene  alcohol,  CQH,(0H)9,  is  derived 
ethene-oxide,  C2H,0. 

The  replacement  of  the  hydrogen  of  the  hydroxyl  in  an  alcohol 
by  acid  radicals  (p.  539),  produces  ethereal  salts  or  compound 
ethers :  thus  from  methyl  alcohol,  CH3(OH),  are  derived : 

H  0 

.Methyl  nitrate,  CH3(ON02),  or  H — C — 0 — ]ST 

I  II 
H  0 

H        O  H 

Methyl  acetate,  CfI3(OC.2H30),  or  H — C — 0 — C — C — 1 1 

I  H 

H  0 

Acid  methyl  sulphate,  CH3(OSO:)H),  or  H — C — 0 — S — 0  H 

I  II 
H  0 

H        O  H 

Neutral  methyl  sulphate,  CH3(OSOaCH8),  or  H— <L O-S-O— C-H 

I  II  I 

H        0  II 
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It  is  clear  that  these  ethereal  salts  may  be  derived  from  the  cor- 
responding acids  by  substitution  of  alcohol-radicals  for  hydrogen, 
being  in  fact  related  to  the  alcohols  in  the  same  manner  as  metallic- 
State,  metallic  hydrates.  When  distilled  with  alkalis,  they  are 
resolved  into  an  acid  and  an  alcohol ;  e.g.: 

+  K(OH)  =  K(OC2H30)   +  C2H5(OH) 

Potassium  Potassium  Ethyl 

hydrate.  acetate.  alcohol. 

The  action  of  haloid  ethers,  or  of  certain  ethereal  salts,  on 
the  sulpnyclrates  and  sulphides  of  th e  alkah-me tals  gives  rise  to 
alcoholic  sulphydrates  and  sulphides,  that  is  to  say, 
alcohols  and  ethers  containing  sulphur  in  place  of  oxygen ;  thus : 


C2H5(OC2H30) 

Ethyl  acetate. 


C9H,C1     +    KSH  = 


KC1 


+ 


Ethyl 
chloride. 


C2H5SH 

Ethyl 
sulphydrate. 


2KOSO3K 

Potassium 
sulphate. 


+  C2H6SC2H5 


Ethyl  sul- 
phide. 


2C2HsOS03K   +    KSK  = 

Potassium  ethyl  Potassium 
sulphate.  -sulphide. 

The  alcoholic  sulphydrates,  or  ^^W; s°  ^ 
mercantans,  from  their  property  of  readily  combining  with 
meiwy  (corpora  mercurioaPta)  Their  reactions  are  closely 
analogous  to  those  of  the  oxygen-alcohols. 


MONATOMIC  ALCOHOLS  AND  ETHERS. 

1  Containing  the  radicals  CHan+i,  homologous  with 

Methyl. 

The  alcohols  of  this  series  are  the  best  known  and  most  im- 
portant of  all  this  class  of  bodies  They  may  K*™**^ 
corresponding  haloid  ethers  by  the  action  of  alkalis,  and L  seveHU 
of  them  are  produced  by  the  fermentation  of  sugar^  There >  m 
also  synthetical  processes  by  which  these  alcohols  g^^J™ 
up  in  regular  order,  from  the  lowest  upwards  ;  but  these  will 
better  understood  further  on.  .  , 

The  names  and  formulae  of  the  known  alcohols  of  this  ser| 

are  as  follows  : — 

Methyl  alcohol,  . 
Ethyl  alcohol, 
Propyl  alcohol, 
Quartyl  or  Butyl  alcohol, 
Quintyl  or  Amyl  alcohol, 
Sextyl  or  Hexyl  alcohol, 


Reptyl  or  Heptyl  alcohol, 
Octyl  alcohol, 
Nonyl  alcohol, 
Sexdecyl  or  Cetyl  alcohol, 
Oeryl  alcohol, 
Meiissyl  alcohol, 


CH40 
C2H60 
C,HsO 


C4H10O 
C6H120 
CcH140 
C7H160 
C8HlsO 
C9H20O 

C10H34O 
C27H5C0 


ALCOHOLS  AND  ETHERS. 


The  first  nine  of  these  alcohols  are  liquid  at  ordinary  tempera- 
tures. Methyl  and  ethyl  alcohols  are  mobile,  watery  liquids  ; 
the  others  are  more  or  less  oily,  the  viscidity  increasing  with  the 
molecular  weight ;  cetyl  alcohol  is  a  solid  fat ;  ceryl  and  melissyl 
alcohols  are  of  waxy  consistence. 

The  formula  of  methyl  alcohol  is  that  of  methane  or  marsh-gas 
having  one  atom  of  hydrogen  replaced  by  hydroxyl ;  and  the  rest 
may  be  derived  from  it  by  replacement  of  one  or  more  of  the  other 
hydrogen-atoms  by  methyl  and  its  homologues.  If  we  replace 
only  one  atom  of  hydrogen  hi  this  maimer  we  obtain  the  series  ■ 

Methyl         Ethyl         Propyl  Quartyl  Quintyl 

alcohol.       alcohol,        alcohol.  alcohol.  alcohol, 

H  (CH3  (CH2CH3  (CH„CH,CH3  (  CH,CH„CH.CHS 
H    r )  H      r,    H  „   H  n    H       2     S  3 


C- 

OH     (  OH       (  OH  (OH  { OH 


or 


C3H7  ( C4H, 

H  „  )H 

H  Mh 
OH  ( OH 

Now,  it  is  clear  that,  so  long  as  the  type  of  an  alcohol  is  pre- 
served—that is,  of  a  hydrocarbon  having  at  least  one  hydrogen- 
atom  replaced  by  hydroxyl— the  first  two  alcohols  of  this  series  do 
not  admit  of  any  other  mode  of  formulation  :  in  other  words, 
these  two  bodies  are  not  susceptible  of  isomeric  modifications, 
but  with  regard  to  the  higher  members  of  the  series  the  case  is 
dirFerent.  Thus,  to  obtain  the  formula  of  the  three-carbon  alcohol, 
t  (H80,  instead  of  replacing  one  hydrogen-atom  in  methyl  alcohol 
by  ethyl,  we  may  replace  two  hydrogen-atoms  by  methyl,  which 

■u    ■     ,     ,  H3C     CH,         (  21s 

will  give  lor  this  alcohol  the  formula     '  \y      or  C  J  CH'i 

HUOH  }  gH 

CH2CH;j 

instead  of  CH2    or  C  {  g  .  and  in  like  maJmer  for  the 


Kmr-carhon  alcohol,  C4H10O,  we  obtain  the  three  modifications  : 

Primary.  Secondary.  Tertiary. 

ni.riu'ii,      r  ch2ch,  roHj 

Vfl  l'     H  °  )  CH, 

"(1  I  OH  I  OH 
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An  alcohol  is  said  to  be  primary,  secondary,  or  tertiary,  according 
as  the  carbon-atom  which  is  in  combination  with  hydroxyl,  is  likewise 
directly  combined  with  one,  two,  or  three  other  carbon-atoms. 

The  five-carbon  alcohol,  and. those  above  it,  are  likewise  sus- 
ceptible of  the  same  three  modifications,  and  no  more,  inasmuch 
as  the  carbon-atom  combined  with  hydroxyl  has  only  three  other 
units  of  equivalency  to  dispose  of. 

There  is  still,  however,  another  kind  of  modification  of  which 
the  alcohols  of  each  of  these  three  groups  are  susceptible,  arising 
from  modifications  in  the  alcohol-radicals  themselves,  already 
noticed  in  connection  with  the  paraffins  (p.  550).  The  primary 
four-carbon  alcohol,  for  example,  may  be  represented  by  either  of 
the  formulte  : 


C 


CH0CH0CH.J 

H  . 

H 

OH 


Each  of  these  fulfils  the  essential  condition  of  a  primary  alcohol ; 
but  the  first  contains  normal  propyl,  CH2(C2Hfi),  whereas  the 
second  contains  isopropyl,  CH(CH3)2 ;  and  in  the  higher  alcohols 
it  is  easy  to  see  that  a  still  larger  number  of  modifications  may 
exist ;  but  only  a  few  of  them  have  hitherto  been  actually  obtained 
The  methods  of  producing  secondary  and  tertiary  alcohols,  and 
the  differences  of  character  exhibited  by  the  several  modificati<  insj 
will  be  explained  further  on. 

A  very  convenient  nomenclature  for  these  isomeric  alcohols 
has  been  proposed  by  Kolbe.  Methyl  alcohol,  CH3(OH),  is  called 
carbinol ;  and  the  alcohols  formed  from  it  by  successive  substitu- 
tion of  methyl,  ethyl,  &c,  for  an  atom  of  hydrogen,  are  named 
according  to  the  radicals  which  they  contain ;  thus, 

Carbinol,  or  Methyl  alcohol,     .       .       .  C(OH)Hs 
Methyl  carbinol,  or  Ethyl  alcohol,    .       .  C(OH)H2CH3 
Ethyl  carbinol,  or  Propyl  alcohol,    .       .  C(OH)HsCsHB 
Dimethyl  carbinol,  or  Isopropyl  alcohol,  .  C(OH)H(CH3V. 
Propyl  carbinol,  or  Quartyl  alcohol,        .  C(OH)H,(C3Hr) 
Isopropyl  carbinol,  or  Isoquartyl  alcohol,  C(OH)H2CH(CIi3l. 
Methyl-ethyl  carbinol,  or  secondary  Quar- 
tyl alcohol,    C(OH)HCH3C2H, 

Trimetbvl  carbinol,  or  Tertiary  Quartyl 
alcohol,        .       .       .       .*      .       .  C(OH)(CII3)3. 
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Methyl   Alcohol,   Hydroxyrnethane,  Carbinol, 

CH40  or  CH3(OH). — This  is  the  simplest  member  of  the  series. 
It  is  produced  :  1.  From  marsh-gas,  by  subjecting  that  compound 
to  the  action  of  chlorine  in  sunshine,  whereby  chloroniethane, 
or  methyl  chloride,  CH3C1,  is  produced,  and  distilling  with 
potash. 

2.  From  wintergreen  oil,  which  consists  chiefly  of  acid  methyl 
salicylate,  C7H403.H.CH3,  by  distillation  with  potash,  whereby 
potassium  salicylate  is  formed,  and  methyl  alcohol  distils  over  : 

C-H403.H.CH3  +  KOH  =  C7H403.H.K  +  CH3(OH). 

This  reaction,  which  consists  in  the  interchange  of  methyl  and 
potassium,  yields  very  pure  methyl  alcohol. 

3.  From  crude  wood- vinegar,  the  watery  liquid  obtained  by  the 
destructive  distillation  of  wood  :  it  was  in  this  liquid  that  methyl 
alcohol  was  first  discovered  by  P.  Taylor,  in  1812  :  hence  it  is 
often  called  wood-spirit.  Crude  wood-vinegar  probably  contains 
about  part  of  methyl  alcohol,  which  is  separated  from  the 
great  bulk  of  the  liquid  by  distilling  it,  and  collecting  apart  the 
first  portions  which  pass  over.  The  acid  solution  thus  obtained 
is  neutralised  with  slaked  lime,  and  the  clear  liquid  separated 
from  the  oil  which  floats  on  the  surface,  and  from  the  sediment  at 
the  bottom,  is  again  distilled.  A  volatile  liquid  is  thus  obtained, 
which  burns  like  weak  spirit ;  this  may  be  strengthened  by  recti- 
fication, and  ultimately  rendered  pure  and  anhydrous  by  careful 
distillation  from  quicklime  at  the  heat  of  a  water-bath. 

Pure  methyl  alcohol  is  a  thin,  colourless  liquid,  very  similar  in 
smell  and  taste  to  ethyl  alcohol ;  crude  wood-spirit,  on  the  other 
hand,  which  contains  many  impurities,  has  an  offensive  odour  and 
a  nauseous,  burning  taste.  Methyl  alcohol  boils  at  66-6°,  and  has 
a  density  of  0'798  at  20°.  Vapour-density  (referred  to  hydro- 
gen) =  i  6.  Methyl  alcohol  when  pure  mixes  in  all  proportions 
with  water :  it  dissolves  resins  and  volatile  oils  as  freely  as  ethyl 
alcohol,  and  is  often  substituted  for  ethyl  alcohol  in  various  pro- 
cesses in  the  arts.  It  may  be  burnt  instead  of  ordinary  spirit  in 
temps  :  the  flame  is  pale-coloured,  like  that  of  ethyl  alcohol,  and 
deposits  no  soot.  Methyl  alcohol  dissolves  caustic  baryta:  the 
solution  deposits,  by  evaporation  in  a  vacuum,  acicular  crystals 
containing  Ba0.2CH40.  It  dissolves  calcium  chloride  in  large 
quantity,  and  gives  rise  to  a  crystalline  compound  containing 
w  I.,.  2CH40. 

Potassium  and  sodiwm  dissolve  in  it,  with  evolution  of  hydrogen 
gelding  potassium  and  sodium  methylates,  CH3OK,  and  CTT,ONa. 

By  oxidation,  as  by  exposure  to  the  air  in  contact  with  platinum 
Black,  it  is  converted  into  formic  acid.  GH2Oa  which  is  derived 
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from  it  by  substitution  of  1  atom  of  oxygen  for  2  atoms  of  hydro- 
gen: 

CH40    +   02    =    H20    +  CH202. 

Methyl  Chloride,  or  Chloromethane,  CH3Cl,  is  formed, 
according  to  Bertbelot,  when  a  mixture  of  equal  volumes  of 
methane  (marsh-gas)  and  chlorine  is  exposed  to  reflected  sun- 
bght.  It  is  more  easily  prepared,  however,  by  heating  a  mixture 
of  2  parts  of  common  salt,  1  part  of  wood-spirit,  and  3  parts  of 
concentrated  sulphuric  acid.  It  is  a  gaseous  body,  which  may  be 
conveniently  collected  over  water,  as  it  is  but  stightly  soluble  in 
that  liquid.  It  is  colourless ;  has  a  peculiar  odour  and  sweetish 
taste,  and  burns,  when  kindled,  with  a  pale  flame,  greenish  towards 
the  edges,  like  most  combustible  chlorine-compounds.  Its  density, 
referred  to  hydrogen  as  unity,  is  25*25 ;  it  is  not  liquefied  at 
— 18°.  The  gas  is  decomposed  by  transmission  through  a  red-hot 
tube,  with  slight  deposition  of  carbon,  into  hydrochloric  acid  gas 
and  a  hydrocarbon  which  has  been  but  little  examined.  By  the 
action  of  chlorine  in  sunshine  it  is  successively  converted  into 
methene  chloride,  or  dichloromethane,  CH2C12,  a  liquid  boiling  at 
30-5°;  methenyl  chloride,  trichloromethane,  or  chloroform,  CHC13; 
and  carbon  tetrachloride,  CC14. 

Methyl  Iodide,  or  Iodomethane,  CH3I,  is  a  colourless  and 
feebly  combustible  liquid,  obtained  by  distilling  together  1  part 
of  phosphorus,  8  of  iodine,  and  12  or  15  of  wood-spirit.  It 
is  insoluble  in  water,  has  a  density  of  2'237,  and  boils  at  44°. 
The  density  of  its  vapour,  referred  to  hydrogen  as  unity,  is  71. 
When  digested  in  sealed  tubes  with  zinc,  it  yields  a  coloiudess 
gaseous  mixture  containing  ethane,  or  dimethyl,  C2H0,  and  the 
residue  contains  zinc  iodide,  together  with  zinc  methide, 
Zn(CHs), : 

2CH3I    +    Zn    =    ZnL,    +  C,Hn 
2CH3I    +    Zn2  =    Znl2    +  Z"n(CH3)2 

Methyl  Ether,  Methyl  Oxide,  or  Methoxyl- methane, 

C2H60  =  (CH3)20  =  C  |  q£h  .—This  compound,  which  bears 

the  same  relation  to  methyl  alcohol  that  anhydrous  potassium 
oxide  bears  to  potassium  hydrate,  is  produced  by  abstraction 
of  the  elements  of  water  from  methyl  alcohol :  2CH40  —  H,0  = 
C2H0O. 

It  may  be  prepared  by  heating  1  port  of  wood-spirit  and  4  parts 
of  concentrated  sulphuric  acid,  and  passes  over  as  a  colourless  pas. 
which  may  be  collected  over  mercury.  It  does  not  liquefy  at 
-16°.  It  has  an  ethereal  odour,  and  burns  with  a  pale  and 
feebly-luminous  flame.  Its  specific  gravity  is  1'617  referred  to 
air,  or  23  referred  to  hydrogen  as  unity.  '  Cold  water  dissolves 
about  33  times  its  volume  of  this  gas,  acquiring  thereby  its 
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characteristic  taste  and  odour:  on  boiling  the  solution,  the  gas  is 
again  liberated.  Alcohol,  wood-spirit,  and  concentrated  siUpWic 
acid  dissolve  it  in  still  larger  quantity. 

Methyl  Nitrate,  CH3.N03,  or  CH3.ON02  (p.  563).  This 
ether  is  obtained  by  distilling  50  grams  of  pounded  nitre  with  50 
grains  of  wood-spirit  and  100  grams  of  sulphuric  acid,  in  a  retort 
without  external  heating.  It  is  a  colourless  liquid  of  sp.  gr.  1-182 
at  20°;  boils  at  60°;  has  a  faint  ethereal  odour.  Its  vapour  de- 
tonates violently  when  heated  to  150°.  Heated  with  alcoholic 
ammonia,  it  yields  methylamine  nitrate,  CH.N.  N03H.  Distilled 
with  aqueous  potash,  it  yields  methyl  ether. 

Methyl  Sulphates.  — Sulphuric  acid  being  a  bibasic  acid, 
yields  two  methyl  ethers— one  acid,  the  other  neutral. 

Acid  mcthylsidphate,  Methyl  and  Hydrogen  sulp]iate,Methylsulphu- 
nc  acid,  or  Sulphomethylic  acid,  CH3.H.S04,  or  CH3— 0— S03H 
(p.  563).— To  prepare  this  acid  ether,  1  part  of  wood-spirit  is 
slowly  mixed  with  2  parts  of  concentrated  sulphuric  acid,  and  the 
whole  is  heated  to  ebullition,  and  left  to  cool,  after  which  it  is 
diluted  with  water,  and  neutralised  with  barium  carbonate.  The 
solution  is  filtered  from  the  insoluble  sulphate,  and  evaporated, 
first  m  a  water-bath,  and  afterwards  in  a  vacuum  to  the  proper 
degree  of  concentration.  The  salt  crystallises  in  beautiful,  square 
colourless  tables,  containing  (CH3)2Ba"S04.2H20,  which  effloresce 
m  dry  air,  and  are  very  soluble  in  water.  By  exactly  precipitating 
the  base  from  this  substance  with  dilute  sulphuric  acid,  and  leaving 
Urn  filtered  liquid  to  evaporate  in  the  air,  niethylsulphuric  acid  may 
be  procured  m  the  form  of  a  sour,  syrupy  liquid,  or  in  minute 
acicufar  crystals,  very  soluble  in  water  and  alcohol.  It  is  very 
instable,  being  easily  decomposed  by  heat.  Potassium  methylsul 
pwe, ,  U±,Kb04,  crystallises  in  small,  nacreous,  deliquescent 
rhombic  tables.    The  lead-salt  is  also  very  soluble. 

Neutral  Methyl  sulphate,  or  Dimethylic  sulphate,  (CH.;)3S04,  or 
t 3~  ,     •  V3CH3.— This  ether  is  prepared  by  distilling  1  part 
of  wood-spirit  with  8  or  10  parts  of  strong  oil  of  vitrei:  the 
flistillation  may  be  carried  nearly  to  dryness.     The  oleaginous 
uquid  found  m  the  receiver  is  agitated  with  water,  and  purified  by 
rectification  from  powdered  caustic  baryta.  The  product  is  a  colour- 
ess  oUy  liquid,  of  alliaceous  odour,  having  a  density  of  1-324,  and 
'oiling  at  188     It  is  neutral  to  test-paper,  and  insoluble  in  water, 
>u   decomposed  by  that  liquid,  slowly  in  the  cold,  rapidly  and 
mtn  violence  at  a  boiling  temperature,  into  methylsulphuric  acid 
methyl  alcohol.    Anhydrous  lime  and  baryta' have  no  action 
ratrus  ether:  thoir  hydrates,  however,  and  those  of  potassium  and 
sotlium  decompose  it  instantly,  with  production  of  a  methylsul- 
pnate  of  the  base,  and  methyl  alcohol.    When  neutral  methyl- 
^Hpliatr  is  heated  with  common  salt,  it  yields  sodium  sulphate 
™»  methyl  chloride  ;  with  mercuric  cyanide,  or  potassium  cyanide. 


570 


FATTY  GROUP  I   .VLCOHOLS  AND  ETHERS. 


it  gives  a  sulphate  of  the  base,  and  methyl  cyanide ;  with  dry 
sodium  formate,  it  yields  sodium  sulphate  and  methyl  formate. 

Methyl  Borate,  (CH3),BO,  =  B'"(OCH3)3,  is  formed  by  the 
action  of  gaseous  boron  chloride  on  anhydrous  metlryl  alcohol 
It  is  a  limpid  liquid,  of  specific  gravity  0-9551  at  0°,  boiling  at  72'. 
Water  decomposes  it  into  boric  acid  and  methyl  alcohol. 

Methyl  Phosphates.— Two  methyl  phosphates,  viz.,  methyl- 
phosphoric  acid,  (PO)/"(OH)2(OCH3),  and  dimethylphosphoric  acid, 
(PO)'"(OH)(OCH3)2,  are  formed  by  the  action  of  phosphorus  oxy- 
chloride  on  methyl  alcohol  under  different  circumstances. 

Methyl  Silicate,  SiIv(OCH3)4,  is  obtained  by  acting  upon  per- 
fectly pure  and  dry  methyl  alcohol  with  silicium  tetrachloride, 
and  distilling  the  product.  It  is  a  colourless  liquid,  of  pleasant, 
ethereal  odour,  specific  gravity  1-0589  at  0°,  distilling  between 
121°  and  126°.  It  dissolves  with  moderate  facility  in  water,  and  the 
solution  does  not  become  turbid  from  separation  of  silica  for  some 
weeks.  Its  observed  vapour-density  is  5-38  referred  to  air,  or  77-6 
referred  to  hydrogen,  the  calculated  number  being  76. 

Methyl  Sulphydrate,  CH3SH,  also  called  Methyl  Mer- 
captan.— This  compound,  which  has  the  composition  of  methyl 
alcohol  with  the  oxygen  replaced  by  sulphur,  is  formed  by  distil- 
ling in  a  water-bath,  with  efficient  condensation,  a  mixture  of 
calcium  methylsulphate,  and  potassium  sulphydrate : 

Ca"(CH3)2(S04)2  +  2KSH  =  K2S04  +  CaS04  +  2CH3SH. 
It  is  a  liquid  lighter  than  water,  and  having  an  extremely  offen- 
sive odour.    It  forms  with  lead-acetate  a  yellow  precipitate,  and 
with  mercuric  oxide  a  white  compound,  (CH3)2S2Hg",  which 
crystallises  from  alcohol  in  shining  laminae. 

Methyl  Sulphide,  (CH3)2S,  or  H3C— S— CH3,  is  obtained  by 
passing  gaseous  methyl  chloride  into  a  solution  of  potassium  mono- 
sulphide  in  wood-spirit.  It  is  a  coloiuiess,  mobile,  fetid  liquid,  of 
specific  gravity  0-845  at  21°,  boiling  at  41°.  It  forms  several  sub- 
stitution-products with  chlorine. 

Methyl  Bisulphide,  (CH3)2S2,  is  prepared  by  passing  gaseous 
methyl  chloride  through  an  alcoholic  solution  of  potassium  bisul- 
phide. It  is  a  limpid,  strongly  refracting  liquid,  having  a  specific 
gravity  of  1-046  at  18°,  and  an  intolerable  odour  of  onions;  boils 
between  116°  and  118°.  It  forms  substitution-products  with 
bromine  and  chlorine. 

By  substituting  pentasulphide  for  bisulphide  of  potassium  in 
the  preceding  preparation,  a  trisulphide  of  methyl,  (CH3)2S3,  is  ob- 
tained, boiling  at  about  200°. 

Methyl  Telluride,  or  Telluro-methyl,  (CH3)2Te,  obtained 
by  distilling  potassium  telluride  with  potassium  methylsulphate, 
is  an  oily  fetid  liquid,  resembling  ethyl  telluride,  which  will  be 
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described  hereafter.  The  corresponding  selenium  compound, 
(GHj^Se,  has  also  been  obtained. 

Zinc  Methide,  or  Zinc-methyl,  Zn"(CH3)2,  obtained  by  heat- 
ing ethyl-iodide  with  zinc  under  pressure,  is  a  colourless,  spon- 
taneously inflammable  gas,  which  is  violently  decomposed  by 
water,  with  formation  of  zinc  hydrate  and  marsh  gas  : 

Zn(CH3)2    +    2H20    =    ZnH202    +  2CH4. 
It  resembles  the  ethyl-compound  in  all  its  reactions. 

Stannous  Methide,  Sn"(CH3)2,  and  Stannic  Methide, 
Sn2(CH.,)4,  also  resemble  the  corresponding  ethyl-compounds,  and 
are  obtained  by  similar  reactions. 

Aluminium  Methide,  Ar(CHs)3,  or  A13(CH3)6.— This  com- 
pound, discovered  by  Buckton  and  Odling,  is  formed  by  heatino- 
:  mercuric  methide  with  ahvmmimn.  It  is  a  mobile  liquid,  which 
crystallises  at  a  little  above  0°,  and  boils  at  130°,  At  and  above 
220°  the  density  of  its  vapour,  compared  with  that  of  ah-,  is  2-8, 
which  is  near  to  the  theoretical  density  calculated  for  the  formula 
JY(C'H3)3,  namely,  2-5.  This  seems  to  show  that  the  true  formula 
of  the  compound  is  _A1(CH3)3,  and  not  A12(CH3)G,  and,  conse- 
quently, that  ahmiinium  is  a  triad,  not  a  tetrad  (p.  375).  At 
temperatures  near  the  boiling  point,  however,  the  vapour-density 
becomes  4-4,  approximating  to  the  theoretical  density  calculated 
for  the  formula,  Al,(CH3)fl. 

The  compounds  of  methyl  with  phosphorus,  arsenic,  antimony, 
and  bismuth,  will  be  described  with  the  nitrogen  bases. 
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Ethyl  Alcohol,  Hydroxyl-ethane,  or  Methyl  Carbinol, 

CH  f 
CsH0O  =  C2H3(OH)  I   3  =      CJ  H  ' 

CH2(OH)  jtfj 
This  important  compound,  the  oldest  and  best  known  of  the  whole 
group  of  alcohols,  and  generally  designated  by  the  simple  name 
"alcohol,"  is  produced : 

wl'  FrT  ethene>  C2Hi>  by  addition  of  the  elements  of  water. 
Wnen  ethene  gas  and  strong  sulphuric  acid  are  violently  agitated 
^therior  a  long  time,  the  gas  is  absorbed,  and  ethyl'sulphurie 
acw,  L2H?SO,„  is  produced;  and  this  compoimd,  distilled  with 
wateT,  yields  sulphuric  acid  and  ethyl  alcohol: 

^H0SO,    +    H20    =    H2S04    +  C2H0O. 
Now  we  have  seen  that  ethene  can  be  formed  by  addition  of 
nydrogen  to  e.thine,  C2H2,  which  is  itself  binned  by  direct  eom- 
Dination  of  carbon  and  hydrogen.    It  follows,  therefore,  that 
alcohol  can  be  produced  synthetically  from  its  elements. 
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2.  By  the  fermentation  of  certain  kinds  of  sugar.  When  a 
moderately  warm  solution  of  cane-sugar  or  grape-sugar  (glucose) 
is  mixed  with  certain  albuminous  matters,  as  blood,  white  of  egg, 
fiour-paste,  and  especially  beer-yeast,  in  a  state  of  decomposition, 
a  peculiar  process  called  fermentation,  is  set  up,  by  which  the 
su^ar  is  resolved  into  ethyl  alcohol  and  carbon  dioxide.  In  the 
case  of  glucose,  C0H12O6,  these  products  result  from  a  simple 
splitting  up  of  the  molecule  : 

C0H12OB  =  2C02  +  2C2H0O. 

Cane-sugar,  C12H12Ou,  is  first  converted  into  glucose  by  assump- 
tion of  water,  (C12H22On+H20  =  2CcH1206),  and  the  latter  is  then 
decomposed  as  above.* 

If  ordinary  cane-sugar  be  dissolved  in  a  large  quantity  of  water, 
a  due  proportion  of  active  yeast  added,  and  the  whole  maintained 
at  a  temperature  of  21°-26b  C.  (70°-80°  F.),  the  change  will  go  on 
with  great  rapidity.  The  gas  disengaged  is  nearly  pure  carbon 
dioxide  :  it  is  easily  collected  and  examined,  as  the  fermentation, 
once  commenced,  proceeds  perfectly  well  in  a  close  vessel,  such  as 
a  large  bottle  or  flask  fitted  with  a  cork  and  a  conducting  tube. 
When  the  effervescence  is  at  an  end,  and  the  liquid  has  become 
clear,  it  will  yield  alcohol  by  distillation. 

The  spirit  first  obtained  by  distilling  a  fermented  saccharine 
liquid  is  very  weak,  being  diluted  with  a  large  quantity  of  water. 
By  a  second  distillation,  in  which  the  first  portions  of  the  distilled 
liquid  are  collected  apart,  it  may  be  greatly  strengthened :  the 
whole  of  the  water  cannot,  however,  be  thus  removed.  The 
strongest  rectified  spirit  of  wine  of  commerce  has  a  density  of 
about.  0-835,  and  yet  contains  13  or  14  per  cent,  of  water.  Pure  or 
absolute  alcohol  may  be  obtained  from  it  by  redistilling  it  with 
hall'  its  weight  of  fresh  quicklime.  The  lime  is  reduced  to  coarse 
powder,  and  put  into  a  retort ;  the  alcohol  is  added,  and  the 
whole  mixed  by  agitation.  The  neck  of  the  retort  is  securely 
stopped  with  a  cork  and  the  mixture  left  for  several  days.  The 
alcohol  is  distdled  off  by  the  heat  of  a  water-bath. 

Pure  alcohol  is  a  colourless,  limpid  liquid,  of  pungent  and 
agreeable  taste  and  odour  ;  its  specific  gravity,  at  15-5°  C.  (60°  If.), 
is  0-7938,  and  that  of  its  vapour  referred  to  air,  1-613.  It  is  verj 
inflammable,  burning  with  a  pale-bluish  flame^free  from  smote; 
it  has  never  been  frozen.  Alcohol  bods  at  78-4°  C.  (173"  r.) 
when  in  the  anhydrous  state ;  in  a  diluted  state  the  boding  point 
is  higher,  being  progressively  raised  by  each  addition  of  water, 
lu  the  act  of  dilution  a  contraction  of  volume  occurs,  and  the 

Side  by  side  with  this  principal  decomposition,  a  variety  of  other 
charges  are  simultaneously  accomplished.  According  to  Pasteur,  glycei  m. 
succinic  acid,  cellulose,  fats,  and  occasionally  lactic  acid,  are  observea 
among  the  products  of  alcoholic  fermentation.  Some  of  the  homologies  oi 
ethyl  "alcohol  are  also  found  among  the  products. 
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temperature  of  the  mixture  rises  many  degrees :  this  takes  place 
not  only  with  pure  alcohol,  but  also  with  rectified  spirit.  Alcohol 
is  miscible  with  water  in  all  proportions,  and,  indeed,  has  a  great 
attraction  for  the  latter,  absorbing  its  vapour  from  the  air,  and 
abstracting  the  moisture  from  membranes  and  other  similar  sub- 
stances immersed  in  it.  The  solvent  powers  of  alcohol  are  very 
extensive :  it  dissolves  a  great  number  of  saline  compounds,  and 
ldcewise  a  considerable  proportion  of  potash.  With  some  salts  it 
forms  definite  crystalline  compounds,  called  alcoholates  :  with 
zinc  chloride,  ZnCl2.2C2H60 ;  with  calcium  chloride,  CaCl2. 
4C2H60;  with  magnesium  nitrate,  Mg(NO3)2.6C2H0O.  Alcohol  dis- 
solves, moreover,  many  organic  substances,  as  the  vegeto-alkalis, 
resins,  essential  oils,  and  various  other  bodies  :  hence  its  great  use 
in  chemical  investigations  and  in  several  of  the  arts. 

Potassium  and  sodium  dissolve  in  ethyl  alcohol  in  the  same 
manner  as  in  methyl  alcohol,  forming  the  compounds  C9FLKO 
and  C2H6NaO. 

Alcohol,  passed  through  a  red-hot  tube,  is  resolved  into  marsh- 
gas,  hydrogen,  and  carbon  monoxide  : 

C2H80  =  CH4  +  H2  +  CO. 

Small  quantities  of  ethene,  benzene,  and  naphthalene  are,  how- 
ever, formed  at  the  same  time  by  the  mutual  action  of  these 
primary  products,  and  carbon  is  deposited. 

By  oxidation,  alcohol  is  converted,  first,  into  aldehyde,  C2H40, 
then  into  acetic  acid  C2H402, 

C2H60  +  0  =  H20  +  C2H40, 
and  C2H40  +  0  =  C2H402. 

Chlorine  gas  is  rapidly  absorbed  by  anhydrous  alcohol,  turning 
it  yellow,  and  causing  considerable  rise  of  temperature.  At  the 
same  time  it  rapidly  abstracts  hydrogen,  which  is  partly  replaced 
lhy  the  chlorine,  producing  hydrochloric  acid,  aldehyde,  acetic 
acid,  ethyl  acetate,  ethyl  chloride,  and  chloral.  The  mixture  of 
these  substances,  freed  by  water  from  the  soluble  constituents,  was 
formerly  called  heavy  muriatic  ether.  The  formation  of  the  several 
products  is  represented  by  the  following  equations  : 


C2H0O 

+ 

=  2HC1 

+ 

C2H40 , 

Alcohol. 

Aldehyde. 

C2H60 

+ 

4C12 

=  5HC1 

+ 

C2HC1,0, 

Alcohol. 

Chloral. 

C2H0O 

+ 

HC1 

=  H20 

+ 

02H6C1, 

Alcohol. 

Ethyl  chloride. 

C2HflO 

+  H20-f-2Cl, 

=  4HC1 

i 

C2H402, 

Alcohol. 

Acetic  acid. 

C2HeO 

+ 

C2H402 

=  H20 

+ 

C2H6.C2H802 

Alcohol. 

Acetic  acid. 

Ethyl  acetate. 
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When  the  action  of  the  chlorine  is  continued  ibr  a  long  time, 
chloral  is  always  the  principal  product.  This  compound  is  a 
heavy  oily  liquid,  having  the  composition  of  aldehyde  with 
3.  atoms  of  hydrogen  replaced  by  chlorine;  but  it  cannot  be 
formed  by  the  direct  action  of  chlorine  upon  aldehyde.  When 
alcohol  containing  water  is  used,  scarcely  any  chloral  is  obtained, 
the  chief  product  being  aldehyde. 

Chlorine,  in  presence  of  alkalis,  converts  alcohol  into  chloroform, 
CHCI3,  and  carbon  dioxide  : 

02H60  +  5C12  +  H20  =  C02  +  7HC1  +  CHC13. 

The  same  products  are  formed  by  distilling  dilute  alcohol  with 
bleaching  powder. 

Aqueous  alcohol  heated  with  strong  sulphuric  acid  is  converted 
into  ethylsulphuric  acid,  C2H6S04,  or  C2H5(OS03H),  (p.  575) ; 
but  when  anhydrous  alcohol  is  exposed  to  the  vapour  of  sulphuric 
oxide,.  S03,  a  white  crystalline  substance  is  formed,  called 
ethionic  oxide,  formerly  sulphate  of  caroyl,  C2H4S206.  Tins, 
when  dissolved  in  water  or  in  aqueous  alcohol,  is  converted  into 
ethionic  acid,  C2HaS207,  a  bi basic  acid,  which  forms  a  soluble 
barium  salt.  Lastly,  a  solution  of  ethionic  acid,  when  boiled,  is 
resolved  into  sulphuric  acid  and  isethionic  acid,  an  acid  isomeric 
with  ethylsulphuric  acid  (p.  576). 


Commercial  Spirit,  Wine,  Beer,  &c.  Vinous  Fermentation. — 
The  strength  of  commercial  spirit,  when  free  from  sugar  and  other 
substances  added  subsequent  to  distillation,  is  inferred  from  its 
density  :  a  table  exhibiting  the  proportions  of  real  alcohol  and 
water  in  spirits  of  different  densities  will  be  found  at  the  end  of 
the  volume.  The  excise  proof  spirit  has  a  sp.  gr.  of  0-9198  at 
60°  F.,  and  contains  49 J  per  cent,  by  weight  of  real  alcohol. 

The  high  duty  on  spirits  of  wine  in  this  country  has  hitherto 
interfered  with  the  development  of  many  branches  of  industry, 
which  are  dependent  on  the  free  use  of  this  important  liquid  The 
labours  of  the  scientific  chemist  have  been  likewise  often  checked 
by  this  inconvenience.  A  remedy  for  the  evil  has  been  supplied 
by  a  very  important  measure,  proposed  and  carried  out  by  the 
late  Mr  John  Wood,  Chairman  of  the  Board  of  Inland  Eevenue. 
This  measure  consists  in  issuing,  for  manufacturing  and  scientific 
purposes,  duty  free,  a  mixture  of  90  per  cent,  of  spirits  of  wine  of 
not  less  strength  than  corresponds  to  a  density  of  0-830,  with  10 
per  cent,  of  partially  purified  wood-spirit,  which  is  now  sold  by 
licensed  dealers  under  the  name  of  Methylated  Spirit.  It  appears 
that  a  mixture  of  this  kind  is  rendered  permanently  unfit  for 
human  consumption,  the  separation  of  the  two  substances,  in 
consequence  of  their  close  analogy,  being  not  only  difficult,  but  to 
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all  appearance  impossible  :  at  the  same  time,  and  for  the  same 
reasons,  tins  mixture  is  not  materially  impaired  for  the  greater 
number  of  the  more  valuable  purposes  in  the  arts  for  which  spirits 
are  usually  employed.  Methylated  spirit  may  be  used,  instead  of 
pine  spirit,  as  a  solvent  of  resinous  substances,  and  of  manv 
chemical  preparations,  especially  of  the  alkaloids  and  other  organic 
products.  It  may  be  used  for  the  production  of  fiumhiatin" 
mercury,  ether  chloroform,  iodoform,  defiant  gas,  and  all  its 
deriya tives-in  fact,  for  an  endless  number  of  laboratory  purposes 
Methylated  spirit  may  also  be  substituted  for  pure  spirit  of  wine 
m  he  preservation  of  anatomical  preparations.  The  introduction 
of  this  spirit  has  already  exerted  a  very  beneficial  effect  upon  the 
development  of  organic  chemistry  in  this  country.* 

Wine,  Beer,  &c,  owe  theii- intoxicating  properties  to  the  alcohol 
they  contain,  the  quantity  of  which  varies  very  much.  Port  and 
sherry,  and  some  other  strong  wines,  contain,  according  to  Mr 
Brande  from  19  to  25  per  cent,  of  alcohol,  while  in  the"  lighter 
wines  of  France  and  Germany  it  sometimes  falls  as  low  as  II  p I 
cent  Strong  ale  contains  about  10  per  cent. ;  ordinary  spirits  as 
brandy  gin,  whisky,  40  to  50  per  cent,,  or  occasionally  more 
These  latter  owe  their  characteristic  flavours  to  certain  essential 
ods  and  compound  ethers,  present  in  very  small  quantity  erther 
generated  in  the  act  of  fermentation  or  purposely  added 7' 

In  making  wine,  the  expressed  juice  of  the  grape  is  simply  set 
aside  in  large  vats,  where  it  undergoes  spontaneously  the  necessarv 

tT      he  VT 1  iMe  albumin  °f  the  JW  oxygen  S 

foment  TL  deC0^™>  ^  *  that  state  becomes  a 
ferment  to  the  sugar,  which  is  gradually  converted  into  alcohol 
If  the  sugar  be  m  excess,  and  the  azotised  matter  deficient  the 
resulting  wine  remains  sweet  ;  but  if,  on  the  otheTS  tht 
Proportion  of  sugar  be  small  and  that  of  alSimln  Tar^e  a  t 
Won!'  P1l0dUC-?-    ^6Q  the  f™tation  stop^and,  tg?  liquo? 

caskTrolT;1'1!  •dnwm  °ff  fr°m  the  lees>  and  tmiswHo 
cdSK.s,  to  ripen  and  improve. 

The  colour  of  red  wine  is  derived  from  the  skins  of  the  manes 
which  in  such  cases  are  left  in  the  fermenting  liquid  EtforveS 

K&^rK„SUf8a!S|,*ed  underPr™e,  and  retained 
a  lution  m  the  liquid.    A  certain  quantity  of  sim-ar  is  freouenllv 

stem  £  fe"nefat101)  0t  ^  graPe-Juice-  «■  a  crystalline, 
S  uotesSn  rJOl'l*  d?Posited-    This  consists  chiefly  of 

acia  potassium  tartrate  with  a  little  colouring  matter,  and  is  the 


Cor  1 1  s<> 


in  the  ArtK  M  U,,;.S,('«,l,|y  of  f?iTita  of  Wine,  free  from  duty,  f, 
We  by Profe™™  o"taCtUrlr8'ifdre8Sed  t0  the  Chairman  of  Inland  Reve: 
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source  of  all  the  tartaric  acid  met  with  in  commerce.  fThe  salt  in 
question  exists  in  the  juice  in  considerable  quantity ;  it  is  hut 
sparingly  soluble  in  water,  hut  still  less  so  in  dilute  alcohol: 
hence,  as  the  fermentation  proceeds,  and  the  quantity  of  spirit 
increases,  it  is  slowly  deposited.  The  acid  of  the  juice  is  thus 
removed  as  the  sugar  disappears.  It  is  this  circumstance  which 
renders  grape-juice  alone  fit  for  making  good  wine ;  when  that  of 
oooseberries  or  currants  is  employed  as  a  substitute,  the  malic  and 
citric  acids  which  these  fruits  contain  cannot  be  thus  withdrawn. 
There  is  then  no  other  resource  but  to  add  sugar  in  sufficient 
quantity  to  mask  and  conceal  the  natural  acidity  of  the  liquor. 
Such  wines  are  necessarily  acescent,  prone  to  a  second  fermenta- 
tion, and,  to  many  persons,  at  least,  very  unwholesome. 

Beer  is  a  well-known  liquor,  of  great  antiquity,  prepared  from 
terminated  grain,  generally  barley,  and  is  used  in  countries  where 
the  vine  does  not  flourish.  The  operation  of  malting  is  performed 
by  steeping  the  barley  in  water  until  the  grains  become  swollen 
and  soft,  then  piling  it  in  a  heap  or  couch,  to  favour  the  elevation 
of  temperature  caused  by  the  absorption  of  oxygen  from  the  air, 
and  afterwards  spreading  it  upon  a  floor,  and  turning  it  over  from 
time  to  time  to  prevent  unequal  heating.  When  germination  has 
proceeded  far  enough,  the  vitality  of  the  seed  is  destroyed  by 
Idln-drying.  During  this  process,  a  peculiar  nitrogenous  sub- 
stance called  diastase  is  produced,  which  acts  as  a  ferment  on  the 
starch  of  the  grain,  converting  a  portion  of  it  into  sugar  and 
rendering  it  soluble. 

In  brewing,  the  crushed  malt  is  infused  m  water  at  about  1 1 U  f . 
(77°  C  ),  and  the  mixture  is  left  to  stand  during  the  space  of  two 
hours  or  more.  The  easily  soluble  diastase  has  thus  an  opportunity 
of  acting  upon  the  unaltered  starch  of  the  grain,  and  changing  it 
into  dextrin  and  sugar.  The  clear  liquor,  or  wort,  strained  ironi 
the  exhausted  malt,  is  next  pumped  up  into  a  copper  boder,  ami 
boded  with  the  requisite  quantity  of  hops,  to  communicate  a 
pleasant  bitter  flavour,  and  confer  on  the  beer  the  property  ot 
keeping  without  injury.  The  flowers  of  the  hop  contain  a  bitter, 
resinous  principle,  called  lupulin,  and  an  essential  od. 

When  the  wort  has  been  sufficiently  boded,  it  is  drawn  ironi 
the  copper,  and  cooled  as  rapidly  as  possible,  to  near  the  ordinary 
temperature  of  the  air,  in  order  to  avoid  an  irregular  acid  fermen- 
tation, to  which  it  would  otherwise  be  liable.  It  is  then  transferred 
to  the  fermenting  vessels,  which  in  large  breweries  are  of  great 
capacity,  and  mixed  with  a  quantity  of  yeast,  the  product  ot  a 
preceding  operation,  by  which  the  change  is  speedily  induced. 
This  is  the  most  critical  part  of  the  whole  operation,  and  one  m 
wldch  the  skill  and  judgment  of  the  brewer  are  most  called  into 
phy  The  process  is  in  some  measure  under  control  by  attention 
to  the  temperature  of  the  liquid;  and  the  extent  to  which  the 
change  has  been  carried  is  easily  known  by  the  diminished  density, 
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or  attenuation  of  the  wort.  The  fermentation  is  never  suffered  to 
run  its  full  course,  but  is  always  stopped  at  a  particular  point,  by 
separating  the  yeast,  and  drawing  off  the  beer  into  casks.  A  slow 
and  almost  insensible  fermentation  succeeds,  which  in  time  renders 
the  beer  stronger  and  less  sweet  than  when  new,  and  charges  it 
with  carbonic  acid. 

Highly  coloured  beer  is  made  by  adding  to  the  malt  a  small 
quantity  of  strongly  dried  or  charred  malt,  the  sugar  of  which  has 
been  changed  to  caramel ;  porter  and  stout  are  so  prepared. 

The  yeast  of  beer  is  a  very  remarkable  substance,  and  has  excited 
much  attention.  To  the  naked  eye  it  is  a  greenish-yellow  soft 
solid,  nearly  insoluble  in  water,  and  dries  up  to  a  pale-brownish 
mass,  which  readily  putrefies  when  moistened,  and  becomes  offen- 
sive. Under  the  microscope  it  exhibits  a  kind  of  organised  ap- 
pearance, being  made  up  of  little  transparent  globules,  which 
sometimes  cohere  in  clusters  or  strings,  like  some  of  the  lowest 
members  of  the  vegetable  kingdom.  Whatever  may  be  the  real 
nature  of  the  substance,  no  doubt  can  exist  that  it  is  formed  from 
the  soluble  azotised  portion  of  the  grain  during  the  fermentative 
process.  No  yeast  is  ever  produced  in  hquids  free  from  azotised 
matter;  that  added  for  the  purpose  of  exciting  fermentation  in 
pure  sugar  is  destroyed,  and  rendered  inert  thereby.  When  yeast 
is  deprived,  by  straining  and  strong  pressure,  of  as  much  water  as 
possible,  it  may  be  kept  in  a  cool  place,  with  unaltered  properties 
tor  a  long  tune ;  otherwise  it  speedily  spoils. 

The  distiller,  who  prepares  spirits  from  grain,  makes  his  wort 
or  wash,  much  m  the  same  manner  as  the  brewer;  he  uses,  how- 
ever, with  the  malt  a  large  quantity  of  raw  grain,  the  starch  of 
which  sutlers  conversion  into  sugar  by  the  diastase  of  the  malt 
which  is  sufficient  for  his  purpose.  He  does  not  boil  his  infusion 
with  hops,  but  proceeds  at  once  to  the  fermentation,  which  he 
pushes  as  far  as  possible  by  large  and  repeated  closes  of  yeast. 
Alcohol  is  manufactured  in  many  cases  from  potatoes  The 
potatoes  are  ground  to  pulp,  mixed  with  hot  water  and  a  little 
matt,  to  furnish  diastase,  made  to  ferment,  and  then  the  fluid 
portion  is  distilled.  The  potato-spirit  is  contaminated  by  a  verv 
offensive  volatile  oil,  again  to  be  mentioned:  the  crude  product 
rom  corn  contains  a  substance  of  a  similar  land.  The  business  of 
*e  rectifier  C0USlsts  in  removing  or  modifying  these  volatile  oils, 
and  in  replacing  them  by  others  of  a  more  agreeable  character. 

in  making  bread  the  vinous  fermentation  plays  an  important 
mil  J?6  yeaS,  added^°  the  dough  converts  the  small  portion  of 
sugar  the  mea   naturally  contains  into  alcohol  and  carbonic  acid. 

int  Pi  m     TP"  fnrReH  the  touSh  and  adhesive  materials 
bubbles,  which  are  still  further  expanded  by  the  heat  of  the 
"yen,  winch  at  the  same  time  dissipates  the  alcohol :  hence  the 
'piit  and  spongy  texture  of  all  good  broad.    The  use  of  leaven  is 
great  antiquity:  this  is  merely  dough  in  a  state  of  incipient 
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putrefaction.  When  mixed  with  a  large  quantity  of  fresh  dough' 
it  excites  in  the  latter  the  alcoholic  fermentation,  in  the  same 
manner  as  yeast,  but  less  perfectly;  it  is  apt  to  communicate  a 
disagreeable  sour  taste  and  odour.  Sometimes  carbonate  of  am- 
monia is  employed  to  lighten  the  dough,  being  completely  vola- 
tilised by  the  high  temperature  of  the  oven.  Bread  is  now 
sometimes  made  hy  mixing  a  little  hydrochloric  acid  and  sodium 
carbonate  in  the  dough;  if  proper  proportions  he  taken  and 
the  whole  thoroughly  mixed,  the  operation  appears  to  be  very 
successful. 

Another  mode  of  bread-making,  now  practised  on  a  large  scale 
with  great  success,  is  that  invented  by  the  late  Dr.  Dau«lish, 
which  consists  in  agitating  the  dough  in  a  strong  vessel  with  water 
saturated  under  pressure  with  carbonic  acid  gas.  When  the  doinm 
thus  treated  is  subsequently  released  from  this  pressure  and  exposed 
to  the  air,  the  gas  escapes  in  bubbles,  and  lightens  the  mass  as 
effectually  as  that  evolved  within  its  substance  by  fermentation. 
The  bread  thus  made,  called  "  aerated  bread,"  "is  of  excellent 
quality,  not  being  subject  to  the  deterioration  which  so  frequently 
takes  place  in  ordinary  bread,  when  the  fermentation  is  allowed 
to  go  too  far. 

Vinous  fermentation,  that  is  to  say  the  conversion  of  sugar  into 
alcohol  and  carbon  dioxide,  never  takes  place  except  in  presence 
of  some  nitrogenous  body  of  the  albuminoid  class  in  a  state  of 
decomposition  (p.  518).  The  manner  in  which  these  bodies  act 
m  inducing  fermentation  is  very  obscure :  they  neither  add  any- 
thing to  the  sugar  nor  take  anything  from  it ;  but  the  motion  or 
disturbance  of  their  particles,  while  undergoing  putrefaction,  is 
supposed  to  be  communicated  to  the  particles  of  the  sugar  with 
which  they  are  in  contact,  and  thus  to  induce  the  decomposition 
above  mentioned :  hence  such  bodies  are  called  ferments.  There 
are  other  modes  of  fermentation  which  sugar  and  substances  allied 
to  it  are  capable  of  undergoing,  and  the  particular  change  induced 
vanes  with  the  kind  of  ferment  present :  thus  vinous  fermentation 
is  induced  with  peculiar  facility  by  yeast ;  lactous  fermentation, 
or  the  conversion  of  sugar  into  lactic  acid,  by  putrefying  cheese. 
Another  very  remarkable  circumstance  connected  with  fermenta- 
tion is  that  it  is  always  accompanied  by  the  development  of  certain 
minute  living  organisms— fungi  and  infusoria— like  those  already 
mentioned  as  existing  in  yeast.  So  constantly  indeed  is  this  the 
case,  that  many  chemists  and  physiologists  regard  these  organisms 
as  the  exciting  cause  of  fermentation  and  putrefaction;  and  this 
view  appears  to  be  corroborated  by  the  fact  that  each  particular 
kind  of  fermentation  takes  place  most  readily  in  contact  with  a 
certain  living  organism,  or  at  least  with  nitrogenous  matter  con- 
taining it ;  thus  beer-yeast  contains  two  species  of  fungus,  called 
Torvula  cerevisim  and  PenicilUvm  glaucum,  the  cells  of  w  hich  are 
of  very  different  sizes,  so  that  they  may  be  separated  by  filtering 
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an  infusion  of  the  yeast,  the  larger  cells  of  the  Torvula  remaining 
on  the  filter,  while  those  of  the  Penicillium,  which  are  much 
smaller,  pass  through  with  the  liquid.  Now,  it  is  found  that  the 
residue  on  the  filter  brings  a  solution  of  sugar  into  the  state  of 
vinous  fermentation,  whereas  the  filtered  liquid  induces  lactous 
fermentation.  But  whether  this  effect  is  due  to  the  fungi  them- 
selves, or  to  the  peculiar  state  of  the  albuminous  matter  in  which 
they  occur,  is  a  question  not  yet  decided.  The  investigation  is 
attended  with  peculiar  difficulties,  arising  chiefly  from  the  uni- 
versal diffusion  of  the  germs  of  these  minute  organisms,  which  are 
present  not  only  in  all  decaying  albuminous  matter,  and  on  the 
skins  of  fruits,  leaves,  and  other  parts  of  plants,  but  are  likewise 
diffused  through  the  air;  so  that  in  experiments  made  for  the 
purpose  of  ascertaining  whether  fermentation  can  take  place  with- 
out them,  it  is  extremely  difficult  to  ensure  their  complete  ex- 
clusion from  the  substances  xmder  examination* 
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Ethyl  Chloride,  or  Chlorethane,  C2H6C1,  or  C  {  H2  ,  often 

(ci 

called  Hydrochloric  ether.  —  To  prepare  this  compound,  rectified 
spirit  of  wine  is  saturated  with  dry  hydrochloric  acid  gas,  and 
the  product  distilled  at  a  very  gentle  heat ;  or  a  mixture  of  3  parts 
od  of  vitriol  and  2  parts  of  alcohol  is  poured  upon  4  parts  of  dry 
common  salt  in  a  retort,  and  heat  applied;  in  either  case  the 
vapour  of  the  hydrochloric  ether  shoidd  be  conducted  through 
a  little  tepid  water  in  a  wash-bottle,  and  thence  into  a  small 
receiver  surrounded  by  ice  and  salt.  It  is  purified  from  adhering 
water  by  contact  with  a  few  fragments  of  fused  calcium  chloride. 
Hydrochloric  ether  is  a  thin,  colourless,  and  excessively  volatile 
liquid,  of  a  penetrating,  aromatic,  and  somewhat  alliaceous  odour. 
At  the^freezing  point  of  water,  its  sp.  gr.  is  0-921,  and  it  boils 
at  12-5°:  it  is  soluble  in  10  parts  of  water,  is  but.  incompletely 
decomposed  by  solution  of  silver  nitrate  when  the  two  are  heated 
together  m  a  sealed  tube,  but  is  quickly  resolved  into  potassium 
chloride  and  ethyl  alcohol  by  a  hot  aqueous  solution  of  caustic 
potash  ; 

C2H5C1   +    KOH    =    KOI    +  C2H6OH. 

With  alcoholic  potash,  on  the  other  hand,  or  potassium  ethylate, 
it  yields  ethyl  oxide,  or  common  ether : 

C2H5C1    +    C2H5OK    =    KC1    +  (C2H6)20. 

*  See  the  article  "Fermentation, "in  Watts's  "Dictionary  of  Chemistry," 
vol.  ii.  p.  623. 
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Heated  with  soda-lime,  it  yields  ethene  or  olefiant  gas : 

2C2H5C1    +    Na20    =    2NaCl    +    H20    +  C2H4. 

When  vapour  of  ethyl  chloride  is  mixed  with  chlorine  gas  in  a 
vessel,  exposed  first  to  diffused  daylight,  and  afterwards  to  direct 
sunshine,  hydrochloric  acid  is  formed,  and  the  chlorine  displaces 
oue  atom  of  hydrogen  in  the  ethyl  chloride,  producing  monochlori- 
nated  ethyl  chloride,  or  dichlorethane,  C2H4C12,  a  colourless,  oily 
liquid,  isomeric  with  ethene  chloride  or  Dutch  liquid.  By  the 
prolonged  action  of  chlorine  in  excess,  the  compounds  C^CLj, 
C2H2C14,  C2HC15,  and  C2C16,  are  produced,  the  last  of  which  is  a 
crystalline  body,  identical  with  the  carbon  trichloride  produced  by 
the  action  of  chlorine  on  Dutch  liquid. 

Ethyl  Bromide,  or  Bromethane,  C2H5Br,  also  called  Hy- 
drobromic  ether,  is  prepared  by  distilling  a  mixture  of  8  parts 
bromine,  1  part  phosphorus,  and  39  parts  alcohol.  It  is  a  very 
volatile  liquid,  heavier  than  water,  having  a  penetrating  taste  and 
odour,  boiling  at  41°. 

Ethyl  Iodide,  or  Iodethane,  C2H5I,  also  called  Eydriodic 
ether,  may  be  conveniently  prepared  with  5  parts  of  phosphorus, 
70  parts  of  alcohol  (of  0'84  sp.  gr.),  and  100  parts  of  iodine.  The 
phosphorus  is  introduced  into  a  tubulated  retort,  covered  with 
part  of  the  alcohol,  and  heated  to  fusion.  The  rest  of  the  alcohol 
is  poured  upon  the  iodine,  and  the  solution  thus  obtained  is  allowed 
to  flow  gradually  through  a  tap-funnel  into  the  retort.  The  brown 
liquid  is  at  once  ■  decolorised,  and  ethyl  iodide  distils  over,  which 
is  condensed  by  a  good  cooling  apparatus.  The  distillate,  consist- 
ing of  alcohol  and  ethyl  iodide,  is  again  poured  on  the  residuary 
iodine,  which  is  thus  rapidly  dissolved,  introduced  into  the  retort, 
and  ultimately  entirely  converted  into  ethyl  iodide.  The  latter  is 
washed  with  water  to  remove  adhering  alcohol,  separated  from 
this  water  by  a  tap-funnel,  digested  with  calcium  chloride,  and 
rectified  in  the  water-bath.  Ethyl  iodide  may  also  be  formed  by 
heating  in  a  sealed  glass  vessel  a  mixture  of  hydriodic  acid  and 
olefiant  gas.  It  is  a  colourless  liquid,  of  penetrating  ethereal 
odour,  having  a  density  of  1-92,  and  boiling  at  72°.  It  becomes 
red  by  exposure  to  light,  from  a  commencement  of  decomposition. 
This  substance  has  become  highly  important  as  a  source  of  ethyl 
and  from  its  remarkable  deportment  with  ammonia,  which  will 
be  discussed  in  the  Section  on  Organic  Bases. 

Ethyl  Oxide,  or  Ethylic  ether,  C4H10O  =  C2H5(OC,H5)  = 
(C,H6)20.  This  compound,  also  called  common  ether,  or  simply 
ether,  contains  the  elements  of  2  molecxdes  of  alcohol  minus 
1  molecule  of  water : 

2C2H0O    -    H20    =  C4H10O; 

and  it  is  in  fact  produced  by  the  action  of  various  dehydrating 
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agents,  such  as  zinc  chloride,  phosphoric  oxide,  and  strong  sul- 
phuric acid,  upon  alcohol.  The  process  does  not  appear,  however 
td  be  one  of  direct  dehydration,  at  least  in  the  case  of  sulphuric 
acid ;  for  when  that  acid  is  heated  with  alcohol  to  a  certain  tem- 
perature, it  does  not  become  weaker  by  taking  water  from  the 
alcohol,  but  ether  and  water  distil  over  together,  and  the  sulphuric 
acid  remains  in  its  original  state,  ready  to  act  in  the  same  manner 
i  m  a  fresh  portion  of  alcohol.  The  reaction  is  in  fact  one  of  sub- 
stitution, the  ultimate  result  being  the  conversion  of  alcohol, 
C,H.(OH),  into  ether,  C2H5(OC2H5),  by  the  substitution  of  ethyl 
for  hydrogen.  The  manner  in  which  this  takes  place  will  be 
better  understood  when  another  mode  of  the  formation  of  ether 
has  been  explained. 

"When  a  solution  of  sodium  ethylate,  NaOC2H5,  in  anhydrous 
alcohol,  obtained  by  dissolving  sodium  to  saturation  in  that  liquid, 
is  mixed  with  ethyl  iodide,  double  decomposition  takes  place, 
resulting  in  the  formation  of  sodium  iodide  and  ethyl  oxide  : 

NaOC2H6    +    C2H5I    =    Nal    +  C2H6(OC2H5). 

The  result  would  be  the  same  if  chloride  or  bromide  of  ethyl  were 
substituted  for  the  iodide :  moreover,  when  methyl  iodide  is 
added,  instead  of  the  ethyl  iodide,  an  oxygen-ether  is  formed  con- 
taining both  ethyl  and  methyl : 

NaOC2H6    +    CH3I    =    Nal    +  C2H5OCH3. 

Sodium  ethylate.  Methyl  Ethyl-methyl 

iodide.  ether. 

In  each  case  the  reaction  consists  in  an  interchange  between  the 
sodium  and  the  alcohol-radical. 

Now,  when  alcohol  is  heated  with  strong  sulphuric  acid,  the 
firs!  result  is  the  formation  of  ethylsulphuric  acid,  SO,(OC2H5)OH, 
by  substitution  of  ethyl  for  hydrogen  in  the  acid : 

S02(OH)(OH)  +  C2H5(OH)  =  H(OH)  +  S02(OC2H5)(OH) ; 

Sulphuric  Alcohol.  Water.  Ethylsulphuric 

aci<1-  acid. 

and  when  the  ethylsulphuric  acid  thus  formed  is  brought  in  con- 
tact, at  a  certain  temperature,  with  a  fresh  portion  of  alcohol,  the 
reverse  substitution  takes  place,  resulting  in  the  formation  of 
ethyl  oxide  and  sulphuric  acid : 

S02(OC2H.)(OH)  +  CaHfi(OH)  =  C2H5OC2H5  +  S02(OH)2 

Ethylsulphuric  Alcohol.  Ether.  Sulphuric 

acid.  (lcl(K 

Tin'  sulphuric  acid  is  thus  reproduced  in  its  original  state,  and  if 
the  supply  of  alcohol  be  kept  up,  and  the  temperature  maintained 
within  certain  limits,  the  same  scries  of  actions  is  continually 
pP&ited,  and  ether  and  water  distil  over  together. 
Ihe  most,  favorrrable  temperature  for  etherilication  is  between 
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127°  and  154°  C.  (260°  and  310°  F.) ;  below  127°  very  little  ether 
is  produced,  and  above  154°  a  different  reaction  takes  place,  result- 
ing in  the  formation  of  defiant  gas.  The  maintenance  of  the 
temperature  within  the  ether-producing  limits  is  best  effected  by 
boiling  the  mixture  of  sulphuric  acid  and  alcohol  in  a  flask  into 
which  a  further  quantity  of  alcohol  is  supplied  in  a  continuous 
and  regulated  stream.  This  is  called  the  continuous  ether 
process. 

A  wide-necked  flask  a  (fig.  159),  is  fitted  with  a  sound  cork 
perforated  by  three  apertures,  one  of  which  is  destined  to  receive 
a  thermometer  with  the  graduation  on  the  stem  ;  a  second,  the 
vertical  portion  of  a  long,  narrow  tube,  terminating  in  an  orifice 
of  about  of  an  inch  in  diameter  ;  and  the  third,  a  wide  bent 
tube,  c,  connected  with  the  condenser,  to  carry  off  the  volatilised 
products.  A  mixture  is  made  of  8  parts  by  weight  of  concentrated 
sulphuric  acid,  and  5  parts  of  rectified  spirit  of  wine,  of  about 
0-834  sp.  gr.  This  is  introduced  into  the  flask,  and  heated  by  a 
lamp.  The  liquid  soon  boils,  and  the  thermometer  very  shortly 
indicates  a  temperature  of  140°  C.  (284°  F.).  'When  this  happens, 
alcohol  of  the  above  density  is  suffered  slowly  to  enter  by  the 
narrow  tube,  which  is  put  into  communication  with  a  reservoir  6, 
of  that  liquid,  consisting  of  a  large  bottle  perforated  by  a  hole 
near  the  bottom,  and  furnished  with  a  small  brass  stopcock  fitted 
by  a  cork  :  the  stopcock  is  secured  to  the  end  of  the  long  tube  ^ 
by  a  caoutchouc  connector.  As  the  tube  passes  nearly  to  the 
bottom  of  the  flask,  the  alcohol  gets  thoroughly  mixed  with  the 
acid  liquid,  the  hydrostatic  pressure  of  the  fluid  column  being 
sufficient  to  ensure  the  regularity  of  the  flow  ;  the  quantity  is 
easily  adjusted  by  the  aid  of  the  stopcock.  For  condensation  a 
Liebig's  condenser  may  be  used,  supplied  with  ice-water. 

The  intensity  of  the  heat,  and  the  supply  of  alcohol,  must  be 
so  adjusted  that  the  thermometer  may  remain  at  140°,  or  as 
near  that  temperature  as  possible,  while  the  contents  of  the  flask 
are  maintained  in  a  state  of  rapid  and  violent  ebullition — a  point 
of  essential  importance.  Ether  and  water  distil  over  together, 
and  collect  in  the  receiver,  forming  two  distinct  strata  :  the  mix- 
ture slowly  blackens,  from  some  slight  secondary  action  of  the 
acid  upon  the  spirit,  or  upon  the  impurities  in  the  latter,  but 
retains,  after  many  hours'  ebullition,  its  etherifying  power- 
unimpaired.  The  acid,  however,  slowly  volatilises,  "partly  in  the 
state  of  oil  of  wine,  and  the  quantity  of  liquid  in  the  flask  is 
found,  after  the  lapse  of  a  considerable  interval,  sensibly  dimin- 
ished. This  loss  of  acid  constitutes  the  only  limit  to  the  duration 
of  the  process,  which  might  otherwise  be  continued  indefinitely. 

On  the  large  scale,  the  flask  may  be  replaced  by  a  vessel  of 
lead,  the  tubes  being  also  of  the  same  metal :  the  stem  of  the 
thermometer  may  be  made  to  pass  air-tight  through  the  cover, 
and  heat  may  perhaps  be  advantageously  applied  by  high-pres- 
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sun-  steam,  or  hot  oil,  circulating  in  a  spiral  tube  of  metal 
immersed  in  the  mixture  of  acid  and  spirit. 

The  crude  ether  is  to  be  separated  from  the  water  on  which  it 
Heats,  agitated  with  a  little  solution  of  caustic  potash,  and  re- 
distilled by  the  heat  of  warm  water.  The  aqueous  portion, 
treated  with  an  alkaline  solution,  and  distilled,  yields  alcohol 

Sometimes  the  spontaneous  separation 


containing  a  little  ether. 


Fig.  159. 


''"'i'tioiie.1  does  not  occur,  from  the  accidental  presence  of 
a  larger  quantity  than  usual  of  undecomposed  alcohol  ;  the  addi- 
tion oJ  a.  little  w  ater:  however,  always  suffices  to  determine  it. 

tire  ethyhc  ether  is  a  colourless,  transparent,  fragrant  liquid, 
very .thin  and  mobile.  Its  sp.  gr.  at  15-5  is  about  0-720;  it  boils 
-•)■(,  '  c.  (96°F.)  under  the  pressure  of  the  atmosphere,  and  bears 
witnout  freezing  the  severest,  cold.  When  dropped  on  the  hand 
";  occasions  a  sharp  sensation  of  cold,  from  its  rapid  volatilisation. 
'•'hl'i'  is  very  combustible,  and  burns  with  a  while  flame,  generat- 
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ing  water  and  carbon  dioxide.  Although  the  substance  itself  is 
one  of  the  lightest  of  liquids,  its  vapour  is  very  heavy,  having  a 
density  of  2-586  (referred  to  air).  Mixed  with  oxygen  gas,  and 
fired  by  the  electric  spark,  or  otherwise,  it  explodes  with  the 
utmost  violence.  Preserved  in  an  imperfectly  stopped  vessel, 
ether  absorbs  oxygen,  and  becomes  acid  from  the  production  of 
acetic  acid :  this  attraction  for  oxygeu  is  increased  by  elevation  of 
temperature.  It  is  decomposed  by  transmission  through  a  red-hot 
tube  into  ethene,  methane,  aldehyde,  and  ethine,  and  two  sub- 
stances yet  to  be  described. 

Ether  is  rniscible  with  alcohol  in  all  proportions,  but  not  with 
water ;  it  dissolves  to  a  small  extent  in  that  liquid,  10  parts  of 
water  taking  up  about  1  part  of  ether.  It  may  be  separated  from 
alcohol,  provided  the  quantity  of  the  latter  is  not  excessive,  by 
addition  of  water,  and  in  this  manner  samples  of  commercial  ether 
may  be  conveniently  examined.  Ether  dissolves  oily  and  fatty 
substances  generally,  and  phosphorus  to  a  small  extent,  also  a  few 
saline  compounds  and  some  organic  principles;  but  its  powers 
in  this  respect  are  much  more  limited  than  those  of  alcohol  or 
water. 

Anhydrous  ether,  subjected  to  the  action  of  chlorine,  yields  the 
three  substitution-products  C4H8C120,  C4HBC140,  and  C4C1100, 
the  first  two  of  which  are  liquids,  while  the  third,  produced  by  the 
prolonged  action  of  chlorine  on  ether  in  sunshine,  is  a  crystalline^ 
solid.  The  second  chlorine  compound  is  converted  by  hydrogen 
sulphide  into  the  two  crystalline  compounds  C4H6C12S0  and 
04HqS20. 

Ethyl-methyl  oxide,  Ethyl-methyl  ether,  Ethyl  methylate,  or  Methyl 
ethylate,  C2HsO  =  C2H6OCH3,  is  produced,  as  already  mentioned, 
by  the  action  of  methyl  iodide  on  potassium  ethylate,  or  of  ethyl 
iodide  on  potassium  methylate.  It  is  a  very  inflammable  liquid, 
boiling  at  11°. 

Ethyl  Nitrate,  C2H5N03,  or  C2H5ON 02.  —  Nitric  ether.— 
When  nitric  acid  is  heated  with  alcohol  alone,  part  of  the  alcohol 
is  oxidised,  and  the  nitric'acid  is  reduced  to  nitrous  acid,  which, 
with  the  remainder  of  the  alcohol,  forms  ethyl  nitrite,  C2H,N  Oo, 
together  with  other  products ;  but  by  adding  urea  to  the  liquid, 
which  decomposes  the  nitrous  acid  as  fast  as  it  is  formed,  this 
action  may  be  prevented,  and  the  alcohol  and  nitric  acid  then 
form  ethyl  nitrate.  The  experiment  is  most  safely  conducted  on 
a  small  scale,  and  the  distillation  must  be  stopped  when  seven- 
eighths  of  the  whole  have  passed  over ;  a  little  water  added  to  the 
distilled  product  separates  the  nitric  ether.  Nitric  ether  boils  ai 
85°  or  86°,  and  has  a  density  of  1-112  ;  it  is  insoluble  in  water,  ha? 
an  agreeable  sweet  taste  and  odour,  and  is  not  decomposed  by  ftii 
aqueous  solution  of  caustic  potash,  although  that  substance  dissolve*  1 
in  alcohol  attacks  it  even  in  the  cold,  with  production  of  potas- 
sium nitrate.    Its  vapour  is  apt  to  explode  when  strongly  heated. 
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Ethyl  Nitrite,  G2H5N02. — Nitrous  ether. — Pure  nitrous  ether 
can  only  be  obtained  by  the  direct  action  of  the  acid  itself  upon 
alcohol.  1  part  of  starch  and  10  parts  of  nitric  acid  are  gently 
heated  in  a  capacious  retort  or  flask,  and  the  vapour  of  nitrous 
acid  thereby  evolved  is  conducted  into  alcohol  mixed  with 
half  its  weight  of  water,  contained  in  a  two-necked  bottle,  which 
is  to  be  plunged  into  cold  water  and  connected  with  a  good  con- 
densing arrangement.  Rise  of  temperature  must  be  carefully 
avoided.  The  product  of  this  operation  is  a  pale-yellow  volatile 
liquid,  having  an  exceedingly  agreeable  odour  of  apples :  it  boils  at 
16  "4°,  and  has  a  density  of  0-947.  It  is  decomposed  by  potash, 
without  darkening,  into  potassium  nitrite  and  alcohol. 

The  sweet  spirits  of  nitre  of  pharmacy,  prepared  by  distilling 
three  pounds  of  alcohol  with  four  ounces  of  nitric  acid,  is  a  solu- 
tion of  nitrous  ether,  aldehyde,  and  several  other  substances,  in 
spirits  of  wine. 

Ethyl  Sulphates. — There  are  two  of  these  ethers,  correspond- 
ing to  the  methyl  sulphates. 

Acid  Ethyl  sulphate,  Ethylsulphuric  acid,  or  Sulphovinic  acid, 
C2H6S04 = C2H5OS03H = S02(OC2H6)(OH) = S04(C2H6)H,  which 
has  the  composition  of  sulphuric  acid,  S04H2,  with  half'  the  hydro- 
gen replaced  by  ethyl,  is  formed  by  the  action  of  sulphuric  acid 
upon  alcohol.  To  prepare  it,  strong  rectified  spirit  of  wine  is 
mixed  with  twice  its  weight  of  concentrated  sulphuric  acid :  the. 
mixture  is  heated  to  its  boiling  point,  and  then  left  to  cool.  When 
cold,  it  is  diluted  with  a  large  quantity  of  water,  and  neutralised 
with  chalk,  whereby  much  calcium  sulphate  is  produced.  The 
mass  is  placed  upon  a  cloth  filter,  drained,  and  pressed ;  and  the 
clear  solution  is  evaporated  to  a  small  bulk  by  the  heat  of  a  water- 
bath,  filtered  from  a  little  sulphate,  and  left  to  crystallise :  the 
product  is  calcium  ethylsulphate,  in  beautiful,  colourless,  trans- 
parent crystals,  containing  Ca"(C2Hs)2(S04)2.2H20.  They  dissolve 
in  an  equal  weight  of  cold  water,  and  effloresce  in  a  dry  atmo- 
sphere. 

Barium  ethylsulphate,  Ba"(C2H5)2S04.2H20,  equally  soluble, 
and  still  more  beautiful,  may  be  produced  by  substituting,  in  the 
above  process,  barium  carbonate  for  chalk:  from  this  substance 
the  acid  may  be  procured  by  exactly  precipitating  the  base  with 
dilute  sulphuric  acid,  and  evaporating  the  filtered  solution  in  a 
vacuum  at  the  temperature  of  the  air.  It  forms  a  sour,  syrupy 
liquid,  in  which  sulphuric  acid  cannot  be  recognised  by  the  ordi- 
nary reagents,  and  is  very  easily  decomposed  by  heat,  and  even  by 
long  exposure  in  the  vacuum  of  the  air-pump.  All  the  ethylsul- 
pliates  are  soluble;  the  solutions  are  decomposed  by  boiling.  The 
lead-salt  resembles  the  barium-compound.  The  potassium  salt, 
K(C2H5)S04 — easily  made  by  decomposing  calcium  ethylsulphate 
wiih  potassium  carbonate — is  anhydrous,  permanent  in  the  air, 
Very  soluble,  and  crystallises  well. ' 
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Potassium  ethylsulphate  distilled  with  concentrated  sulphuric 
acid,  gives  ether;  with  dilute  sulphuric  acid,  alcohol;  and  with 
strong  acetic  acid,  acetic  ether.  The  ethylsulphates  heated  with 
calcium  or  harium  hydrate,  yield  a  sulphate  of  the  hase  and 
alcohol. 

Isethionic  acid,  C2H0SO4,  an  acid  isomeric  with  ethylsul- 
phuric  acid,  is  obtained,  as  already  observed,  by  boiling  ethionic 
acid  (p.  574)  with  water ;  also  by  the  prolonged  action  of  strong 
sulphuric  acid  or  sulphuric  oxide  on  alcohol  or  ether,  and  is  found 
among  the  residues  of  the  preparation  of  ether.  It  is  a  viscid, 
strongly  acid  liquid,  which  decomposes  acetates  and  common  salt, 
bears  without  decomposition  a  heat  of  150°,  but  blackens  at  a 
higher  temperature. 

The  metallic  isethionates  are  soluble  and  crystallisable,  and  are 
distinguished  from  the  ethylsulphates,  with  which  they  are  iso- 
meric, by  their  much  greater  stability,  most  of  them  sustaining, 
without  alteration,  a  temperature  of  200°. 

Potassium  isethionate,  C2H6KS04,  distilled  with  phosphorus 
pentachloride,  yields  isethionic  chloride,  C2H4S02C12;  and 
this  compound,  heated  in  sealed  tubes  with  ammonia,  is  converted 
into  taurine,  a  neutral  crystallisable  substance  likewise  obtained 
from  bile : 

C2H4S02C12    +    NH3    +    H20   =  2HC1    +  C2H7NS03 

Isethionic  Taurine, 
chloride. 

Taurine,  treated  with  nitrous  acid,  is  reconverted  into  isethionic 
acid. 

Neutral  Ethyl  sulphate,  (C2H5)2S04,  or  S02(OC2H,)2,  is  formed 
by  passing  the  vapour  of  sulphuric  oxide  into  perfectly  anhydrous 
ether.  A  syrupy  liquid  is  produced,  which,  when  shaken  with 
4  vols,  of  water  and  1  vol.  of  ether,  separates  into  two  layers,  the 
lower  containing  ethylsulphuric  acid  and  various  other  compounds, 
while  the  upper  layer  consists  of  an  ethereal  solution  of  neutral 
ethyl  sulphate.  At  a  gentle  heat  the  ether  is  volatilised,  and  the 
ethyl  sulphate  remains  as  a  colourless  liquid.  It  cannot  be  dis- 
tilled without  decomposition. 

Ethyl  Sulphites. — The  acid  sulphite,  or  Ethylsulphurous  acid, 
(C^H^HSOg,  is  produced  by  the  action  of  nitric  acid  on  ethyl 
sulphydrate  or  sulphocyanate.  When  concentrated  by  evapora- 
tion it  is  a  heavy  oil  of  specific  gravity  1'30.  It  is  a  monobasic 
acid,  forming  crystallisable  salts,  which  decompose  when  heated, 
giving  off  sulphurous  oxide. — Neutral  Ethyl  sulphite,  (C2H5)2SO:!, 
is  obtained  by  adding  absolute  alcohol  in  excess  to  chlorine  bisul- 
phide (p.  210).  Hydrochloric  acid  is  evolved,  and  sulphur  de- 
posited, while  the  ethyl  sulphite  distils  as  a  limpid  strongly- 
smelling  liquid,  of  sp.  gr.  1-085,  boiling  at  170°;  it  is  slowly 
decomposed  by  water. 
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Ethyl  Phosphates. — Three  ethyl  orthophosphates  have  heen 
obtained,  two  acid  and  one  neutral,  analogous  in  composition  to 
the  sodium  phosphates ;  also  a  neutral  pyrophosphate. 

Monethylic  Phosphate,  or  Ethylphosphoric  acid,  (C2H.)H2P04,  or 
(PO)"'(OC._>Hs)(OH)2,  also  called  Phosphovinic  acid. — This  acid  is 
Dibasic.  Its  barium  salt  is  prepared  by  heating  to  82°  a  mixture 
of  equal  weights  of  strong  alcohol  and  syrupy  phosphoric  acid, 
diluting  this  mixture,  alter  the  lapse  of  24  hours,  with  water,  and 
neutralising  with  barium  carbonate.  The  solution  of  ethylphos- 
phate,  separated  by  filtration  from  the  insoluble  phosphate,  is 
evaporated  at  a  moderate  temperature.  The  salt  crystallises  in 
brilliant  hexagonal  plates,  which  have  a  pearly  lustre,  and  are 
more  soluble  in  cold  than  in  hot  water ;  it  dissolves  in  15  parts  of 
water  at  20°.  The  crystals  contain  (^H^Ba'TO^eHgO.  From 
this  salt  the  acid  may  be  obtained  by  precipitating  the  barium 
with  dilute  sulphuric  acid,  and  evaporating  the  filtered  liquid  in 
the  vacuum  of  the  air-pump  :  it  forms  a  colourless,  syrupy  liquid, 
of  intensely  sour  taste,  sometimes  exhibiting  appearances  of  crys- 
tallisation. It  is  very  soluble  in  water,  alcohol,  and  ether,  and 
easily  decomposed  by  heat  when  in  a  concentrated  state.  The 
ethylphosphates  of  calcium,  silver,  and  lead  are  but  slightly 
soluble ;  those  of  the  alkali-metals,  magnesium,  and  strontium, 
are  freely  soluble. 

Diethylic  Phosphate,  or  Diethylphosphoric  acid,  (C2H5)2HP04,  or 
(PO)'"(OC2H6)2(OH),  is  a  monobasic  acid,  obtained,  together  with 
the  preceding,  by  the  action  of  syrupy  phosphoric  acid  upon 
alcohol.  Its  barium,  silver,  and  lead-salts  are  more  soluble  than 
the  methyl-phosphates.  The  calcium  salt,  (C2H5)4Ca"(P04)2,  and 
the  lead-salt,  (C2Hft),Pb"(P04)„,  are  anhydrous. 

Triethylic  Phosphate,  (C2H6)"3P04,  or  (PO)/"(OC2HB)3,  is  obtained 
in  small  quantity  by  heating  the  lead-salt  of  diethylphosphoric 
acid  to  100°,  more  easily  by  the  action  of  ethyl-iodide  on  triargentic 
phosphate,  or  of  phosphorus  oxychloride  on  sodium  ethylate  : 

3C,H.ONa    4-    (P0)'"C13    =    3NaCl    +    (PO)'"(OC2H5)3 . 

It  is  a  limpid  liquid  of  sp.  gr.  1-072  at  12°,  boiling  at  215°,  soluble 
in  alcohol  and  ether,  and  also  in  water,  by  which  however  it  is 
slowly  decomposed. 

Tetrethylic  Pyrophosphate,  (C2H6)4P207,  produced  by  the  action 
of  ethyl  iodide  on  argentic  pyrophosphate,  is  a  viscid  liquid  of  sp. 
gr.  1 172  at  17°,  decomposed  by  potash,  with  formation  of  potassium 
diethyl  phosphate. 

Ethyl  Borates.— Triethylic  Borate,  (C2H5)3B03,  is  formed  by 
the  action  of  boron  trichloride  on  alcohol  : 

3C2H8(OH)    +    BC18    =    3HC1    +    (C2H6)3B03 ; 

also  together  with  monethylic  borate,  by  heating  boric  oxide  with 
absolute  alcohol. 
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It  is  a  thin  limpid  liquid,  of  agreeable  odour,  sp.  gr.  0-885,  boil- 
ing  at  119°,  decomposed  by  water.  Its  alcoholic  solution  burns 
with  a  green  flame,  throwing  off  a  thick  smoke  of  boric  acid. 
Treated  with  zinc-ethyl  (p.  590)  it  yields  borethyl,  B(C2H6)3,  a 
colourless,  mobile,  pungent,  spontaneously  inflammable  liquid, 
having  a  sp.  gr.  of  0696,  and  boiling  at  95°. 

Monethylic  Borate,  C2H5B02,  is  a  dense  inodorous  liquid,  having 
at  120°  the  consistence  of  oil  of  vitriol.  It  cannot  be  distilled 
without  decomposition,  being  resolved  at  high  temperatures 
into  triethylic  borate  and  monethylic  triborate  C2H5B,05  or 
C2H6B02.B203 : 

4(C2H5)B02    =    (C2H5)3B03    +  (C2H5)B305. 

The  latter  remains  as  a  mass  resembling  gum-arabic ;  it  attracts 
moisture  from  the  air,  and  becomes  covered  with  a  crust  of  boric 
acid. 

Ethyl  Silicates.  —  Tetrethylic  silicate,  (C2H5)4Si04,  or 
Sii'(OC2H6)4,  is  produced  by  treating  silicic  chloride  with  a  small 
quantity  of  anhydrous  alcohol : 

4C2H5OH    +    SiCl4    =    4HC1    4-  Si(OC2H6)4. 

It  is  a  colourless  liquid,  having  a  rather  pleasant  ethereal  odour, 
and  strong  peppery  taste  ;  sp.  gr.  0-993  at  20°.  It  boils  without 
decomposition  between  165°  and  166°,  and  when  set  on  fire  burns 
with  a  dazzling  flame,  diffusing  a  white  smoke  of  finely  divided 
silica.  It  is  decomposed  slowly  by  water,  quickly  by  ammonia 
and  the  fixed  alkalis. 

Silicic  ethers  containing  ethyl  and  methyl,  and  ethyl  and  amyl, 
have  likewise  been  obtained. 

The  ethylic  ethers  of  organic  acids  (carbon  acids)  will  be  described 
in  connection  with  those  acids. 

Ethyl  Sulphydrate  or  Mercaptan,  C,H5SH. — This  com- 
pound, the  sulphur  analogue  of  ethyl  alcohol,  is  produced, 
analogously  to  methyl  sulphydrate  (p.  570),  by  the  action  of 
potassium  sulphydrate  on  calcium  ethylsulphate.  A  solution  of 
caustic  potash  of  sp.  gr.  T28  or  1*3,  is  saturated  with  sulphuretted 
hydrogen,  and  mixed  in  a  retort  with  an  equal  volume  of  solution 
of  calcium  ethylsulphate  of  the  same  density.  The  retort  is  con- 
nected with  a  good  condenser,  and  heat  is  applied  by  means  of  a 
bath  of  salt  and  water.  Mercaptan  and  water  distil  over  together, 
and  are  easily  separated  by  a  tap-funnel.  The  product  thus 
obtained  is  a  colourless,  limpid  liquid,  of  sp.  gr.  0-842,  slightly 
soluble  in  water,  easily  miscible  with  alcohol.  It  boils  at  36°. 
The  vapour  of  mercaptan  has  a  most  intolerable  odour  of  onions, 
which  adheres  to  the  clothes  and  person  with  great  obstinacy  :  it 
is  very  inflammable,  and  burns  with  a  blue  flame. 

When  mercaptan  is  brought  in  contact  with  mercuric  oxide, 
even  in  the  cold,  violent  reaction  ensues,  water  is  formed,  and  a 
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white  substance  is  produced,  soluble  in  alcohol,  and  separating 
from  that  liquid  in  distinct  crystals  which  contain  (C2H5)2Hg"S.,. 
This  compound  is  decomposed  by  sulphuretted  hydrogen,  mercuric 
sulphide  being  thrown  down,  and  mercaptan  reproduced.  By 
adding  solutions  of  lead,  copper,  sdver,  and  gold  to  an  alcoholic 
solutiou  of  mercaptan,  corresponding  compounds  containing  those 
metals  are  formed.  Caustic  potash  produces  no  effect  upon  mer- 
captan, but  potassium  displaces  hydrogen,  and  gives  rise  to  a 
crystallisable  compound,  C2H5SK,  soluble  in  water.  Sodium  acts 
in  a  similar  manner. 

Ethyl  Sulphides — Three  of  these  compounds  have  been  ob- 
tained, analogous  in  composition  to  the  methyl  sidphides,  and 
produced  by  sindlar  reactions.  The  monsulphide,  (C2Hb\S,  or 
C2H6SCoH3,  is  a  colourless  oily  liquid,  having  a  very  pungent 
alliaceous  odour,  a  specific  gravity  of  0-825  at  20°,  and  boiling  at 
72°.  It  is  very  inflammable,  and  burns  with  a  blue  flame.  When 
poured  into  chlorine  gas,  it  takes  fire  ;  but  when  dry  chlorine  is 
passed  into  a  flask  containing  it,  not  at  first  into  the  liquid,  the 
vessel  being  kept  cool  and  in  the  shade,  substitution -products  are 
formed  and  hydrochloric  acid  is  copiously  evolved.  The  product 
consists  chiefly  of  dichlorethylic  sulphide,  (C2H4C1)2S.  If 
the  action  takes  place  in  diffused  daylight,  and  without  external 
cooling,  the  compounds  (C2H2C13)2S  and  (C2HC14)2S  are  obtained, 
which  may  be  separated  by  fractional  distillation,  the  first  boiling 
between  189°  and  192°,  the  second  between  217°  and  222°.  The 
action  of  chlorine  on  ethyl  sidphide  in  sunshine  yields  a  more 
highly  chlorinated  compound,  probably  (C2C15)2S. 

Ethyl  bisulphide,  (C2H5)2S2,  obtained  by  distilling  potassium  bi- 
sulphide with  potassium  ethylsulphate  or  with  ethyl  oxalate,  is  a 
colourless  oily  liquid,  very  inflammable,  boding  at  151°.  The 
bisulphide,  (C2H5)2S3,  is  a  heavy  oily  liquid,  obtained  by  acting  in 
Bee  manner  on  potassium  pentasulphide. 

Triethyl  sulphurous  Compounds. — When  ethyl  monosul- 
phide  and  ethyl  iodide  are  heated  together,  they  unite  and  form 
sul  phurous  iodotriethide,  (C2H6)2S .  C2H5I,  or  S'^CgH^I, 
which  crystallises  in  needles.  The  same  compound  is  formed  by 
the  action  of  ethyl  iodide  on  ethyl  sulphydrate  : 

2C2H6I    +   C2H6SH    =    HI    +  S(C2H6)3I, 

or  of  hydrogen  iodide  on  ethyl  monosulphide  : 

HI    +    2(C2H5)2S    =    C2H6SH    +  S(C2I-W. 

Sulphurous  iodotriethide  is  insoluble  in  ether,  slightly  soluble  in 
alcohol,  and  crystallises  from  the  solution  in  white  deliquescent 
needles  belonging  to  the  monoclinic  system.  It  unites  with 
metallic  chlorides. 

•  Ethyl  chloride  and  ethyl  bromide  unite  in  like  manner,  but  less 
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readily,  with  ethyl  sulphide,  forming  the  compounds  S(C2HS)3C1 
and  S(C2H5)3Br,  both  of  which  crystallise  in  needles. 

By  treating  the  iodine-compound  with  recently  precipitated 
silver  oxide,  a  strongly  alkaline  solution  is  obtained,  which  dries 
up  over  oil  of  vitriol  to  a  crystalline  deliquescent  mass,  consisting 
of  sulphurous  trie  thy  1-hydroxy late,  (C2H5)3S(OH).  The 
solution  of  this  substance  dissolves  the  skin  like  caustic  potash, 
and  forms  similar  precipitates  with  various  metallic  salts.  It 
neutralises  acids,  forming  definite  crystallisable  salts,  e.g.,  the 
nitrate,  (C2H,)3S(ON02),  the  acetate,  (C2H5)3S(OC2H30),  &c. 

The  formulae  of  these  compounds  show  that  sulphur  is  at  least 
quadrivalent  (p.  259). 

Other  compounds,  in  which  the  sulphur  may  be  regarded  as 
sexvalent,  are  obtained  by  combining  ethyl  sulphide  and  ethene 
sulphide,  S(C2H4),  with  ethene  dibromide;  thus  sulphuric 
diethenc-dibromide,  Svi(C2Hi)"2Br2,  is  formed  by  combination  of 
S(C,H4)  with  (C2H4)Br2,  and  sulphuric  diethyl-ethene-dibromide, 
Sli(C2H5)2(C2H1)"Br2,  by  combination  of  S(C2H5)2  with  (C2H1)Br2. 

Ethyl  Telluride,  Telluric  Ethide  or  Tellurethyl,  Te'XC2H6),. 
— This  compound  is  obtained  by  distilling  potassium  telluride 
with  potassium  ethylsulphate : 

Te"K2    +    2K(C2H5)S04    =    2K2S04    +  Te"(C2H5)2. 

It  is  a  heavy,  oily,  yellowish-red  liquid,  very  inflammable, 
and  having  a  most  intolerable  odour.  It  acts  as  a  bivalent  radical, 
uniting  with  chlorine,  bromine,  oxygen,  &c,  to  form  compounds 
in  which  the  tellurium  enters  as  a  tetrad,  e.g.,  TeiT(C2H5)2Cl2, 
TeiT(C2H5)20",  &c.  The  nitrate  is  obtained  by  treating  tellurethyl 
with  nitric  acid ;  the  other  salts  by  double  decomposition  ;  the 
chloride,  for  example,  settles  down  as  a  heavy  oil,  on  adding 
hydrochloric  acid  to  a  solution  of  the  nitrate.  The  oxide  is  best 
prepared  by  treating  the  chloride  with  water  and  silver  oxide ;  it 
dissolves  in  water,  forming  a  slightly  alkaline  liquid. 

Selenic  Ethide  or  Selenethyl,  Se(C2H5)2,  prepared  like  tel- 
lurethyl, is  also  a  fetid  liquid,  exactly  resembling  the  telhmuui 
compound  in  its  chemical  relations. 

Metallic  Compounds  of  Ethyl. 

Zinc-ethyl  or  Zinc  Ethide,  Zu"(C,H6)2. — This  compound,  dis- 
covered by  Frankland,  is  formed,  together  with  zinc  iodide,  when 
ethyl  iodide  is  heated  with  metallic  zinc  in  a  sealed  glass  tube,  or, 
for  larger  quantities,  in  a  strong  and  well  closed  copper  cylinder : 
2C2H5I  +  Zn2  =  Zul2  +  Zn(C2H5)2.  The  two  products  remain 
combined  together  in  the  form  of  a  white  crystalline  n\ass,  from 
which  the  zinc-ethyl  may  be  separated  by  distillation  in  an  atmo- 
sphere of  hydrogen.  It  is  a  mobile  and  very  volatile  liquid,  hav- 
ing a  disagreeable  odour,  taking  fire  instantly  on  coming  in  contac t 
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with  the  air,  and  diffusing  white  fumes  of  zinc  oxide.  Water 
decomposes  it  violently,  with  formation  of  zinc  hydrate,  and  evolu- 
tion of  ethyl-hydride  : 

Zn(C2H5)2    +    2H20    =    ZnH202    +    2C2HG . 

When  gradually  mixed  with  dry  oxygen,  it  passes  through  two 

stages  of  oxidation,  yielding  first  zinc-ethyl  ethylate,  Zn"  j  q2<?^  ' 

and  finally  zinc-ethylate,  Zn"(OC2H6)2.  With  iodine  and  othe6r 
halogens,  the  reaction  also  takes  place  by  two  stages,  but  consists 
in  the  successive  substitution  of  the  halogen  for  the  ethyl  ■ 
thus :  J  ' 

Zn(C2H5)2    +    I2    =    C2H6I    +  Zn(C,H6)I, 

and 

Zn(C2H\)I   +    I2    =    C2H5I    +  Znl2. 

Zinc  ethide  has  become  a  v.ery  important  reagent  in  organic 
chemistry,  serving  to  effect  the  substitution  of  the  positive  radical 
ethyl  for  chlorine,  iodine,  and  other  negative  elements  in  com- 
pounds, and  thus  enabling  us  to  build  up  carbon  compounds  from 
others  lower  in  the  scale.  Many  examples  of  these  reactions  will 
he  given  further  on.  In  like  manner  it  serves  for  the  preparation 
of  many  other  organo-metallic  bodies.  The  following  equations 
exhibit  the  mode  of  formation  of  mercuric  ethide,  stannic  ethide 
and  triethylarsine  by  means  of  zinc  ethide : 

Zn"(C2Hs)2  +  Hg"Cl2  =  ZnCl,  +  Hg"(C9IL)2 
2Zn"(C2H5)2  +  Sn*CL  =  2ZnCl2  +  Sn^  ClH  ? 
3Zn"(C2H5)2    +    2As'"Cl3    =    3Zn012    +  2As\c2H5V 

Potassium  Ethide,  C2H5K,  and  Sodium  Ethide,  C9ILNa 
are  not  known  in  the  separate  state,  but  only  in  combination  with 
zinc-ethyl.  These  mixed  compounds  are  produced  by  the  action 
ot  potassium  or  sodium  on  zinc-ethyl ;  thus, 


3Zn(C2H6)2    +    Na2    =    Zn    +    2(C2H5)3  j 

These  compounds  and  their  homologues,  discovered  by  Wanklyn 
nave  also  played  an  important  part  in  chemical  synthesis. 

Mercuric  Ethide   Hg"(C2H5)2.-This  compound  is  formed,  as 
already  observed,  by  the  action  of  mercuric  chloride  on  zinc  ethide 
out  it  is  more  easily  prepared  by  the  action  of  sodium-amalgam 
on  ethyl  iodide  in  presence  of  acetic  ether  : 

2C2H5I    +    Na2    +    Hg    =    2NaI    +  Hg(C2Hr,)2. 

The  acetic  ether  takes  no  part  in  the  reaction  :  nevertheless  its 
presence  appears  to  be  essential. 

Mercuric  ethide  is  a  transparent  colourless  liquid,  boiling  at 
lt},)  •  }\  burna  with  a  smoky  flame,  giving  off  a  large  quantity  of 
mercurial  vapour.     Chlorine,  bromine,  and  iodine  remove  one 
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equivalent  of  ethyl  from  this  compound,  and  take  its  place,  form- 
ing mercuric  chlorethide,  &c.  ;  thus, 

Hg(C2H5)2    +    Cl2    =    C2H5C1    +  Hg(C2H6)Cl. 
A  similar  action  is  exerted  by  acids,  e.g.,  "by  hydrohromic  acid  ; 
the  products  being  ethane  and  mercuric  bromethide : 

Hg(C2H5)2    +    HBr    =    C2HB    +  Hg(C2H5)Br. 

The  chlorethide  or  bromethide  is  converted  by  water  into  mer- 
curic ethyl-hydrate,  Hg"(C2H6)(OH).  Mercuric  ethide  serves  for 
the  preparation  of  several  other  organo-metallic  bodies. 

Aluminium  Ethide,  A1'"(C2H5)2  or  (Al2)ri(C2H5)6,  resembles 
the  methyl  compound  (p.  571).  It  boils  at  194°,  and  its  vapour 
likewise  exhibits,  at  temperatures  considerably  above  its  boiling 
point,  a  density  nearly  equal  to  that  required  by  the  formula 
A1(C2H5)3,  for  a  two-volume  condensation. 

Ethyl  Compounds  of  Tin. — Tin  forms  two  ethyl  compounds, 
Sn"(C2H6)2  and  Snw(C2H6)4,  analogous  to  stannous  and  stannic 
chloride  ■  also  a  stannoso-stannous  ethide,  Sn2(C2H5)6,  analogous 
in  constitution  to  ethane,  C2H6.  Stannic  ethide  is  a  saturated 
compound,  but  the  other  two  are  unsaturated  bodies,  capable  of 
uniting  with  chlorine,  bromine,  oxygen,  and  acid  radicals,  and 
being  thereby  converted  into  compounds  of  the  stannic  type. 

Stannous  Ethide,  Sn,/(C2H5)2.— When  ethyl  iodide  and  tinfoil 
are  heated  together  in  a  sealed  glass  tube  to  about  150°  or  180  , 
stannic  iodethide,Snlv(C2H6)2I„is  produced,  crystallising  in  colour- 
less needles.  The  same  compound  is  obtained  when  tin  and  ethyl 
iodide  are  exposed  to  the  rays  of  the  sun  concentrated  by  a  con- 
cave mirror.  The  reaction  is  considerably  facilitated  if  the  tin  be 
alloyed  with  one-tenth  of  its  weight  of  sodium.  This  iodide  is 
decomposed  by  sodium  or  zinc,  which  abstracts  the  iodine  and 
leaves  stannous  ethide  in  the  form  of  a  thick,  oily  liquid,  insoluble 
in  water,  and  having  the  sp.  gr.  1'55.  Stannous  ethide  combines 
directly  with  2  atoms  of  chlorine,  iodine,  and  bromine,  forming 
stannic  chlorethide,  Sn^C-OT^Cl,,  &c.  Exposed  to  the  arr.it 
absorbs  oxygen  and  is  converted  into  stannic  oxethide,  Sn'XC^H^M 
a  whitish,  tasteless,  inodorous  powder,  which  when  treated  with 
oxygen-acids,  yields  well  crystallised  stannic  salts,  such  as 
Sn"(C2H5)2(N03)2,  SniXC2H5)2S04,  &c. 

Stannoso-stannic  Ethide,  Sn2(C2H5)G,  is  always  produced  in 
small  quantity  when  stannous  ethide  is  prepared  by  the  methods 
above  mentioned.  It  is  readily  obtained  in  the  free  state  In- 
digesting  an  alloy  of  1  part  of  sodium  and  5  parts  of  tin  with 
ethyl  iodide,  exhausting  the  mass  with  ether,  evaporating  the 
ethereal  solution,  and  exhausting  the  residue  with  alcohol.  The 
st  innoso-stannic  ethide,  being  insoluble  in  that  liquid,  then  re- 
mains behind.     It  is  a  yellow  oil,  boiling  at  180°,  combining 
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directly  with  chlorine,  bromine,  and  iodine  to  form  two  molecules 
of  a  stannic  compound,  e.g., 

Sn2(C2H5)6    +    Cl2    =  2Sn"(C2Hs)3Cl; 

Stannic  chloro-triethide. 
also  with  oxygen,  forming  distannic  oxy-hexethide,  Sn'"2(C2Hr)60. 
This  oxide  is,  however,  best  obtained  by  distilling  stannic  oxy- 
diethide,  Sniv(C^H6)20  (above  described),  with  potash.  It  is  an  oily 
liquid,  soluble  in  alcohol,  ether,  and  water ;  the  aqueous  solution 
has  a  strong  alkaline  reaction.  It  is  easily  acted  upon  by  oxy»en- 
acids,  yielding  the  corresponding  sulphate,  Sn2(C2H6)6S04,  &c.° 

Stannic  Ethide,  Sn"(C2H6)4,  is  produced  by  the  action  of  zinc 
ethide  on  stannic  chloride;  also  by  the  distillation  of  stannous 
ethide :  2Sn(C2H6)2  =  Sn  +  Sn(C2H6)4.  It  is  a  colourless,  nearly 
odourless  liquid  of  sp.  gr.  119,  boiling  at  181°,  and  very  inflam- 
mable, burning  with  a  highly  luminous  flame.  When  treated 
with  chlorine,  bromine,  &c,  or  with  acids,  it  forms  substitution- 
products:  thus,  with  iodine,  it  splits  up  into  ethyl  iodide  and 
stannic  iodotriethide, 

Sn(C2H.)4    +    I2    =    C2H5I    +  Sn(C2H6)3I, 
with  strong  hydrochloric  acid,  it  yields  ethane  and  stannic  chloro- 
triethide  :  Sn(C2H3)4  +  HC1  =  C2H6  +  Sn(C2H6)3Cl. 

Plumbic  Ethide,  Pb(C2H5)4,  is  produced  by  the  action  of 
plumbic  chloride  on  zinc  ethide  : 

2Zn(C2H6)2  +  2PhCk  =  2ZnCI2  +  Pb  +  Pb(C2H5)4. 
It  is  a  colourless  limpid  liquid,  soluble  in  ether  but  not  in  water. 
It  is  not  acted  upon  by  oxygen  at  ordinary  temperatures,  but 
chlorine,  bromine,  and  iodine  act  violently  upon  it,  in  the  same 
manner  as  on  stannic  ethide,  forming  plumbic  chloro-triethide, 
rD(02H6)3Ll,  &c.  Plumbic  ethide  is  interesting,  as  affording  a 
proof  that  lead  is  really  a  tetrad  (p.  450). 

The  ethylic  compounds  of  phosphorus,  arsenic,  antimony,  and 
wsmutn  will  be  described  in  connection  with  the  nitrogen  bases. 


PROPYL  ALCOHOLS  AND  ETHERS. 

It  has  already  been  observed  that  the  three-carbon  alcohol, 
's*i8U,  is  susceptible  of  two  isomeric  modifications,  namely  • 
CH3 


(  j  CH2CH3 
C <  H2  or 
(OH 


Ah8 
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C 


L2OH 

Normal  propyl  alcohol. 


rcH 

CH 

PI 

OH 


or 


H3C  CH3 

V 
HCJOH 


Isopropyl  alcohol. 

each  of  which  may  give  rise  to  a  corresponding  set  of  ethers  and 
other  derivatives. 

9.  n 
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Normal  Propyl  Alcoliol  was  discovered  by  Chancel  in  1853, 
in  the  fusel-oil  of  the  residues  left  in  the  distillation  of  brandy 
from  wine.  It  may  be  obtained  synthetically  from  ethyl-alcohol 
by  the  following  series  of  processes : — 

1.  Ethyl  cyanide,  C3H5N,  or  CH2CH3.CN  (prepared  by  distil- 
ling a  mixture  of  potassium  cyanide  and  potassium  ethylsul- 
phate,  p.  585),  is  converted  into  propionic  acid,  CH2CH3.COOH, 
by  boibng  with  strong  caustic  potash. 

2.  A  mixture  of  the  calcium  salts  of  propionic  and  formic  acidB 
is  subjected  to  dry  distillation,  whereby  propionic  aldehyde  is 
obtained : 

CH2CH3.COOCa'  +  H.COOCa'*  =  Ca2C03  +  CH2CH3.COH. 

Calcium  propionate.  Calcium  Calcium  Propionic 

formate.  carbonate.  aldehyde. 

3.  The  propionic  aldehyde,  treated  with  water  and  sodium  amal- 
gam, takes  up  2  atoms  of  hydrogen,  and  is  converted  into  normal 
propyl  alcohol : 

CH2CH3.COH    +    H2    =  CH2CH3.CH2OH. 

The  series  of  processes  just  described  affords  a  general  method 
of  biulding  up  the  normal  primary  alcohols  of  the  fatty  group, 
one  from  the  other.  It  has  not,  however,  been  actually  carried 
out  higher  than  the  six-carbon  or  hexyl  alcohol. 

Normal  propyl  alcohol  is  an  oily  liquid,  boiling  at  96°,  and 
having  a  specific  gravity  of  0-8205  at  0°.  By  oxidation  with  a 
mixture  of  sulphuric  acid  and  potassium  dichi'omate,  it  is  con- 
verted into  propionic  acid. 

Normal  propyl  chloride,  C3H7C1,  boils  at  46'5° ;  the  bromide  at 
70°-7l° ;  the  iodide  at  102° ;  the  oxide  (C3Hr)20,  at  85°-86°. 

Isopropyl    Alcohol,    or   Secondary   Propyl  Alcohol, 

CH(CH3)9OH.— This  alcohol  is  prepared,  1.  From  acetone, 
(CO)"(CH3)2,  by  direct  addition  of  hydrogen,  evolved  by  the 
action  of  water  on  sodium  amalgam : 

H3C  CH3  H3C  CH3 

V        +    H2    =        V  • 
CO  HCOH 

This  mode  of  synthesis  affords  direct  proof  of  the  constitution 
of  isopropylic  alcohol,  the  addition  of  the  two  hydrogen-atoms 
being  tantamount  to  the  replacement  of  the  bivalent  radical 
oxygen  by  the  two  monad  radicals,  hydrogen  and  hydroxyl. 

2.  Isopropyl  iodide  is  prepared  by  the  action  of  iodine  ami 
phosphorus  on  glycerin;  this  iodide  is  easily  converted  into  the 
oxalate  or  acetate  by  treatment  with  silver  oxalate  or  acetate  :  and 

*  For  the  sake  of  simplicity,  the  equivalent  (20)  of  calcium  is  used  m 
this  equation,  instead  of  the  atomic  weight. 
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from  either  of  these  ethers  the  alcohol  may  be  obtained  by  distil 
lation  with  potash  or  soda. 

Isopropyl  alcohol  is  a  colourless,  not  very  mobile  liquid,  havincr 
a  peculiar  odour,  a  specific  gravity  of  0-791  at  15°,  boiliiia  at  83° 
*?  84or  ?t 5  barometric  pressure  of  739 millimeters,  notfreezin- 
at  -  20  .    it  does  not  act  on  polarised  light.    It  is  very  difficult  to 
dry,  as  it  mixes  with  water  in  aU  proportions,  and  forms  with  it 
three  definite  and  very  stable  hydrates,  viz.,  3C,H.0.2H.O  boil- 
ing at  78  ^0°;  2C3H8O.H20,  boiling  at  80°;  and^c'S  0  S 
boiling  at  81°    The  second  of  these  hydrates  exhibits  a  very  close 
resemblance  to  ethyl  alcohol,  has  the  same  percentage  composi- 
tion, bods  at  nearly  the  same  temperature,  and  likewise  yields 
acetic  acid  by  oxidation  (see  below) ;  moreover  it  retains  its  water 
of  hydration  so  obstinately,  that  it  does  not  even  change  the  white 
colour  of  anhydrous  cupnc  sulphate  to  blue.    The  readiest  mode 
of  dis tinguishing  between  this  hydrate  and  ethyl  alcohol  is  to 
submit  them  to  the  action  of  iodine  and  phosphorus,  wher  eby  the 
former  is .converted  into  isopropyl  iodide,  the  latter  into  ethyl  iodide 

lhe  characteristic  property  of  isopropyl  alcohol  is  that  it  yields 

"Sa^/rr^JJ^  9^omic  acid,  this  transformSn 

being  the  reverse  of  that  by  which  it  is  produced : 

H3C  CH3  H3C  CH, 

V        +    0    =         V        +    H  0 
HCOH  CO  2 

ad/n?8  ? 6  °?dati°n  further>  the  acetone  breaks  up  into  acetic 
acid,  carbon  dioxide  and  water : 

CO(CH3)2   +   04    =    CO(CH3)OH    +    C02    +  H90. 

Acetone-  Acetic  acid.  2 

The  evolution  of  carbon  dioxide  in  this  reaction  affords  a  fm+hpr 
''tK^  Wed  isopropyl  alcohol  auTethyfaS 
t  J 7  fo™atlon  f  a  ketone  by  oxidation  is  the  essential  charac 

'  ™e primary  alcohols>  CnH2n+20,  are  dir?ct?y  con- 

TaS  tL°Mdatl0n  m*°  ald^ydes,  CnH2„0,  and  acids,  CnH2n02 

Lm  +  0  -  H°°  +  sXo 

Ethyl  alcohol.  ...  ,  . 

Aldehyde. 

C2H.,0         +         0         =  CHO 

Aldehyde.  ^2^2 
t  Acetic  acid. 

ace£rS  S0l'-hu;i'- ','  -Vit'h  acetic  acid>  or  with  Potassium 
CH(CH3)20C  H  O  W  COnverted  int0  acetate, 
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Isopropyl  Iodide,  CH(CH3)2I,  is  most  conveniently  prepared 
by  the  action  of  hydriodic  acid,  concentrated  and  in  large  excess, 
on  glycerin  (propenyl  alcoliol)  C3H803 : 

C3H803    +    5HI    =    C3H7I    +    3H20    +  2I2. 

The  iodine,  as  fast  as  it  is  set  free  by  the  reaction,  may  be  recon- 
verted into  hydriodic  acid  by  means  of  phosphorus,  and  will 
then  be  ready  to  act  upon  another  portion  of  glycerin.  The 
iodide  may  also  be  produced  by  the  action  of  hydriodic  acid 
on  isopropyl  alcohol,  allyl  iodide,  C3H5I,  propene,  or  propene 

alcohol.  •  .„ 

Isopropyl  iodide  is  an  oil  boiling  at  89°-90°,  and  having  a  specific 
gravity  of  1'70.  With  sodium  in  presence  of  ether  it  yields  pro- 
pene, propane,  and  di-isopropyl,  C6H14  (p.  552).  Bromine  expels 
the  iodine  and  forms  isopropyl  bromide. 

By  treatment  with  zinc  and  hydrochloric  acid,  which  evolves 
hydrogen,  isopropyl  iodide  is  converted  into  propane,  C3H7I  + 
H2  =  HI  +  C3H8 ;  the  propane,  exposed  to  the  action  of  chlorine  rn 
diffused  daylight,  is  partly  converted  into  normal  propyl  chloride; 
this  compound,  heated  with  potassium  acetate  and  strong  acetic 
acid,  yields  normal  propyl  acetate;  and  the  latter,  heated  with 
potash-ley  in  sealed  tubes,  yields  normal  propyl  alcohol.  Tins 
series  of  reactions  affords  a  general  method  of  converting  a 
secondary  alcohol  into  the  corresponding  normal  primary  alcohol. 


QUARTYL  OR  BUTYL  ALCOHOLS  AND  ETHERS. 

Theory  indicates  the  existence  of  four  alcohols  included  in  the 
formula  C4H10O,  two  primary,  one  secondary,  and  one  tertiary ; 
thus, 


Primary. 

A 


CH3 

H3C  CH3 

V 

CH2 

CH 

Ah2 

1 

H2COH 

H2ioH 

Propyl 

Isopropyl 

carbinol. 

carbinol. 

Secondary. 

CH3 

Ah2 
Ah3 

Methyl-ethyl 
carbinol. 


Tertiary. 

H3C  CH3 
V 

COH 


i 


H, 


Trimetliyl 
carbinol. 


(  CH2CH,CH, 
Propyl  Carbinol,  or  Normal  Butyl  Alcoliol,  C  < 

 This  alcohol  is  obtained  from  quartyl  or  butyl  chloride,  C4H(JC1 

(produced  by  the  action  of  chlorine  on  quartane  or  diethyl,  C4HI0), 
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1  iy  heating  that  chloride  with  potassium  acetate  and  strong  acetic 
acid,  whereby  it  is  converted  into  quartyl  acetate,  and  treating 
that  compound  with  barium  hydrate.  It  is  likewise  obtained  from 
butyric  aldehyde  (prepared  by  distilling  a  mixture  of  butyrate  and 
formate  of  calcium)  by  hydrogenation  with  sodium  amalgam.  It 
boils  at  115°,  smells  like  iso butyl  alcohol,  is  much  lighter  than 
water,  slightly  soluble  therein;  with  iodine  and  phosphorus  it 
yields  normal  butyl  iodide,  boiling  at  127°.  Oxidation  with  dilute 
chromic  acid  converts  it  into  normal  butyric  acid,  CH0CH9CITg . 

COOH.  .223 

fCH(CH3)2 

Isopropyl  Carbinol,  or  Isobutyl  Alcohol,  C<  H2 

toil 

— This  variety  of  primary  butyl-alcohol  was  found  by  Wurtz  in 
the  fusel-oil  obtained  by  fermenting  the  molasses  of  beet-root 
sugar.  To  separate  it,  this  oil  is  submitted  to  fractional  distil- 
lation, and  the  liquid  boiling  between  108°  and  118°  is  repeat- 
edly rectified  over  potassium  hydrate,  till  it  boils  constantly  at 
110°.  J 

Pure  isopropyl  carbinol  is  a  colourless  liquid,  having  an  odour 
somewhat  Like  that  of  amyl  alcohol,  but  less  pungent,  and  more 
vinous :  sp.  gr.  =  0-8032  at  18-5°.  It  dissolves  in  10^  times  its 
weight  of  water,  and  is  separated  therefrom,  as  an  oil,  by  calcium 
chloride,  sodium  chloride,  and  other  soluble  salts.  By  oxidation 
it  is  converted  into  isobutyric  acid,  CH(CH3)2.COOH. 

Isopropyl-carbinol  ■  is  acted  upon  by  acids  and  other  chemical 
reagents  much  in  the  same  manner  as  common  alcohol  (methyl- 
carbinol).  With  strong  sulphuric  acid  it  yields  isobutyl-sul- 
phuric  acid  (C4H9)HS04,  if  the  mixture  is  kept  cool;  but  on 
heating  the  Liquid,  isoquartene,  or  isobutylene,  C4H8,  is  given 
off  mixed  with  sulphurous  oxide  and  carbon  dioxide.  Heated 
with  hydrochloric  acid  in  a  sealed  tube,  or  treated  with  phosphorus 
pentachloride  or  omj 'chloride,  it  is  converted  into  isobutyl  chlo- 
ride, C4H9C1,  or  chloro-isobntane,  an  ethereal  liquid,  having  a 
pungent  odour,  and  boiling  at  70°.  Isobutyl  bromide,  C4H9Br, 
obtained  in  like  manner,  boils  at  89°,  the  iodide,  C4H0I,  at  121°. 
The  iodide  is  decomposed  by  potassium  or  sodium,  yielding  iso- 
di  butyl,  C'8H18,  a  limpid  liquid,  lighter  than  water,  and  boiling 
at  105°.  The  same  hydrocarbon  is  obtained  by  the  electrolysis  of 
ordinary  valeric  acid,  C5H10O2. 

Methyl-ethyl  Carbinol,  or  Secondary  Butylic  Alcohol, 

[CHj 
rt    C  H 

^  i  jj2  "' — This  alcohol  is  obtained  from  erythrite,  a  saccharine 
I  OH 

substance  having  the  composition  of  a  tetratomic  alcohol,  C,,H10O,„ 
or C4Hfl(OH)4.  The  eryth rite,  distilled  with  fuming  hydriodic acid, 
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yields  methyl- ethyl -iodomethane,  or  secondary  hutyl  iodide, 
C(CH3)(C2Hg)HI,  and  this  liquid,  treated  with  moist  silver  oxide, 
is  converted  into  methyl-ethyl  carbinol : 

C(CH3)(C2H6)HI  +  AgOH  =  Agl  +  C(CH3)(C2H5)HOH. 

Methyl-ethyl-carhinol  is  a  colourless  oily  liquid,  having  a  strong 
odour  and  buining  taste,  a  specific  gravity  of  0-85  at  0°,  arid 
boiling  at  95°-98°  (about  20°  lower  than  the  normal  primary 
alcohol).  When  heated  to  250°,  it  is  for  the  most  part  resolved 
into  water  and  quartene  or  butylene :  C4H10O  =  H20  +  C4H8. 

Methyl-etlvyl-iodomethane,  or  Secondary  Butyl  iodide,  prepared 
as  above,  or  by  the  action  of  strong  hydriodic  acid  on  the  alcohol, 
is  a  liquid  having  a  pleasant  ethereal  odour,  a  specific  gravity 
of  1-632  at  0°,  1-600  at  20°,  and  1-584  at  30°.  It  boils  at  118°. 
Bromine  decomposes  it,  expelling  the  iodine  and  forming  butylene 
dibrornide,  C4H8C12.  When  distilled  with  alcoholic  potash,  it  gives 
off  butylene.  This  tendency  to  give  off  the  corresponding  define 
is  characteristic  of  all  the  secondary  alcohols  and  ethers,  as  will 
be  further  noticed  in  connection  with  the  five-carbon  compounds. 

Trimethyl  Carbinol,  or  Tertiary  Butyl  Alcohol,  C  j  ^g^3' 

is  produced  by  treating  zinc  methide  with  carbonyl  chloride 
(phosgene  gas)  or  acetyl  chloride,  and  submitting  the  product  to 
the  action  of  water. 


2C0C12 

Carbonyl 
chloride. 

+ 

Zn(CH3)2 

Zinc 
methide. 

=  ZnCl2 

Zinc 
chloride. 

+ 

2COCH3CI 

Acetyl 
chloride. 

COCH3CI 

+ 

Zn(CH3)2 

=  ZnO 

+ 

u|  CI 

Acetyl 
chloride. 

Zinc 
methide. 

Zinc 
oxide. 

Trimethyl 
chloromethane. 

u  \  CI 

+ 

HOH 

=  HCl 

+ 

0  i  (CH3)3 
OH 

Trimethyl- 

Water. 

Trimethyl 

chloromethane.  carbinol. 


The  other  tertiary  alcohols,  to  be  noticed  hereafter,  are  obtained 
by  similar  series  of  reactions.  Trimethyl  carbinol  is  solid  at 
ordinary  temperatures,  and  forms  large  colourless  crystals.  It  boils 
at  82°. 

The  properties  of  this,  and  of  the  other  tertiary  alcohols,  have 
not  been  much  studied.  They  are  distinguished  from  the  primary 
and  secondary  alcohols  by  the  products  which  they  yield  with 
oxidising  agents.  Primary  alcohols  of  the  series  CnH2n+20,  oxi- 
dised with  chromic  acid,  yield,  as  already  observed,  the  corre- 
sponding acids,  CnHonOo:  secondary  alcohols,  the  corresponding 


QUINTYL  OR  AMYL  ALCOHOLS. 


599 


ketones.  Tertiary  alcohols,  on  the  other  hand,  are  split  up  by 
oxidation,  yielding  bodies  containing  a  smaller  number  of  carbon- 
atoms  :  thus,  trimethyl  carbinol  is  converted  by  oxidising  agents 
into  formic  and  propionic  acids : 

C4H10O    +    04    =    CH202    +    C3Hc02    +  H20. 

Trimethyl  Formic  Propionic 

carbinol.  acid.  acid. 


QUIXTYL    OR    AMYL    ALCOHOLS    AND  ETHERS. 

The  formula  C6H120  may  include  eight  different  alcohols :  four 
primary,  three  secondary,  and  one  tertiary,  viz. : 


Primary 


Secondary,  . C 


Tertiary, 


CHoCH„CH,CH3 

H 

H 

OH 


Butyl  carbinol. 

(  CH,CH,CH3 
CH3 
H 
(  OH 
Methyl-propyl 
carbinol. 


CH2CH(CH3)2  |-CHJ 

H  C<  H 

OH 


JCH,CH 
CH" 


C(CH3)3 
H 


Isobutyl  carbinol. 

(  CH(CH3)2 
)  CH3 
)  H 
(  OH 


H 
"•OH 


(  o: 


OH 


and 


Methyl-isopropyl 
carbinol. 


CH2CH3 

CH2CB3 

H 

OH 
Diethyl 
carbinol. 


CH„CH3 
CH3 
CH, 
OH 


Dimethyl-ethyl  carbinol. 


Five  of  these  are  known,  viz.,  the  first,  second,  fifth,  sixth,  and 
eighth. 

Butyl-carbinol,  or  Normal  Primary  Amyl  Alcohol,  is 

prepared  from  normal  butyl  alcohol  in  the  same  manner  as  the 
latter  from  normal  propyl  alcohol,  viz.,  by  successive  conversion 
into  butyl  cyanide  CH2CH2CH2CH3. CN,  normal  valeric  acid 
CH2CH2CH2CH3.  COOH,  valeric  aldehyde  CH2CH„CH,CH,.COH, 
and  the  alcohol  CH2CH2CH2CH3.  CH  "OH.  It  is  a  liquid  boiling 
M  135  i.e.,  3  degrees  higher  than  iso-amyl  alcohol.  The  chloride, 
wonude,  iodide,  and  acetate  obtained  from  it  boil  at  higher  tem- 
peratures than  the  corresponding  ordinary  amyl-conrpounds.  Bv 
oxidation  it  yields  normal  valeric  acid. 

Isobutyl  Carbinol,  or  Isoamyl  Alcohol,  CH2CH(CH3)„. 
!  tt2<JrI.— -This  is  the  ordinary  amyl  alcohol  produced  byfermen- 
KHion.  [„  the  manufacture  of  brandy  from  corn,  potatoes,  or  Ihr 
ransl  oi  grapes,  the  ethyl  alcohol  is  found  to  be  accompanied  by 
oily  liquid  called  fusel-oil,  which  is  very  difficult  to 
separate  completely  from  the  ethyl  alcohol.  It  passes  over,  how- 
1:1  considerable  quantity  towards  tin- end  of  the  distillation, 
and  may  be  collected  apart,  washed  by  agitation  with  several  succes- 
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sive  portions  of  water  to  free  it  from  ethyl  alcohol,  and  re-distilled. 
The  liquid  thus  obtained  consists  chiefly  of  amyl  alcohol,  some- 
times mixed  with  propylic,  butylic,  and  other  alcohols.  The 
amyl  alcohol  may  be  obtained  pure  by  fractional  distillation,  the 
portion  which  passes  over  between  128°  and  132°  being  collected 
apart.  Potato  fusel-oil  consists  almost  wholly  of  ethyl  and  amy] 
alcohols,  the  latter  constituting  the  greater  quantity. 

Amyl  alcohol  is  an  oily,  colourless,  mobile  liquid,  having  a 
ueculiar  odour,  and  a  burning  acrid  taste.  Its  vapour  when 
inhaled  produces  coughing  and  oppression  of  the  chest.  Its  speci- 
fic gravity  is  0-8111.  When  dropped  on  paper  it  forms  a  greasy 
stain,  which,  however,  disappears  after  a  while.  It  is  not  percep- 
tibly soluble  in  water,  but  floats  on  the  surface  of  that  liquid  like 
an  od ;  common  alcohol,  ether,  and  various  essential  oils  dissolve 
it  readily. 

Amyl  alcohol  usually  exerts  a  rotatory  action  on  polarised  light, 
but  the  rotatory  power  varies  considerably  in  different  samples. 
Pasteur,  indeed,  has  shown  that  ordinary  amyl  alcohol  is  a  mix- 
ture of  two  isomeric  alcohols,  having  the  same  vapour-density,  but 
differing  in  their  optical  properties,  one  of  them  turning  the  plane 
of  polarisation  to  the  right,  whereas  the  other  is  optically  inactive. 
They  are  separated  by  converting  the  crude  amyl  alcohol  into 
amylsulphm'ic  acid,  saturating  with  barium  carbonate,  and  crys- 
tallising the  barium  amyl  sulphate  thus  formed.  The  salt  ob- 
tained from  the  active  amyl  alcohol  is  2£  times  more  soluble  than 
that  obtained  from  the  inactive  alcohol,  and  consequently  the 
latter  crystallises  out  first ;  and  by  precipitating  the  barium  from 
the  solution  of  either  salt  with  sulphuric  acid,  and  distilling  the 
amylsulphuric  acid  thus  separated  with  water,  the  correspond^ 
amyl  alcohol  is  obtained.  The  difference  of  optical  character  be- 
tween the  two  alcohols — which  is  traceable  through  many  of  their 
derivatives — has  not  been  satisfactorily  explained ;  but  it  perhaps 
depends  upon  the  arrangement  of  the  molecules,  rather  than  upon 
that  of  the  atoms  within  the  molecule.  On  the  other  hand,  it  is 
possible  that  the  active  and  inactive  alcohols  may  contain  different 
radicals,  as  indicated  by  the  second,  third,  and  fourth  formula?  of 
primary  amyl  alcohols  above  given. 

Vapour  of  amyl  alcohol  passed  through  a  red-hot  tube,  yields  a 
mixture  of  ethene,  propene,  quartene,  and  quintene  or  amylene. 

Amyl  alcohol  takes  fire  easily  and  burns  with  a  blue  flame. 
When  exposed  to  the  air  in  contact  with  platinum  black,  it  is 
oxidised  to  isovaleric  acid,  CH2CH(CH3)2.COOH.  The  same 
acid  is  obtained  by  heating  amyl  alcohol  with  a  mixture  of  potas- 
sium dichromate  and  sulphuric  acid. 

Amyl  alcohol,  heated  to  220°  with  a  mixture  of  potassium 
hydrate  and  lime,  is  converted  into  potassium  valerate,  with  evolu- 
tion of  hydrogen : 

06H120    +    KHO    =    C6H0KO2   +  2H2. 
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Potassium  and  sodium  dissolve  in  amyl  alcohol  as  in  ethyl 
alcohol,  yielding  the  compounds,  C6HuKO,  and  C6HnNaO,  which, 
when  treated  with  amyl  iodide,  yield  amyl  oxide  or  amyl 
ether,  (C6Hu).,0,  and  with  ethyl  iodide,  ethyl-amyl  oxide, 
(C2H5)(C6Hu)0: 

Chlorine  acts  upon  amyl  alcohol  as  upon  ethyl  alcohol,  except- 
ing that  it  finally  removes  only  four  atoms  of  hydrogen,  instead 
of  five : 

C5H120    +    3C1,    =    4HC1    +  C5H8C120 

Amyl  ChloramylaL 
alcohol. 

Amyl  alcohol  is  acted  upon  by  acids,  like  common  alcohol, 
yielding  ethers.  When  mixed  with  strong  sulphuric  acid,  it  is 
converted  into  amyl-sulphuric  acid,  (C5Hn)HS04 ;  and,  on  dis- 
tilling the  mixture,  amyl  oxide,  (C5Hn)20,  passes  over,  together 
with  amylene,  and  several  other  hydrocarbons. 

Amylene,  or  Quintenb,  C5H10,  is  likewise  obtained,  together 
with  quiatane,  C5H12,  and  higher  homologues  of  both  these  bodies, 
by  distilling  amyl  alcohol  with  zinc  chloride.  It  is  a  colourless 
liquid,  having  a  peculiar  and  somewhat  unpleasant  odour ;  boils 
at  35°,  and  when  set  on  fire,  burns  with  a  bright,  very  smoky 
flame. — Vapour  of  amylene  is  completely  absorbed  by  antimony 
pentachloride  and  sulphuric  oxide. — Strong  sulphuric  acid  dissolves 
amylene,  when  the  two  are  shaken  up  together,  but  the  hydrocar- 
bon soon  separates  as  an  oily  layer,  which  however  consists,  not 
of  amylene,  but  of  diamylene,  C10H20.  Amylene  miites  with 
hydrochloric,  hydrobromic,  and  hydriodic  acids,  forming  com- 
pounds isomeric  with  amyl  chloride,  &c.  This  hydrocarbon 
admits  of  several  isomeric  modifications,  but  we  have  not  space 
to  notice  them. 

Amyl  Chloride,  C5HnCl,  is  prepared  by  distilling  equal 
weights  of  amyl  alcohol  and  phosphorus  pentachloride,  washing 
the  product  repeatedly  with  alkaline  water,  and  rectifying  it  from 
calcium  chloride.  Less  pure  it  may  be  obtained  by  saturating 
amyl  alcohol  with  hydrochloric  acid.  It  is  a  colourless  liquid,  of 
agreeable  aromatic  odour,  insoluble  in  water,  and  neutral  to  test- 
paper:  it  boils  at  102°,  and  ignites  readily,  burning  with  a  flame 
green  at  the  edges.  By  the  long  continued  action  of  chlorine,  aided 
by  powerful  sunshine,  it  is  converted  into  octochlorinated 
amyl  chloride,  or  nonochloroqxiintane,  C6H3C10,  a  volatile, 
colourless  liquid,  smelling  like  camphor:  the  whole  of  the  hydro- 
gen has  not  yet,  however,  been  removed.  The  bromide,  C.H^Br, 
18  ii  volatile,  colourless  liquid,  heavier  than  water.  It  is  obtained 
by  distilling  amyl  alcohol,  bromine,  and  phosphorus  together. 
(See  ethyl  bromide,  p.  580.)  Its  odour  is  penetrating  and  allia- 
ceous. The  bromide  is  decomposed  by  an  alcoholic  solution  of 
potash,  with  reproduction  of  the  alcohol  and  formation  of  potas- 
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shun  bromide.  The  iodide,  CLHUI,  is  procured  by  distilling  a 
mixture  of  15  parts  of  amyl  alcohol,  8  of  iodine,  and  1  of  phos- 
phorus. It  is  colourless  when  pure,  heavier  than  water,  volatile 
without  decomposition  at  146°,  and  in  other  respects  resembles 
the  bromide :  it  is  partly  decomposed  by  exposure  to  bight. 
Heated  to  290°  in  sealed  tubes,  with  zinc,  it  yields  diamyL 
C10  H22,  or  C5Hn .  C6HU,  a  colourless  ethereal  liquid  boiling  at 
155°,  and  isomeric,  or  identical  with  decane  (p.  550).  At  the 
same  time  there  is  formed  a  compound  of  zinc  iodide  with  zinc 
amylide,  Zn(CaHn)2,  which  is  decomposed  by  contact  with  water, 
yielding  zinc  oxide  and  quintane  or  amyl  hydride  (p.  546) : 

Zn(CsHu)2    +    H20    =    ZnO    +  20^. 

Amyl  Oxide,  (C5Hn)20,  obtained  by  the  processes  already  men- 
tioned, is  a  colourless  oily  bquid,  of  specific  gravity  of  0779°,  and 
boiling  at  176°. 

Amylsulphuric,  or  Sulphamylic  Acid,  (C5Hn)HS04,  or 
CjB^OSOaH.—  The  barium  saltof  this  acid,(C6Hi;)2Ba"(S04)2.2  aq., 
prepared  like  the  ethylsulphate  (p.  613),  crystallises,  on  evaporat- 
ing the  solution,  in  small  brilliant  pearly  jdates ;  the  difference  of 
solubility  of  the  salts  prepared  from  optically  active  and  optically 
inactive  amyl  alcohol  has  already  been  mentioned.  The  barium 
may  be  precipitated  from  the  salt  by  dilute  sulphuric  acid,  and  the 
sulphamylic  acid  concentrated  by  spontaneous  evaporation  to  a 
syrupy,  or  even  crystalline  state :  it  has  an  acid  and  bitter  taste, 
strongly  reddens  litmus-paper,  and  is  decomposed  by  ebulUtion 
into  amyl  alcohol  and  sulphuric  acid.  The  potassium  salt  forms 
groups  of  small  radiated  needles,  very  soluble  in  water.  The  sulph- 
amylates  of  calcium  and  lead  are  also  soluble  and  crystallis- 
able. 

Amyl  sulphydrate,  C5HnSH,  and  Amyl  sulphide, 
(C6Hil)2S,  have  Likewise  "been  obtained :  they  resemble  the  ethyl- 
compounds  in  their  properties  and  reactions. 

Metallic  compounds  of  amyl  are  obtained  by  processes  similar 
to  those  described  for  the  preparation  of  the  coiTesponding 
ethyl-compounds.  Zinc  amyl,  or  zinc  amylide,  Zn"(C5Hn)2, 
is  a  mobile  liquid  of  sp.  gr.  1*022  at  0°,  boiling  at  220°.  The 
stannamyls,  Sn"(CfiHn)2,  and  Sn^C^!),,  are  unctuous  masses 
insoluble  in  water,  soluble  in  alcohol  and  ether,  not  volatile  with- 
out decomposition. 

Fusel-oil  of  Grain-spirit. — The  fusel-oil,  separated  in  large  quan- 
tities from  grain-spirit  by  the  London  rectifiers,  consists  chiefly  of 
amyl  alcohol  mixed  with  ethyl  alcohol  and  water.  Sometimes  it 
contains  in  addition  more  or  less  of  the  ethyl-  or  amyl-compounds 
of  certain  fatty  acids  thought  to  be  identical  with  cenanthy- 
lic  and  palmitic  acids.  These  last-named  substances  form  the 
principal  part  of  the  nearly  solid  fat  produced  in  this  manner  in 
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whisky  distilleries  conducted  on  the  old  plan.  Mulder  has  de- 
scribed, under  the  name  of  corn-oil,  another  constituent  of  the 
crude  fusel-oil  of  Holland  :  it  has  a  very  powerful  odour,  resembling 
that  of  some  of  the  umbelliferous  plants,  and  is  unaffected  by 
solution  of  caustic  potash.  According  to  Mr  Eowney,  the  fusel- 
oil  of  the  Scotch  distilleries  contains  in  addition  a  certain  quantity 
of  capric  acid,  C10H20O2.  Amyl  alcohol,  in  addition  to  butyl 
alcohol,  has  been  separated  from  the  spirit  distilled  from  beet- 
molasses  and  from  artificial  grape-sugar  made  by  the  aid  of  sul- 
phuric acid.  Although  much  obscurity  yet  hangs  over  the  history 
of  these  substances,  it  is  generally  supposed  that  they  are  products 
of  the  fermentation  of  sugar,  and  have  an  origin  contemporaneous 
with  that  of  common  alcohol. 

fCHoCH9CH3 
pit' 

Propyl-methyl  Carbinol,    C  4       3  .—This  second- 

ly OH 

ary  alcohol  is  produced  by  decomposing  propyl-methyl  ketone 
(obtained  by  distilling  a  mixture  of  calcium  butyrate  and  acetate) 
with  water  and  sodium  amalgam : 

cj(p7  +   H2    =  oigV 

^U     .  LOH 

It  is  a  liquid  smelling  like  ordinary  amyl  alcohol,  but  less  pungent; 
boils  at  120°;  has  a  specific  gravity  of  0-825  at  0°;  is  oxidised 
by  potassium  permanganate  to  propyl-methyl  ketone. 

fCH(CH3)2 
PIT 

Isopropyl-methyl  Carbinol,   C-j  ^  3        ,  or  Amylene 

[oh 

hydrate,  (C6H10)"  j  qR-~ This  is  a  secondary  alcohol  produced 

from  amylene,  C6Hip,  by  combining  that  substance  with  hvdiioclic 
acid,  and  decomposing  the  resulting  hydriodide,  CaH10.HI,  with 
moist  silver  oxide,  whereby  silver  iodide  and  amylene  hydrate  are 

2(C5H10 .  HI)  +  Ag20  +  H20  =  2AgI  +  2[C6H10 .  H(OH)] . 

A  portion  of  the  hydriodide  is  at  the  same  time  resolved,  by  the 
neat  evolved  in  the  reaction,  into  hydriodic  acid  and  amylene; 
and,  on  submitting  the  resulting  liquid  to  fractional  distillation 
the  amylene  passes  over  first,  and  then,  between  105°  and  108°, 
we  amylene  hydrate  or  isopropyl-methyl  carbinol. 
Lhxa  alcohol  is  a  liquid  having  a  specific  gravity  of  0-829  at  0°, 
f  Pwngent  ethereal  odour,  quite  distinct  from  that  of  ordinary 
amyl  alcohol.    Heated  with  strong  sulphuric  acid,  it  is  converted, 
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not  into  amylsulphuric  acid,  but  into  hydrocarbons  polymeric  with 
arnylene,  viz.,  diamylene,  or  decene,  C10H10,  and  triamylene,  or 
qumdecene,  C15H30.  Hydriodic  acid  converts  it,  at  ordinary  tem- 
peratures, into  arnylene  hydriodide,  C6H10 .  HI,  boiling  at  130° 
(amyl  iodide  at  146°).  Hydrochloric  acid  converts  it  (even  at  0°) 
into  arnylene  hydrochloride,  C5H10.HC1,  having  a  boiling  point 
10°  below  that  of  amyl  chloride.  On  mixing  it  with  two  atoms  of 
bromine  at  a  very  low  temperature,  a  red  liquid  is  formed,  which, 
as  soon  as  it  attains  the  ordinary  temperature  of  the  air,  is  resolved 
into  water  and  arnylene  bromide.  Heated  for  some  time  to  190° 
with,  strong  acetic  acid,  it  yields  arnylene,  together  with  a  small 
quantity  of  arnylene  acetate.  Sodium  dissolves  in  arnylene  hydrate 
with  evolution  of  hydrogen,  forming  a  colourless  translucent  mass, 
which  has  the  composition  C5H10NaOH,  and  is  decomposed  by 
arnylene  hydriodide  in  the  manner  shown  by  the  equation : 

C5H10NaOH  +  C6H10HI  =  C6H10  +  C6H10H(OH)  +  Xal 

Sodium  compound.  Arnylene  Arnylene.  Arnylene 

hydriodide.  hydrate. 

From  these  reactions  it  is  apparent  that  arnylene  hydrate  or 
isopropyl-methyl  carbinol  is  especially  distinguished  from  the 
primary  amyl  alcohols  by  the  facility  with  which  it  gives  up  the 
corresponding  olefine.  This  peculiarity  is  exhibited  also  by  all 
the  secondary  alcohols  of  the  series.  These  alcohols  may  indeed  he 
regarded  as  intermediate  links  between  the  primary  monatomic 
alcohols  and  the  diatomic  alcohols  or  glycols,  e.g., 

C5Hn(OH)  C5H10 1  qjj  C6H10  | 

Amyl  alcohol.  Arnylene  hydrate.  Arnylene  glycol. 

Ethyl-dimethyl  Carbinol,  or  Tertiary  Amyl  Alcohol, 

(C2H6 

C  <  (CH3)2,  is  prepared  like  tertiary  butyl  alcohol,  by  treating 
(OH 

zinc-methide  with  chloropropionyl,  C3H60C1,  and  decomposing  the 
product  with  water.  It  smells  very  much  like  tertiary  butyl 
alcohol,  boils  between  98"5°  and  100°,  does  not  solidify  at  - 17°,  but 
merely  becomes  viscid.  By  oxidation  with  dilute  chromic  acid, 
it  yields  nothing  but  acetic  acid. 

The  boiling  points  of  the  five  known  amyl  alcohols  become 
gradually  lower,  from  the  normal  primary  to  the  tertiary,  as  their 
structure  becomes  more  complex :  thus : 

Boiling  point 
137° 

128°-132° 
120°-123° 
104°-108° 
98-5°-100" 


Primary  \  But^1  carl)inol>  • 

rnmarj,  |  isobutyl  carbinol,  . 

Rpf-nndftrv  J  Propyl-methyl  carbinol, 

becondan,  (  Isopr0pyl_metliyl  carWno; 

Tertiary,       Ethyl-dimethyl  carbinol, 
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The  number  of  possible  modifications  of  an  alcohol  increases 
with  the  number  of  carbon-atoms  in  its  molecular  formula.  Thus 
we  have  seen  that  there  may  be  two  propyl  alcohols,  C3H80,  four 
butyl  alcohols,  C4H10O,  and  eight  amyl  alcohols,  C6H120.  The 
six-carbon  formula,  CBHuO,  will  in  like  manner  be  found  to  in- 
clude sixteen  isomeric  alcohols — eight  primary,  five  secondary, 
and  three  tertiary ;  but  as  the  manner  in  which  these  modifications 
arise  has  been  sufficiently  explained  in  the  preceding  pages,  the 
further  development  of  the  theoretical  formulae  may  be  left  as  an 
exercise  for  the  student. 

The  number  of  modifications  of  the  six-carbon  alcohol  actually 
known,  is  seven ;  of  which  four  are  primary,  one  is  secondary,  and 
the  remaining  two  are  tertiary. 

Primary  Hexyl  Alcohols,  CcH13(OH).—  An  alcohol  having 
this  composition  is  prepared  by  treating  sextane,  or  hexyl  hydride, 
CgHjj,  obtained  from  American  petroleum,  with  chlorine ;  convert- 
ing the  resulting  hexyl  chloride,  C6H13C1,  into  hexyl  acetate, 
C6H,3(OC2H30),  by  treatment  with  silver  acetate  ;  and  distilling 
the  hexyl  acetate  with  potash.  The  hexyl  alcohol  thus  prepared 
boils  at  about  150°,  and  smells  like  amyl  alcohol. 

Eossi  has  obtained  a  primary  hexyl-alcohol,  having  the  same 
boiling  point,  by  the  action  of  sodium-amalgam  and  water  on 
caproic  aldehyde. 

Another  primary  hexyl  alcohol  was  found  by  Faget  in  fusel-oil. 
The  statements  respecting  it  are  not  very  exact,  but  as  it  is  pro- 
duced by  fermentation,  it  is  probably  constituted  like  ordinary 
amyl  alcohol,  and  therefore  in  the  manner  represented  by  the  for- 

CH2CH2CH(CH3)2 
mula,  L  <  H2  .All  these  three  alcohols,  when 

(  OH 

oxidised  by  chromic  acid,  yield  various  modifications  of  caproic 
acid,  G0H12O2. 

A  fourth  hexyl  alcohol  has  been  recently  obtained  from  the 
essential  oil  of  Heracleum  giganteum,  which  is  a  mixture  of  hexyl 
butyrate  and  octyl  acetate.  The  hexyl  and  ocbyl  alcohols  are 
isolated  by  decomposing  the  oil  with  alcoholic  potash,  and  separ- 
ated by  fractional  distillation.  The  hexyl  alcohol  thus  obtained 
nas  a  strong  aromatic  odour,  a  specific  gravity  of  0-819  at  23°,  and 
boils  at  156-6°.  By  oxidation  it  yields  a  caproic  acid,  C0H12O„, 
navmg  the  same  boiling  point  (204-5°),  as  normal  caproic  acid, 
nence,  and  from  the  fact  that  it  boils  at  a  higher  temperature 
man  any  of  the  other  primary  hexyl  alcohols  above  mentioned,  it 
mTr.rrJ 52  he  norraal  hexyl  alcohol  or  amyl-carbinol, 

ch2ch2ch2ch2ch3.cii2oh: 
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meyer,*  is  produced  from  mannite,  a  saccharine  body  having  the 
composition  of  a  hexatomic  alcohol,  C6H8(OH)6,  by  treating  that 
substance  with  a  large  excess  of  very  strong  hydriodic  acid,  where- 
by it  is  converted  into  secondary  hexyl  iodide,  or  hexylene  hydrio- 


dide,  C6H12.HI: 
C6H8(OH)6    +    11HI    =    C6H12HI    +    6H20    +   5I2 ; 


and  digesting  this  hydriodide  with  silver  oxide  and  water  : 


It  is  a  viscid  liquid,  having  a  pleasant,  refreshing  odour ;  boils 
at  137°  ;  has  a  sp.  gr.  of  0-8327  at  0°,  0-8209  at  16°,  and  07482  at 
99°,  so  that  it  expands  somewhat  rapidly  by  heat.  Strong  hydro- 
chloric acid  converts  it  into  the  corresponding  hydrochloride, 
C6H12HC1,  which  boils  at  120°,  and  yields  hexylene  when  digested 
at  100°  with  alcoholic  potash. 

Hexylene  hydrate,  or  methyl-isobutyl  carbinol,  is  converted  by 
oxidation  with  potassium  dichromate  and  sulphuric  acid,  into  a 


oxygen  from  the  air  ;  but  when  further  treated  with  the  oxidising 
mixture  just  mentioned,  yields  isobutyric,  acetic,  and  carbonic 
acids,  and  water.  These  reactions  show  that  the  alcohol  in  ques- 
tion is  a  secondary  alcohol. 

Tertiary  Hexyl  Alcohols. — Three  of  these  alcohols  are  pos- 
sible, and  have  been  obtained,  namely  : 


Isopropyl-diuiethyl  carbinol,  .    C  <  (CH3)2 

(  OH. 

The  first  is  prepared  by  treating  zinc-ethyl  with  acetyl  chlorides 
and    decomposing    the    resulting  methyl-diethyl-chlorethaue, 


C6H12HI  +  AgHO  =  Agl  +  C6H12H(OH). 


which  does  not  absorb 


*  Journal  of  the  Chemical  Society  [2],  i.  221. 
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'  )  Cl Wlth  Water  '  tIie  SeC°ncl  by  Proceecling  m  like  manner 
with  zinc-methyl  and  butyryl  chloride,  C0(C3H7)C1;  the  third 
with  zmc-methyl  and  isobutyryl  chloride.  This  last  alcohol  is  a 
liquid,  solidifying  at  -35°,  boiling  at  112°-  113°,  and  yielding  by 
oxidation,  acetone  with  a  little  acetic  acid*  ° 
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Of  these  compounds  only  the  normal  primary  alcohol,  CrH15(OH), 

or  Hexyl  carbinol,  C  i  H2    ,  and  a  tertiary  alcohol,  triethyl- 
{  OH 

carbinol,  C  j  are  known  with  certainty.     The  normal 

primary  alcohol  is  prepared,  either  by  the  action  of  nascent 
hydrogen  (evolved  by  the  action  of  sodium-amalgam  on  water),  on 
cenanthylic  aldehyde  (oenanthol)  :  ;' 

CrH140     +     H2     =  C7H10O; 

Aldehyde.  Alcohol. 

he^W&fr0'  he,P**  CrH16,  in  the  same  manner  as 

oilv Jl  ,  n  ^  h6Xyl  h7An^  &  605)-  lt  is  a  colourless, 
E?      msoluble  m  water  5  but  its  Properties  are  not  much 

anah0t^^fy\alCOholTarei)arated  b7  Faget  from  fusel-oil; 
and  a  third  has  been  sajd  by  .  several  chemists  to  be  obtained 
KT  V^.^W  Stilling  castor-oil  with  excess  of 
H  i  Z  ™ '  f  c°rding  t0. the  most  trustworthy  experiments,  there 
alcohol  1  0Uained  by  tMs  Pr0CesS'  ™>  an  8-^arbon 


CHOff  18  °hlaTd  h?  treat™g  Propionyl  chloride, 

SB.      h  f methyl,  and  the  product  with  water.  It 

STanM  f  ~%>  b°ilS  at  14r^2°'  is  sli§h%  soluble  n 
water  and  has  ?  specific  gravity  of  0-8593  at  0°.    By  oxidation 

uoe,  and  apparently  also  acetic  and  propionic  acids. 


OCTYL  ALCOHOLS  AND  ETHERS. 

^.rthTSno71!^001101'  °r  ^P^1  Carbinol,  C7IIlr,.CII2OH, 
ou  obtained  from  the  seeds  of  the  cow-parsnep 
*  Journal  of  the  Chemical  Society  [2],  ix.  1035. 
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(Heracleum  Splwndyliwm).  The  comparatively  small  portion  of 
this  oil  which  boils  between  190°  and  195°  consists  mainly  of  the 
alcohol ;  but  by  far  the  greater  portion  passes  over  between  200° 
and  212°,  and  this  by  continued  fractionation,  yields  primary  octyl 
acetate,  C10H20O„  boiling  between  206°  and  208°.  This  com- 
pound is  insoluble  in  water,  easily  soluble  in  alcohol  aud  ether, 
and  has  a  sp.  gr.  of  0-8717  at  16°.  Heated  with  alcohobc  potash, 
it  yields  potassium  acetate  and  primary  octyl  alcohol. 

This  alcohol  is  a  colourless  oily  liquid,  having  a  sp.  gr.  of  0*830 
at  16°,  boiling  between  190°  and  192°,  nearly  insoluble  in  water, 
miscible  with  alcohol  and  ether  ;  it  has  a  peculiar  pungent 
aromatic  odour,  and  tastes  sweetish  at  first,  afterwards  burning 
and  sharp.  By  boiling  with  potassium  dichromate  and  dilute 
sulphuric  acid,  it  is  converted  into  an  acid,  C8H1602,  melting  at 
16°  to  17°,  and  isomeric  or  identical  with  the  caprylic  acid  of 
natural  fats,  together  with  the  corresponding  octylic  ether, 
C8H1T.  C8H1602.  This  reaction  shows  it  to  be  a  primary  alcohol ; 
and  from  the  boiling  point  of  the  octane  derived  from  it,  it  appears 
to  be  a  normal  alcohol,  that  is  to  say,  to  contain  the  radical 
propyl.  The  structural  formulae  of  the  alcohol,  and  of  the 
caprylic  acid  derived  from  it  are  accordingly  : 
Alcohol,  CH3-  CH2- CH2-  CH2-  CH2-  CH2- CH2-  CH20H 
Acid,      CH3-  CH2-  CH2-  CH2-  CH2-  CH2-  CH2-  COOH 

Primary  octyl  alcohols  are  likewise  obtained  from  octane,  by 
converting  that  hydrocarbon  into  octyl  chloride,  then  into  acetate, 
and  saponifying  the  latter  with  alcohobc  potash  ;  secondary 
alcohols  are  however  formed  at  the  same  time.  The  boiling 
points  of  the  ethers  derived  from  the  octyl  alcohol  of  Heracleum 
oil,  are  (like  those  of  primary  ethers  in  general)  considerably 
higher  than  those  obtained  from  secondary  octyl  chloride. 
Secondary  Octyl  Alcohol,  or  Metb.yl-b.exyl  Carbinol, 

H  H  H  H    H  /CH3 


C 


'  C6H13 

°H3       or     H3C— C-C-C-C- 


OHH  H  H 

This  alcohol  is  produced  by  heating  castor-oil  with  excess  of  solid 
potassium  hydrate.  Castor-oil  contains  ricinoleic  acid,  C18H34U3 ; 
and  this  acid,  when  heated  with  potash,  yields  free  hydrogen,  a 
distillate  contouring  methyl-hexyl  carbinol,  together  with  pro- 
ducts of  its  decomposition,  and  a  residue  of  potassium  sebate, 
C10H16K2O4 : 

C18H3A  +  2KOH  =  C8H180  +  C10H16K,O4  +  H2. 
To  separate  the  alcohol,  the  distillate  is  repeatedly  rectified  over 
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fused  potash,  the  portion  boiling  below  200°  only  being  collected  • 
this  liquid,  subjected  to  fractional  distillation,  yields  a  portion 
boiling  at  181°,  which  is  the  pure  secondary  octyl  alcohol.  The 
portions  of  the  original  distillate  having  a  lower  boilino-  point 
consist  of  defines,  amongst  which  octylene,  C8H16,  boilinglit  125°' 
preponderates.*  ' 

Methyl-hexyl  carbinol  is  a  limpid  oily  liquid,  having  a  strong 
aromatic  odour,  and  making  grease-spots  on  paper.  It  has  no 
action  on  polarised  light.  It  has  a  specific  gravity  of  0-823  at  17° 
and  boils  at  181°.  It  is  insoluble  in  water,  but  dissolves  in 
alcohol,  ether,  wood-spirit,  and  acetic  acid.  It  mixes  with  sul- 
phuric acid,  forming  octyl-sulphuric  acid,  C8HirHS04,  generally 
also  octylene  and  neutral  octyl  sulphate.  Fused  zinc  chloride 
converts  it  into  octylene.  With  potassium  and  sodium  it  yields 
substitution-products. 

Methyl-hexyl  carbinol,  oxidised  with  potassium  dichromate 
and  sulphuric  acid,  yields  the  corresponding  ketone,  viz.,  meth  vl  - 
hexyl  ketone,  J 

(  C  H 

(CO)"(CflH13)(CH3),  or  C    Ch/3  thus, 

(0" 

[oh  (o  • 

;  B.v  the  prolonged  action  of  the  oxidising  mixture,  this  ketone  is 
luitner  oxidised  to  caproic  and  acetic  acids : 

C8H180    +    04    =    C6H1202    +    C2H402    +  H20. 
These  reactions  show  that  the  alcohol  produced  from  castor-oil  is 
w  rn??aryra  <:0ha1Lai}d  fr0m  further  considerations,  for  which 
tocS£L*ff  torS^OTlemme*>  P^er  above  cited,  it  is  inferred 

aton  ,  2  J}6       fl  lsT°Wl>  tfiat  is> t0  have  one  of  its  carbon- 
atoms  directly  combined  with  two  others 

vhoZtV'  0cf^™^  C.H17C1,  produced  by  the  action  of 
0  A m  «»P°n  a,ch  ,onde  °n  GtL  alcoho1-  ^s  a  specific  gravity  of 
viefds  \)h  n°iS  aV75^  Heated  wi,ih  alcollolic  Potash,  it 
SrtS  SDe'  F8>  lfi;  ^  alG^01  aud  Potassium  acetate,  it  is 
converted  into  octylene  and  octyl  acetate. 

Nonyl  Alcohol,  C9H20O,  or  Octyl  Carbinol,  cj^is 

Jtained  by  the  series  of  reactions  above  described  from  nonane 
onvl  hydride  which  is  one  of  the  constituents  of  American 
petroleum,  and  likewise  occurs,  together  with  nonene,  C0H18,  in 

*  Schorlenimer,  Proceedings  of  the  Royal  Society,  xvi.  376 
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that  portion  of  the  liquid  ohtained  by  distilling  amyl  alcohol  with 
zinc  chloride,  which  boils  between  134°  and  150°.  Nonyl  alcohol 
boils  at  about  200°.  Nonyl  chloride,  C9H19C1,  has  a  specific  gravity 
of  0-899  at  16°,  and  boils  at  196°. 

The  alcohols  of  the  series,  CnH2n+20,  containing  from  10  to  15 
carbon-atoms,  are  not  known,  but  compound  ethers  containing  12 
and  14  carbon-atoms  appear  to  occur  in  spermaceti. 

Sexdecyl  or  Cetyl  Alcohol,  C18H340=C16H33(OH),  also 
called^  thai,  is  obtained  from  spermaceti,  a  crystalline  fatty  substance 
found  in  peculiar  cavities  in  the  head  of  the  sperm  Avhale  (Physeter 
macrocephalus).  This  substance  consists  of  cetyl  palmitate, 
C32H6402,  or  C16H33.C16H31d2,.'and  when  heated  for  some  time 
with  solid  potash,  is  resolved  into  potassium  palmitate  and  cetyl 
alcohol : 

C16H33.C16H3)02  +  KOH  =  KC16H3102  +  C16H33(OH). 

The  cetyl  alcohol  is  dissolved  out  from  the  fused  mass  by  alcohol 
and  ether,  and  purified  by  several  crystallisations  from  ether. 

Cetyl  alcohol,  or  ethal.  is  a  white  crystalline  mass,  which  melts 
at  about  50°,  and  crystallises  by  slow  cooling  in  shining  lanuiise. 
It  has  neither  taste  nor  smell,  is  insoluble  in  water,  but  dissolves 
in  all  proportions  in  alcohol  and  ether.  When  heated  it  distus 
without  decomposition.  With  sodium  it  gives  off  hydrogen  and 
yields  sodium  cetylate,  C16H33NaO.  It  is  not  dissolved  by  aqueous 
alkalis ;  but  when  heated  with  a  mixture  of  potash  and  lime,  it 
gives  off  hydrogen,  and  is  converted  into  palmitic  acid : 

CirH340    +    KOH    =    KC1BH3102    +  2H2. 


Distilled  with  phosphorus  pentachloride  it  yields  cetyl  chloride, 
CirH„Cl,  a  Umpid  oily  liquid,  having  a  specific  gravity  ol  0-841/ 
at  12°,  and  distilling  with  partial  decomposition  at  a  temperature 
above  200°.  Cetyl  iodide,  C16H33I,  obtained  by  treating  tfte 
alcohol  with  iodine  and  phosphorus,  is  a  solid  substance  «i 
melts  at  22°,  dissolves  in  alcohol  and  ether,  and  crystallises  trom 
alcohol  in  interlaced  laminae. 

According  to  Heintz,  cetyl  alcohol,  or  ethal,  prepared  as  above, 
is  not  a  definite  compound,  but  a  mixture  of  sexdecyl  alconoi, 
C1flH,,,09,  with  small  quantities  of  three  other  alcohols  of  the  same 
series,  containing  respectively  12,  14,  and  18  atoms  of  carbon, 
inasmuch  as,  when  fused  with  potash-lime,  it  yields  the  correspond- 
ing fatty  acids  CnH2n02. 

Ceryl  Alcohol,  C27H6B0  =  C27Hfir,(OH) ;  also  called  Cmto 
alcohol^  Gerotin.-Thl  alcohol  is  obtained  from  Chmese- 
or  Pela,  a  secretion  enveloping  the  branches  of  certain  trees i 
China,  and  supposed  to  be  produced  by  the  puncture  of  an  msec  . 
This  wax  consists  mainly  of  ceryl  cerotate,  C27tt65 •  21 
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and  is  decomposed  by  fused  potash  in  the  same  manner  as  sperma- 
ceti, yielding  potassium  cerotate  and  ceryl  alcohol : 

W'Ws  +  KOH  =  KC2rH6302  +  C27H55(OH). 
On  digesting  the  fused  mass  with  boiling  water,  a  solution  of 
potassium  cerotate  is  obtained,  holding  ceryl  alcohol  in  suspension  • 
and  by  precipitating  the  cerotic  acid  with  barium  chloride  and 
treating  the  resulting  precipitate  with  alcohol,  the  ceryl  alcohol 
dissolves,  and  may  be  purified  by  repeated  crystallisation  from 
alcohol  or  ether.    It  then  forms  a  waxy  substance,  meltino-  at  97° 
Heated  with  potash-lime,  it  gives  off  hydrogen,  and  is  converted 
into  potassium  cerotate.    At  very  high  temperatures  it  distils 
partly  undecomposed,  partly  resolved  into  water  and  cerotene' 
^54;  by  this  character  it  would  appear  to  be  related  to  the 
secondary  alcohok.     With  sulphuric  acid  in  excess,  it  forms 
hydrated  neutral  ceryl  sulphate,  (C2?H56)2S04 .  H20 . 

hiES  Alco^ol>  C3pH02O  =  C30H61(OH).-Thisalcohol,the 
highest  known  member  of  the  series,  CnH2n+20,  is  obtained  from 
myncra  the  portion  of  common  bees'  wax  which  is  insoluble  in 
boihng  alcohol.  Myricm  consists  of  myricyl  palmitate,  C30Hri . 
^16H3102,  and  when  heated  with  potash  is  decomposed  in  the  same 
manner  as  spermaceti  and  Chinese  wax,  yielding  potassium  palmi- 
tate and  myricyl  alcohol.    On  dissolving  the  product  inVater 

bS  arg^th  b™?Mori^.  exhausting  the  precipitate  S 
boihng  alcohol,  and  dissolving  the  substance  deposited  from  the 

frSw^T  napJtha'  pm'e  alcohol  separates  as  a 

hoi Ln ^  8  unfte™d'  &ni 18  Par%  *«olved  (like  ceryl  a  co- 
t  v  eld°w 1  T  ene'^oH00.  With  strong  sulplJric  acid 
it  yields  myricyl  sulphate.  Heated  with  potash-lime,  it  gives  off 
hydrogen,  and  is  converted  into  potassium  melissate  :  ^ 

CMHfl20    +    KOH    =    KC30H5flO2    +    2H2 . 

foed  onT^f  f  1U°r  bom+whi^  tie  m^cyl  alcohol  has  crystal- 
t ,  Lri fli  a\ a, bove  mentioned,  retains  a  small  quantity  of  an 
ner  c  alcohol,  which  me  ts  at  72°,  and  when  treated  with  potaT 
"me  yxelds  an  acid  containing  a  smaller  proportion  of  carbon 


2.  Monatomic  Alcohols,  CnH2nO,  or  C„H2n_iOH. 
Two  alcohols  of  this  series  are  known,  viz. : 

Vinyl  alcohol,  C2H40    =  C2H,(OH) 
AUyl  alcohol,  C3H0O    =  cJi$OS). 

lain!,''-  ?SC0VereJd_1by  Berthelot  in  1860,  is  produced  by  com- 
™ng  ethine  or  acetylene  with  sulphuric  acid,  whereby  vinyl- 
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sulphuric  acid  (C2H3)H(SO)4  is  formed,  and  distilling  the  product 
with  water,  just  as  in  the  preparation  of  ethyl  alcohol  from 
ethene : 

HHS04    +    C2H2    =  (C2H3)HS04 
H(C2H3)HS04    +    HOH    =    HHS04    +  C2H3(OH). 

It  is  an  easily  decomposable  liquid,  having  a  highly  pungent  odour 
somewhat  more  volatile  than  water,  soluble  in  10  to  15  parts  ol 
that  liquid,  and  precipitated  from  the  solution  by  potassium  car- 
bonate It  is  isomeric  with  acetic  aldehyde  and  ethylene  oxide 
fp  557)  The  univalent  radical  vinyl,  C2H3,  which  may  be  sup- 
posed to  exist  in  it,  is  related  to  the  trivalent  radical  ethenvl 
(p  536),  in  the  same  manner  as  allyl  to  propenyl  (see  below). 

CH2 

Allyl  Alcohol,  C3H60  =  C3H5(OH)  =  CH    .-This  alcohol, 

CH2OH 

discovered  by  Cahours  and  Hofmann  in  1856,  may  be  supposed  In 
contain  the  univalent  radical  allyl,  C3HS,  derived  from  a  saturated 
CH2 

hydrocarbon,  CH,  by  abstraction  of  one  atom  of  hydrogen,  and 
CH 

isomeric  with  thetaivalent  radical  propenyl,  (C3H5)'",  derived  from 
propane,  CH3-CH2-CH3,  by  abstraction  of  three  atoms  of  hydro- 
gen Allyl  and  propenyl  compounds,  indeed,  are  easily  converted 
Sne  into  the  other  by  addition  or  subtraction  ot  two  atoms  oi  a 
monad  element  or  radical.  , 

To  obtain  the  alcohol,  allyl  iodide  is  first  prepared  by  the 
action  of  phosphorus  tetriodide  on  propenyl  alcohol  (glycerin; 

(C3H5)'"(OH)3: 

2(C3H5)'"(OH)3  +  P2l4  =  2<W  +  2P(°H)3  +  ^ 

The  allyl  iodide  is  next  decomposed  by  silver  oxalate,  yielding 

allyl  oxalate : 

2C3HfiI    +    Ag2C204    =    2AgI    +  (C3H5)2C204; 
and  the  allyl  oxalate  is  decomposed  by  ammonia,  yielding  oxamide, 
C202(NH2)2,  and  allyl  alcohol : 

(C3H6)2C204  +  2NH3  =  (WCNH^  +  2C3H6(OH). 
Allvl  alcohol  is  a  colourless  liquid,  having  a  pungent  odour  and  a 
spirituous  burning  taste.    It  mixes  in  all  P^P0^10^^^ 
common  alcohol,  and  ether;  boils  at  103° ;  burns  with  a  bright 
dame  than  common  alcohol. 
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Allyl  alcohol  is  a  primary  alcoliol,  similar  in  all  its  ordinary 
reactions  to  ethyl  alcohol.  By  oxidation  in  contact  with  platinum 
black,  or  more  quickly  hy  treatment  with  potassium  dichromate 
and  sulphuric  acid,  it  is  converted  into  acrylic  aldehyde  (acrolein), 
C3H40,  and  acrylic  acid,  C3H409,  compounds  related  to  it  in  the 
same  manner  as  common  aldehyde  and  acetic  acid  to  ethyl  alcohol. 
Heated  with  phosphoric  oxide,  it  yields  allylene,  C3H4.  With 
potassium  and  sodium  it  yields  substitution-products.  Strong 
sulphuric  acid  converts  it  into  allyl-sulphuric  acid.  With  the 
hroniides  and  chlorides  of  phosphorus  it  yields  allyl  "bromide, 
C3H6Br,  and  allyl  chloride,  C3H5C1. 

Allyl  Bromides.  —  The  monobromide,  C3H6Br,  prepared  as 
just  mentioned,  or  by  distilling  propene  bromide,  C3H6Br2,  with 
alcoholic  potash,  is  a  liquid  of  sp.  gr.  1  -47,  and  boiling  at  62°.  A 
tribromide  of  allyl,  C3H6Br3,  is  obtained  by  adding  bromine  to  the 
mono-iodide  in  a  vessel  surrounded  by  a  freezing  mixture.  It  is 
a  liquid  of  sp.  gr.  l-436  at  23°,  boiling  at  217°,  and  solidifying 
when  cooled  below  10°.  It  is  isomeric  with  propenyl  bromide  or 
tribromhydrin,  obtained  by  the  action  of  phosphorus  pentabromide 
on  glycerin. 

A  diallyl  tetrabromide,  C6H10Br4,  is  formed  by  the  direct  com- 
bination of  diallyl  (p.  558),  with  bromine ;  it  is  a  crystalline  body, 
melting  at  37°. 

Allyl  Iodides. — The  mono-iodide,  C3H5I,  obtained,  as  above 
described,  by  chstilling  glycerin  with  phosphorus  tetriodide,  is  a 
liquid  of  sp*.  gr.  1-780  at  160°,  and  boiling  at  100°.  It  is  decom- 
posed by  sodium,  with  formation  of  diallyl,  CCH10.  By  the  action 
of  zinc  or  mercury  and  hydrochloric  or  dilute  sulphuric  acid,  it  is 
converted  into  propene  (or  allyl  hydride) : 

2C3H6I  +  Zn2  +  2HC1  =  ZnCl2  +  Znl2  +  2C3HG. 

Diallyl  tetriodide,  CgH10I4,  is  a  crystalline  body  obtained  by 
dissolving  iodine  in  diallyl  at  a  gentle  heat. 

Allyl-sulphuric  Acid,  (C3H5)HS04,  is  produced  by  adding 
allyl  alcohol  to  strong  sulphuric  acid.  The  solution,  diluted  with 
water  and  neutralised  with  barium  carbonate,  yields  barium  allyl- 
sulphate,  (C3Hr;)2Ba'/(S04)2. 

_  Allyl  Oxide,  (C3Hs)20,  is  produced  by  the  action  of  allyl 
iodide  on  potassium  afiylate  (the  gelatinous  mass  obtained  by 
dissolving  potassium  in  allyl  alcohol): 

C3H5OK    +    C3H6I    =    KI    +  (CaH6)20. 

It  is  a  colourless  liquid,  boiling  at  82° 

Allyl  Sulphide,  (a3HB)„S.— TMb  compound  exists,  together 
with  a  small  quantity  of  allyl  oxide,  in  volatile  oil  oC  gnrlic,  and 
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is  formed  artificially  by  distilling  allyl  iodide  with  potassium 
monosulphide : 

2C3H6I    +    K2S    =    2KI    +  (C3H5)2S. 

To  prepare  it  from  garlic,  the  sliced  bulbs  are  distilled  with  water, 
and  the  crude  oil  thus  obtained— which  is  a  mixture  of  the  sul- 
phide and  oxide  of  allyl — is  subjected  to  the  action  of  metallic 
potassium,  renewed  until  it  is  no  longer  tarnished,  whereby  the 
allyl  oxide  is  decomposed,  after  which  the  sulphide  may  be  ob- 
tained pure  by  redistillation.  In  this  state  it  forms  a  colourless 
liquid,  lighter  than  water,  of  high  refractive  power,  possessing  in 
a  high  degree  the  peculiar  odour  of  the  plant,  and  distilling  without 
decomposition,  Allyl  sulphide,  dissolved  in  alcohol  and  mixed 
with  solutions  of.  platinum,  silver,  and  mercury,  gives  rise  to  crys- 
talline compounds,  consisting  of  a  double  sulphide  of  allyl  and  the 
metal,  either  alone  or  mixed  with  a  double  chloride. 

Volatile,  Oil  of  Mustard  consists  essentially  of  allyl  sulpho- 
cyauate,  CgHg.CNS,  and  will  be  described  in  connection  with  the 
sulphocyanic  ethers. 

Allyl  Sulphydrate,  or  Allyl  Mercaptan,  C3H5(SH),  ob- 
tained by 'distilling  allyl  iodide  with  potassium  sulphydrate,  is  a 
volatile  oily  liquid,  having  an  odour  like  that  of  garlic  oil,  but 
more  ethereal,  boiling  at  90°.  It  attacks  mercuric  oxide  like 
ethyl  mercaptan,  forming  the  compound  Hg"(C3Hs)2S2. 


DIATOMIC.  ALCOHOLS    AND  ETHERS. 

The  diatomic  alcohols 'are  derived  from  saturated  hydrocarbons 
by  substitution  of  two  equivalents  of  hydroxyl  for  two  atoms  of 
hydrogen,  and  may  therefore  be*  regarded  as  compounds  of  bivalent 
radicals  with  two  equivalents  ©f -Jiydroxyl :  ethene  alcohol,  for 
example,  may  be  represented  by  either  of  the  formulae : 

CH2OH  ,  OTT 

CH2OH  ■      <  UM 

'  CH3 

the  first;  representing  it  as  a  derivative  of  ethane,  |     ;  the  second 

us  a  compoimd  of  ethene,  C2H4,  with  hydrox\'l^or  as  derived  from  a 
double  molecule  of  water,  H2(OH)2,  by  substitution  of  ethene  for 
two  atoms  of  hydrogen.  '    V  * 

The  diatomic  alcohols  of  the  fatty  groivr^cajled  glycols,  are 
represented  by  the  general  formula, 

CnH2n+202  or  (CnH2n;"(OH)?:t 
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They  may  be  regarded  as  compounds  of  olehnes  with  two  equi- 
valents of  hydroxy!.    The  following  are  known  : 

Name.  Formula.  Boiling  point. 

Ethene  alcohol,    .    .    C„Hc09   =  C,H4<OH)„  197-5°. 
Propene  alcohol,  .    .    C3RsOl   =  CgH^OH)^  188°-189°. 

QalcE  =  C4Hs(°H)2  183°-184°. 

QSSl01'.^nylene  |  °M  =  C6H10(OH)2  177°. 
Octene  alcohol,     .    .    C8H1S02  =  C8H16(OH)2  235°-240°. 
Methene  alcohol,  CH2(OH)2,  has  not  heen  obtained. 

The  glycols  are  formed  by  the  following  processes : 

1.  By  combining  an  olefine  with  bromine ;  treating  the  result- 
ing dibromide  with  an  alcoholic  solution  of  potassium  acetate  or 
with  silver  acetate,  whereby  it  is  converted  into  a  diacetate  of  the 
olefine ;  and  decomposing  this  compound  with  solid  potassium 
hydrate,  whereby  potassium  acetate  and  a  diatomic  alcohol  are 
formed,  the  latter  of  which  may  be  distilled  off : 

CH,Br  CH2OC,H30 

|    *       +    2AgOC!,H„0    =    2AgBr    +  | 

CH2Br  CH2OC2H30 

Etliene  bromide.         Silver  acetate.  Ethene  diacetate. 

CH,OCQH30  CH.,OH 
I  +    2KOH    =    2KOaH,0    +  I 

<'H,0C2H3O  GH2OH 

Ethene  di-  Potassium  Potassium  Ethene 

acetate.  hydrate.  acetate.  alcoho' 

2.  By  treating  a  monochlorohydrate  corresponding  to  a  triatonuc 
alcohol  (a  glycerin)  with  nascent  hydrogen  (evolved  from  water 
by  sodium-amalgam) ;  the  chlorine  is  then  replaced  by  hydrogen, 
and  a  diatomic  alcohol  residts ;  thus, 

(C3H6)'"(0H)2C1    +    HH    =    HOI    +  (C3Hc)"(OH)2 

Propcnyl  monochloro-  Propene 
hydrate.  alcohol. 

Properties. — The  glycols  are  colourless,  inodorous,  more  or  less 
yiscid  liquids,  freely  soluble  in  water  and  alcohol ;  ethene  alcohol 
J8  but  sparingly  soluble  in  ether;  the  rest  dissolve  easily  in  that 
liquid.  The  boibng  points  of  ethene,  propene,  quartene,  and 
[ruintene  glycols,  exhibit  the  singular  anomaly  of  becoming  lower 
as  I  In'  molecular  weight  of  the  compound  increases ;  octene  glycol, 
however,  exhibits  a 'higher  boiling  point.  This  anomaly  may 
arise  From  difference  of  constitution  in  the  successive  terms  of  the 
aeries  at  present  known.  Thus  the  ethene  and  propene  glycols 
probably  differ  in  constitution  in  the  manner  shown  by  the  follow- 
ing formula; : 
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CH2OH  H3C  CH3 

I  J  V 

CH2OH  HOCOH . 

The  reactions  of  the  higher  glycols  are  not  sufficiently  known  to 
decide  this  question :  it  is  known,  however,  that  propene  alcohol 
heated  with  hydriodic  acid,  yields  isopropyl  iodide. 

The  chemical  reactions  of  the  glycols  have  been  studied  chiefly 
in  the  case  of  ethene  alcohol.  They  are,  for  the  most  part,  similar 
to  those  of  the  monatomic  alcohols ;  but  inasmuch  as  the  glycols 
contain  two  atoms  of  replaceable  hydrogen,  or  of  hydroxyl,  the 
reactions  generally  take  place  by  two  stages,  yielding  two  series  of 
products. 

1.  Ethene  alcohol  treated  with  nitric  acid  gives  up  2  or  4 
atoms  of  hydrogen  in  exchange  for  oxygen,  and  is  converted  into 
glycollic  acid,  C2H403,  or  oxalic  acid,  C2H204,  according  a3 
the  action  takes  place  at  ordinary  or  at  higher  temperatures,  thus, 

CH2OH  CH2OH 


and 


i 


+    02    =    H,0  + 
H2OH  CO(OH) 


CH2OH  CO(OH) 
I  +    04    =  2H20    +  I 

CH2OH  CO(OH) 

Under  certain  circumstances  the  corresponding  aldehydes  are  also 
COH 

produced,  as  glyoxal,  |       ,  from  ethene  alcohol,  by  removal  of 
COH 

four  hydrogen-atoms  without  substitution. 

Ethene  alcohol  is  also  converted  into  oxalic  acid  by  fusion  with 
potash: 

C2H602    +    2KOH    =    K2C204    +  4H2. 

Propene  glycol,  C3H602,  is  converted  into  lact  ic  acid,  C3H603, 
by  slow  oxidation  in  contact  with  platinum  black.  When  heated 
with  dilute  nitric  acid,  it  yields  glycollic  acid,  losing  carbon  as 
well  as  hydrogen ;  and  concentrated  nitric  acid  oxidises  it  still 
further  to  oxalic  acid. 

Quartene  or  butene  glycol,  C4H10O2,  is  converted  by  slow  oxida- 
tion with  nitric  acid  into  oxybutyric  acid,  C4H803,  and  when 
the  action  is  accelerated  by  heat,  into  oxalic  acid.  Quintene 
or  amylene  glycol,  C5H1202,  likewise  yields  oxybutyric  acid 
by  slow  oxidation  with  dilute  nitric  acid. 

2.  Potassium  and  sodium  eliminate  one  or  two  atoms  of  hydro- 
gen from  the  glycols,  and  form  substitution-products.  Ethene 
alcohol  is  strongly  attacked  by  sodiiun,  yielding  s  o  dium  e  t  he  nal  e, 
02Hf)Na02;  and  this  compound,  fused  with  excess  of  sodium,  is 
converted  into  disodium  ethenate,  C2H4Na202.    These  com- 
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pounds,  treated  with  monatomic  alcoholic  iodides,  yield  the  alco- 
holic ethers  of  the  glycols;  thus, 


CH,ONa 


Ah2( 


2OH 

Sodium 
ethenate. 


+    C2H6I    =    Nal  + 


CH„ONa 

I  "  +  2G2H6I 
CH,C" 


2ONa 

Disodium 
ethenate. 


=  2NaI  + 


CH2OC2H5 
CH2OH 

Ethyl 
ethenate. 

CH,OC.JL 


H2OC2H5 

Diethyl 
etlienate. 


3.  Oxygen-acids,  heated  with  glycols  in  closed  vessels,  act  upon 
them  in  the  same  manner  as  upon  the  monatomic  alcohols,  con- 
verting them  into  ethereal  salts  or  compound  ethers,  mono- 
acid  or  di-acid,  according  to  the  proportions  used.  In  the  di-acid 
glycol-ethers,  the  two  radicals  hy  which  the  hydrogen  is  replaced 
may  belong  either  to  the  same  or  to  different  acids;  e.g., 

CH2OH 


CHqOH 

I 

CH2OH 

Ethene 
alcohol. 

CH02H 


+    HOC2H30    =    H90  + 


Acetic 
acid. 


4 


)H2OH 

Ethene 
alcohoL 

CH,OH 

Ah. 


+  2HOC2H30    =  2H,0  + 


Acetic 
acid. 


,OC,H,0 


+    HOC4H70  = 


H20 


+ 


CH2OC2H30 

Ethene  mono- 
acetate. 

CH2OC3H30 
CH2OC2H30 

Ethene 
di-acetate. 

CH2OC4H70 


Ethene 
mono-acetate. 


Ah,' 


Butyric 
Acid. 


,OC2H30 

Ethene 
butvnicetate. 


_  The  haloid  acids  act  in  the  same  manner  as  oxygen-acids,  except- 
ing that  the  reaction  never  goes  beyond  the  first  stage ;  e.g., 


CH2OH 
I 

CH2OH 

Ethene 
alcohol. 


+  HCl 


=  H20 


+ 


CH2C1 


i 


H2OH 


Ethene 
chloro-hydrate. 


The  dichlorinated  dibrominated  ethers,  &c,  resulting  from  the 
substitution  of  the  remaining  equivalent  of  hydroxyl  by  the  haloid 
element,  may,  however,  be  obtained  from  the  glycols  by  the  action 

the  chlorides,  bromides,  and  iodides  of  phosphorus ;  e.g., 

C2H4(OH)2    +    2PC16    =    2PC130    +    2HC1    +  C2H4C12 
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The  same  compounds  are  produced,  as  already  observed,  l)y  direct 
combination  of  chlorine,  bromine,  and  iodine  with  the  defines. 

Ethene  Chloride,  C2H4C12,  has  long  been  known  by  the  name 
of  Dutch  liquid,  having  been  discovered  by  four  Dutch  chemists  in 
1 795.  When  equal  measures  of  ethene  gas  and  chlorine  are  mixed 
over  water,  absorption  of  the  mixture  takes  place,  and  a  yellowish 
oily  liquid  is  produced,  which  collects  upon  the  surface  of  the 
water,  and  ultimately  sinks  to  the  bottom  in  drops.  It  may  be 
easily  prepared,  in  quantity,  by  causing  the  two  gases  to  combine 
in  a  glass  globe  (fig.  160),  having  a  narrow  neck  at  the  lower  part, 
dipping  into  a  small  bottle  destined  to  receive  the  product.  The 
two  gases  are  conveyed  by  separate  tubes,  and  allowed  to  mix  in 
the  globe,  the  ethene  gas  being  kept  a  little  in  excess.  The  chlo- 
rine should  be  washed  with  water,  and  the  ethene  passed  through 
strong  oil  of  vitriol,  to  remove  vapour  of  ether :  the  presence  of 
sulphurous  and  carbonic  acids  is  not  injurious.  Combination 
takes  place  very  rapidly,  and  the  liquid  product  trickles  down  the 
sides  of  the  globe  into  the  receiver.  When 
Fig.  160.  a  considerable  quantity  has  been  collected, 

it  is  agitated,  first  with  water,  and  afterwards 
with  concentrated  sulphuric  acid,  and,  lastly, 
purified  by  distillation. 

Pure  ethene  chloride  is  a  thin,  colourless 
liquid,  of  agreeably  fragrant  odour  and  sweet 
taste  :  it  is  slightly  soluble  in  water,  and 
readily  so  in  alcohol  and  ether.  It  is  heavier 
than  water,  and  boils  when  heated  to  82-3° :  it 
is  unaffected  by  oil  of  vitriol  or  solid  potassium 
hydrate.  When  inflamed,  it  burns  with  a 
greenish,  smoky  light.  When  treated  with 
an  alcoholic  solution  of  potash,  it  is  slowly 
resolved  into  potassium  chloride,  which  sepa- 
rates, and  an  exceedingly  volatile  substance, 
containing  C2H3C1,  whose  vapour  requires 
to  be  cooled  down  to- 18°  before  it  condenses; 
at  this  temperature  it  forms  a  limpid,  colour- 
less liquid.  Chlorine  is  absorbed  by  this  lat- 
ter substance,  and  a  compound  is  produced, 
which  contains  C2H3C13:  this  is  in  turn 
decomposed  by  an  alcoholic  solution  of  potash 
into  potassium  chloride  and  another  volatile 
liquid,  C2H2C12.  This  series  of  reactions  is  analogous  to  that 
already  noticed  in  the  case  of  the  bromine  compounds  (p.  555). 

Products  of  the  Action  of  Chlorine  on  Ethene  Chloride: 
Chlorides  of  Carbon. — Ethene  chloride  readily  absorbs  chlorine 
"•as,  and  yields  four  new  compounds,  produced  by  the  abstraction 
of  successive  portions  of  hydrogen,  and  its  replacement  by  eqinva- 
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lout  quantities  of  chlorine.  Three  out  of  the  four  are  volatile 
liquids,  containing  respectively,  C2H3C13,  C2H2C14,  and  C,HCl5 ; 
the  fourth,  C2C16,  in  which  the  substitution  of  chlorine  for  hydro- 
gen is  complete,  is  the  chloride  of  carbon  long  ago  obtained  by 
Faraday,  by  putting  Dutch  liquid  into  a  vessel  of  chlorine  gas,  and 
exposing  it  to  sunshine. 

Carbon  trichloride,  C2C16,  the  chlorine  analogue  of  ethane, 
C,H6,  is  a  white,  crystalline  substance,  of  aromatic  colour,  insolu- 
ble in  water,  but  easily  dissolved  by  alcohol  and  ether :  it  melts 
at  160°,  and  boils  at  a  temperature  a  little  above.  Tt  burns  with 
difficulty,  and  is  not  altered  by  distillation  with  aqueous  or  alco- 
holic potash. 

Its  vapour,  passed  through  a  red-hot  porcelain  tube  filled  with 
fragments  of  glass  or  rock-crystal,  is  decomposed  into  free  chlorine, 
and  the  dichloride,  C2C14,  analogous  to  ethene.  This  substance 
condenses  in  the  form  of  a  volatile,  colourless  liquid,  which  has  a 
density  of  1-55,  and  boils  at  120°.  The  density  of  its  vapour  is 
5-82  (referred  to  air).  When  heated  to  200°  with  potassium 
hydrate,  it  is  completely  converted  into  potassium  chloride  and 
oxalate,  with  evolution  of  hydrogen : 

C2C14  +  6KOH  =  4KC1  +  C2K204  +  2H20  +  H2. 

It  absorbs  chlorine  and  bromine  in  sunshine,  forming  in  the 
one  case  the  trichloride,  C2C16,  and  on  the  other  the  chloro- 
bromide,  C2Cl4Br2,  a  white  crystalline  body  resembling  the  tri- 
chloride. 

Carbon  monochloride,  C2CI2,  analogous  to  ethine  or  acety- 
lene, is  obtained  bypassing  the  vapour  of  chloroform  or  of  carbon- 
dichlonde  through  a  red-hot  tube.  It  forms  white  needles  sublim- 
ing between  175°  and  200°. 

Carbon  tetrachloride,  CCI4,  may  also  be  described  in  this 
Place,  though  it  belongs  to  another  series,  being  the  chlorine  ana- 
logue marsh-gas.  It  is  formed  by  passing  the  vapour  of  carbon 
bisulphide,  together  with  chlorine,  through  a  red-hot  porcelain 
tube.  A  mixture  of  sulphur  chloride  and  carbon  tetrachloride  is 
tormed,  which  is  distilled  with  potash,  whereby  the  chloride  of 
sulphur  is  decomposed,  and  the  pure  tetrachloride  passes  over, 
it  is  a  colourless  liquid  of  1-56  sp.  gr.,  and  boils  at  77°.  The  same 
compound  is  formed  by  exhausting  the  action  of  chlorine  upon 
"^-gas  or  methyl  chloride  in  sunshine.  An  alcoholic  solution 
oi  potash  converts  this  compound  into  a  mixture  of  potassium 
chloride  and  carbonate. 

Ethene  Bromide  and  Iodide,  C2H4Br2  and  C2H4I2  are  pro- 
Th  l  7  ^gpgolefiantgas  in  contact  with  bromine  and  incline. 
i ae  bromide  is  a  colourless  liquid,  of  agreeable  ethereal  odour, 
ana  having  a  density  of  2-1  f> :  it  boils  at  129-5°,  and  solidifies  when 
cooled  to  near  -18°.    The  iodide  is  a  colourless,  crystalline, 
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volatile  substance,  of  penetrating  odour :  it  melts  at  79°,  resists  tbt 
action  of  sulphuric  acid,  but  is  decomposed  by  caustic  potash. 

The  action  of  bromine  upon  ethene  bromide  gives  rise  to  the 
compound  C2H3Br3,  from  which  the  other  bromine-compounds 
corresponding  to  the  chlorine  bodies  above  mentioned  may  be 
obtained  by  treatment  with  bromine. 

Ethene  bromide  acts  strongly  upon  an  alcoholic  solution  of 
potassium  sulphych-ate,  forming  ethene  sulphydrate  or  ethene 
inercaptan,  C2H4  (SH)2,  a  colourless  oil,  which  is  partially  decom- 
posed by  distillation,  and  yields,  with  lead  acetate,  a  yellow  pre- 
cipitate consisting  of  C2H4S2Pb.  With  potassium  monosulphide,  in 
like  manner,  ethene  bromide  forms  ethene  sulphide,  C,H4S,  which 
crystallises  in  white  prisms. 

The  haloid  ethers  corresponding  to  the  higher  glycols  are  similar 
in  their  reactions  to  those  of  ethene  alcohol. 

Oxygen-ethers  of  the  Glycols. — The  ethereal  salts  of  the 
glycols  (acetates,  butyrates,  &c.)  are  decomposed  by  alkalis  in  the 
same  manner  as  those  of  the  monatomic  alcohols,  reproducing  the 
alcohols  themselves  :  this  is,  in  fact,  the  general  mode  of  prepar- 
ing the  glycols  (p.  615).  But  the  mono-acid  haloid  ethers  of 
glycols  are  decomposed  by  alkalis  in  a  different  manner,  giving 
up  the  elements  of  hydrochloric,  hydriodic,  or  hydrobronric  acids, 
and  leaving  an  oxide  of  the  diatomic  alcohol-radical ;  thus, 

(C2H4)"C1(0H)  +  KOH  =  KC1  +  H20  +  (C2H4)"0 

Ethene  Ethene 
chloro-hydrate.  oxide. 

Ethene  oxide  is  isomeric  with  aldehyde  and  with  vinyl 
alcohol  (p.  557).  It  is  a  transparent  colourless  liquid,  boiling  at 
13-5°  (aldehyde  boils  at  21°),  and  miscible  in  all  proportions  with 
water  and  with  alcohol.  When  the  aqueous  solution  is  treated 
with  sodium  amalgam,  in  a  vessel  surrounded  with  a  freezing 
mixture,  the  ethene  oxide  takes  up  hydrogen,  and  is  converted 
into  ethyl  alcohol : 

C2H40       +       H2       =  C2H60. 

Ethene  oxide  unites  with  ammonia  in  several  proportions,  form- 
ing the  following  basic  compounds,  all  of  which  are  syrupy 
liquids  : 

Monoxethylenamine,        .       .       .  C2H4O.NH3 

Dioxethylenamine,    ....  (C2H40)2.NH3 

Trioxethylenamine,  ....  (C2H40)3.NH3 

Tetroxethylenamine, .       .       .       .  (C2H40)4.NH3. 

This  character  distinguishes  ethene  oxide  from  aldehyde,  which 
forms  with  ammonia  a  crystalline  compound  not  possessbig  basic 
properties.  A  further  distinction  between  these  two  isomeric 
bodies  is,  that  aldehyde  forms  crystalline  compounds  with  the  acid 
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sulphites  of  the  alkali-metals,  a  property  not  possessed  by  etlieue 
oxide. 

Etlieue  oxide  is  a  powerful  base,  uniting  directly  with  acids, 
precipitating  magnesia  from  a  solution  of  magnesium  chloride  at 
ordinary  temperatures,  and  ferric  oxide  and  alumina  from  their 
saline  solutions  at  100°.    With  hydrochloric  acid,  it  forms  ethene 
(CI 

chlorohydrate,  (C2H4)"  <  qjj  ,  and  with  acetic  acid,  ethene  aceto- 

hydrate,  or  monoacetate,  (C2H4)"  j  q-^2   3  .    It  also  unites  with 

water  in  several  proportions,  forming  glycol  and  other  compounds 
to  be  noticed  immediately. 

The  oxygen-ethers  of  the  higher  glycols  are  not  much  known  ; 
but  they  appear  to  be  less  disposed  to  combine  with  water  and 
acids  in  proportion  as  their  molecules  become  heavier  ;  thus 
amylene  oxide  does  not  appear  to  reproduce  amylene  alcohol  by 
combination  with  water. 

Polyethenic  Alcohols. — These  are  bodies  which  contain  the 
elements  of  two  or  more  molecules  of  ethene  oxide  combined  with 
one  molecule  of  water,  and  may  be  regarded  as  formed  by  the 
union  of  two  or  more  molecules  of  glycol  (mono-ethenic  alcohol), 
with  elimination  of  a  number  of  water-molecules  less  by  one  than 
the  number  of  glycol  molecules  which  enter  into  combination  ;  or 
as  derived  from  three  or  more  molecules  of  water,  by  substitution 
of  ethene  for  the  whole  of  the  hydrogen  except  two  atoms  ;  thus, 

C.HriO,  or  (C2H4)"H202       =    C2H40 .  H20 
Monethenic  alcohol  Ethene 
(glycol).  oxide. 

C4Hl0O3  or  (C3H4)"2H203    =    2C2H4O.H20    =    2C2H0O2 - IJ30 
Dietlienic  alcohol.  Ethene  Glycol. 

oxide. 

0«H14O4  or  (C2H4)"3H204    =    3C2H4O.H20    =  3C2H602-2H20 
Triethenic  acohol.  Ethene  Glycol. 

oxide. 

C»H„05  or  (C2H4)"4HaO,    =    4C2H4O.H20    =    4C2H0O2 - 3HaO 
Tetrcthcnic  alcohol.  Ethene  Glycol. 

oxide. 

c2nH4n+2On+i  or(C2H4)"nH2On+i=  nCjH4O.H20  =  wC2H„02-  (n-  1)H.,0 
n-ethenic  alcohol.  Ethene  Glycol. 

oxide. 

The  polyethenic  alcohols  are  formed :  1.  By  heating  ethene  oxide 
with  water  in  sealed  tubes.  In  this  manner  Wurtz  obtained 
dietlienic  alcohol  together  with  monethenic,  and  a  small  quantity 
"I  tri-ethenic  alcohol.— 2.  By  heating  ethene  oxide  with  glycol  in 
sealed  tubes :  this  process  yields  the  di-  and  tri-ethenic  alcohols. — 
3.  By  heating  glycol  with  ethene  bromide  in  sealed  tubes  to  100° 
-  120°.  The  first  products  of  this  reaction  are  dietlienic  alcohol, 
ethene  bromo-hydrate  and  water  : 
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3(C2H4)''H202  +  C2H4Br2  =  (C2H4)"2H203  +  2(C2H1)"Br(OH)  +  ELO  ; 
Monethenic  Ethene  Dietlienic  Ethene  bromo- 

alcohoL  bromide.  alcohol,  hydrate. 

and  the  other  polyethenic  alcohols  are  formed,  each  from  the  one 
next  below  it  in  the  series,  by  the  action  of  ethene  bromo-hydrate 
according  to  the  general  equation  : 

(C2H4)"nH2On+i  +  (C2H4)"Br(OH)  =   (C2H4)"n+1H2On+2  +  HBr. 

The  hydrohrornic  acid  thus  formed  then  acts  on  the  excess  of 
glycol  present,  reproducing  ethene  bromo-hydrate,  and  thus  the 
action  is  continued.  By  this  process,  the  2-,  3-,  4-,  5-,  and 
6-ethenic  alcohols  have  been  obtained  and  separated  by  fractional 
distillation  ;  and  when  a  sufficient  excess  of  glycol  is  present,  the 
temperature  being  kept  between  110°  and  .120°,  still  higher 
members  of  the  series  are  produced. 

The  polyethenic  alcohols  are  syrupy  liquids,  becoming  more 
viscid  as  their  molecular  weight  increases  :  their  boiling  point 
rises  by  about  45°  for  each  addition  of  C2H40. 

Dietlienic  alcohol,  C4H10O3  or  (CgH^'fi^Oj,  boils  at  about  245°; 
the  density  of  its  vapour  is  3-78  (air=l) ;  by  calculation  it  should 
be  3*67,  so  that  it  exhibits  the  normal  condensation  to  two 
volumes.  By  contact  with  platinum  black,  or  by  treatment  with 
nitric  acid,  it  is  oxidised  to  diglycollic  acid,  C4H606,  an  acid 
isomeric  with  malic  acid,  and  formed  from  diethenic  alcohol  by 
substitution  of  0  for  H2,  just  as  glycollic  acid,  C2H403,  is  formed 
from  monethenic  alcohol,  C2H602.  Triethenic  alcohol,  C6Hu04,  or 
(C2H4)3"H204,  is  oxidised  in  like  manner  to  ethene-diglycollic 
acid,  C6H1206. 


TRIATOMIC  ALCOHOLS  AND  ETHERS. 

Triatomic  alcohols  may  be  derived  from  saturated  hydrocarbons 
by  substitution  of  three  atoms  of  hydroxyl  for  three  atoms  of 
hydrogen,  and  may  accordingly  be  regarded  as  compounds  of 
trivalent  alcohol-radicals  with  three  atoms  of  hydroxyl,  or  as  com- 
pounds derived  from  a  triple  molecule  of  water,  H603,  by  substitu- 
tion of  a  trivalent  alcohol-radical  for  three  atoms  of  hydrogen. 
The  hydrocarbons  of  the  series,  CnH2n+2,  should  accordingly 
yield  a  series  of  triatomic  alcohols  of  the  form  (CnEbn— i)"'(OH)3. 
viz. : — 

Methenyl  alcohol,       .       .       .  CH(OH)3 
Ethenyl  alcohol,  ....  C2H3(OH)3 
Propenyl  alcohol,        .       .       .  C3H5(OH)3 
Quartenyl  alcohol,       .  .  C4Hj(OH)3 

Quintenyl  alcohol,       .       .  C6H0(OH)3 
&c.  &c. 
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Of  these,  however,  only  two  are  known,  viz.,  propenyl  alcohol 
or  glycerin,  and  quintenyl  alcohol,  or  amyl  glycerin. 

Each  triatomic  alcohol  subjected  to  the  action  of  acids,  or  of  the 
chlorides,  bromides,  or  iodides  of  phosphorus,  may  yield  three 
classes  of  ethers,  derived  from  it  by  substitution  of  a  halogen 
element,  or  acid  radical,  for  part  or  the  whole  of  the  hydroxyl ; 
thus,  from  glycerin  may  be  obtained  the  three  hydrochloric  ethers' 
C3H6C1(0H)2,  C3H5C120H,  C3HflCl3,  and  the  three  acetic  ethers 
C3H5(0C2H3O)(OH)2,  C3H6(OC2H30)2OH,  and  C3H5(OC2H30)3. 

Methenyl  Ethers.— Methenyl  alcohol,  CH(OH)3,  has  not 
been  obtained ;  but  ethers  are  known  which  may  be'  derived  from 
it,  by  substitution  of  halogen  elements  for  the  three  equivalents 
of  hydroxyl,  CHC13  for  example.  These  compounds,  which  may 
also  be  directly  derived  from  methane,  are  usually. distinguished 
by  names  ending  in  "  form."  to  denote  their  relation  to  formic 
acid,  (OH)'"0(OH). 

Methenyl  Chloride,  or  Chloroform,  CHC13.— This  com- 
pound is  produced :  1.  Together  with  methene  chloride,  CH2C12, 
when  a  mixture  of  chlorine  and  gaseous  methyl  chloride  is  exposed 
to  the  sun's  rays.    2.  By  the  action  of  alkalis  on  chloral  (p.  573) : 

C2HC130    +    KOH    =    CHC13    +  KCH02 

Chloral.  -  Cliloro-  Potassium 

form.  formate. 

3.  By  boiling  trichloracetic  acid  with  aqueous  alkalis : 
C2HC1302    +    2KOH    =    CHC13    +    K2C03  .+  H20. 

4.  By  the  action  of  nascent  hydrogen  on  carbon  tetrachloride : 

CC14    +    H2    =    HC1    +  CHC13. 

5.  By  the  action  of  hypochlorites,  or  of  chlorine  in  presence  of 
alkalis,  on  various  organic  substances,  as  methyl-,  ethyl-,  and  amyl- 
alcohols,  acetic  acid,  acetone,  &c.  The  reaction  is  complicated, 
giving  rise  to  several  other  products ;  with  common  alcohol  and 
calcium  hypochlorite  the  principal  reaction  appears  to  be — 

2C2H0O  +  5CaCl202  =  2CHC13  +  2CaC03  +  2CaCl2  + 
CaH202  +  4H20. 

Chloroform  is  prepared  on  the  large  scale  by  cautiously  distilling 
together  good  commercial  chloride  of  lime,  water,  and  alcohol. 
Ine  whole  product  distils  over  with  the  first  portions  of  water,  so 
Mat  the  operation  may  be  soon  interrupted  with  advantage.  The 
clUoroform,  which  constitutes  the  ody  portion  of  the  distillate,  is 
purified  by  agitation  with  water,  desiccation  with  calcium  chloride, 
anddistillatiorj  in  a  water-bath. 

Chloroform  is  a  thin  colourless  liquid  of  agreeable  ethereal  odour, 
"iu,  h  resembling  that  of  Dutch  liquid,  and  of  a  sweetish  taste. 
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Its  density  is  1'48,  and  it  boils  at  61° :  the  density  of  its  vapour 
(compared  with  air)  is  4-20.  Chloroform  is  difficult  to  kindle, 
and  burns  with  a  greenish  flame.  It  is  nearly  insoluble  in  water, 
and  is  not  affected  by  concentrated  sulphuric  acid.  When  boiled 
with  aqueous  potash  in  a  closed  tube,  it  is  converted  into  potassium 
chloride  and  formate : 
CHC13    +    4HOK    =    3KC1    +    CHO(OK)    +  2H20. 

Chloroform  is  well  known  for  its  remarkable  effects  upon  the 
animal  system,  in  producing  temporary  insensibility  to  pain  when 
its  vapour  is  inhaled. 

Bromoporm,  CHBr3 ,  is  a  heavy,  volatile  liquid,  prepared  by 
the  simultaneous  action  of  bromine  and  aqueous  alkalis  on  alcohol, 
wood-spirit,  and  acetone.  It  is  converted  by  caustic  potash  into 
potassium  bromide  and  formate. 

Iodoform,  CHI3,  is  a  solid,  yellow,  crystallisable  substance, 
easily  obtained  by  adding  alcoholic  solution  of  potash  to  tincture 
of  iodine,  avoiding  excess,  evaporating  the  whole  to  dryness,  and 
treating  the  residue  with  water.  It  is  nearly  insoluble  in  water, 
but  dissolves  in  alcohol,  and  is  decomposed  by  alkalis  in  the  same 
manner  as  the  preceding  compounds.  Bromine  converts  it  into 
bromiodoform,  CHBr2I,  a  colourless  liquid  which  solidifies  at. 
0°.  Iodoform  distilled  with  phosphorus  pentachloride  or  mercuric 
chloride,  is  converted  into  chloriodoform,  CHC12I,  a  colourless 
liquid  of  sp.  gr.  1"96,  which  does  not  solidify  at  any  temperature. 
Nitroform,  CH(N02)3,  a  body  analogous  in  composition  to  the 
methenyl  ethers,  will  be  considered  in  connection  with  thecyanogen 
compounds. 

Propenyl  Alcohol  or  Glycerin, 

CH<,OH 

(oh  r 

C3H803      =     (C3H5H0H     or  CHOH 


i 


H2OH 

This  compound  is  obtained  by  the  action  of  alkalis  on  natural 
fats,  which  are,  in  fact,  the  propenylic  ethers  of  certain  fatty  acids; 
thus  stearin,  one  of  the  constituents  of  mutton  suet,  consists  ot 
propenyl  tristearate,  (C3H6)"'(OC18H350)3,  a  compound  derivable 
from  glycerin  itself,  by  substitution  of  stearyl,  C1SH,.0,  for  hydro- 
gen. Now,  when  stearin  is  boiled  with  a  caustic  alkali,  it  is  con- 
verted into  a  stearate  of  the  alkali-metal  and  glycerin,  thus : 

03^(00^0)3  +  3K0H  =  3K0CA0  +  C3Hfl(0H)3 
Stearin.  Potassium  Glycerin. 

steurate. 

A  similar  reaction  takes  place  when  any  other  similarly  constituted 
fat  is  treated  with  a  caustic  alkali.    The  metallic  salts  of  the  tnUv 
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acids  thus  obtained  are  the  well  known  bodies  called  soaps,  and 
the  process  is  called  saponification;  this  term,  originally 
restricted  to  actual  soap-making,  has  been  extended  to  all  cases  of 
the  resolution  of  a  compound  ether  into  an  acid  and  an  alcohol, 
such,  for  example,  as  the  conversion  of  ethyl  acetate  into  acetic 
acid  and  ethyl  alcohol  by  the  action  of  alcoholic  potash. 

Glycerin  was  originally  obtained  by  heating  together  olive  or 
other  suitable  oil,  lead  oxide,  and  water,  as  in  the  manufacture  of 
common  lead-plaster;  an  insoluble  soap  of  lead  is  thereby  formed, 
whde  the  glycerin  remains  in  the  aqueous  liquid.  The  latter  is 
treated  with  sulphuretted  hydrogen,  digested  with  animal  charcoal, 
filtered,  and  evaporated  in  a  vacuum  at  the  temperature  of  the  air. 
Glycerin  is  now  produced  in  very  large  quantity  and  perfect 
purity  m  the  decomposition  of  fatty  substances  by  means  of  over- 
heated steam,  a  process  which  Mr  George  Wilson  has  lately  intro- 
duced mto  the  manufacture  of  candles.  In  this  reaction  a  fatty 
acid  and  glycerin  are  produced  by  assimilation  of  the  elements  of 
water ;  they  are  carried  over  by  the  excess  of  steam  in  a  state  of 
mechanical  mixture,  which  rapidly  separates  into  two  layers  in  the 
receiver.  The  reaction  is  exactly  similar  to  that  which  takes 
place  when  a  caustic  alkali  is  used  to  effect  the  saponification,  e.g.: 

C3H5(OC18H350)3  +  3H20  =  3HOCuHS60  +  C3H5(OH)3 

Stearin.  Stearic  acid.  Glycerin. 

tnuJv»vn  maj  als°  be  PrQducecl  from  propenyl  bromide, 
(t3H.)  Br3,  a  compound  formed,  as  already  observed,  by  the 
action  of  bromine  on  allyl  iodide,  C3H5I.    The  process  consists 

!f<Tj°v'vnnng  the  Proper-Bromide  into  propenyl  triacetate, 
(^3^5)  (OC2H30)3 ,  by  the  action  of  silver  acetate,  and  decompos- 
ing this  ether  with  potash. 

This  mode  of  formation  must  not,  however,  be  regarded  as  an 
actual  synthesis  of  glycerin  from  compounds  of  simpler  constitu- 
tion; tor  the  allyl-compounds  are  themselves  prepared  from 
glycerin  (p.  612).  1  r 

Glycerin  is  a  nearly  colourless  and  very  viscid  liquid  of  sp.  gr. 

£1,  which  cannot  be  made  to  crystallise.  It  has  an  intensely 
sweet  taste,  and  mixes  with  water  in  all  proportions  :  its  solution 
<ioes  not  undergo  the  alcoholic  fermentation,  but  when  mixed  with 
yeast  and  kept  m  a  warm  place,  it  is  gradually  converted  into 
propionic  acid.  Glycerin  has  no  action  on  vegetable  colours. 
™P°8ed  to  heat,  it  volatilises  in  part,  darkens,  and  decomposes,  ' 
gmng  oil,  amongst  other  products,  a  substance  called  acrolein, 
having  an  intensely  pungent  odour. 

Concentrated  nitric  acid  converts  glycerin  into  glyceric  acid, 

I  V     ;m  acid  related  to  glycerin  in  the  same  manner  as  gly- 
acid  to  glycol,  and  acetic  acid  to  ethyl  alcohol;  being 
1  I'd!  11  it  by  substitution  of  oxygon  for  two  atoms  of  hydro- 
gen in  immediate  relation  to  hydroxyl ;  thus: 

2  it 
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CH2OH  CH2OH 

[  1 
CHOH    +    02    =    H20    +  CHOH 

CH2OH  COOH 

Glycerin.  Glyceric  acid. 

The  formula  of  glycerin  indicates  the  possibility  of  effecting  a 
second  substitution  of  the  same  kind,  which  would  yield  diglyceric 
acid,  C3H406,  hut  this  acid  has  not  been  actually  obtained. 

Glycerin,  treated  with  a  mixture  of  strong  nitric  and  sulphuric 
acids,  forms  nitroglycerin,  C3H5(N02)303,  a  heavy  oily  liquid 
which  explodes  powerfully  by  percussion.  It  is  much  used  for 
blasting  in  mines  and  quarries,  but  is  very  dangerous  to  handle, 
and  has  given  rise  to  several  fatal  accidents. 

Glycerin  combines  with  the  elements  of  sulphuric  acid,  forming 
a  sulphoglyceric  acid,  C3H803S03,  which  gives  soluble  salts 
with  lime,  baryta,  and  lead  oxide. 

Monatornic  oxygen-acids  (acetic,  benzoic,  stearic,  &c),  heated  in 
sealed  tubes  with  glycerin,  yield  compound  ethers  in  which  1,  2. 
or  3  hydrogen-atoms  of  the  glycerin  are  replaced  by  an  equivalent 
quantity  of  the  acid  radical,  according  to  the  proportions  employed 
The  resulting  compound  ethers  are  denoted  by  names  ending  in 
in;  thus : 

C3H5(OH)3  +  HOC2H30    =  C3H5(OH)2OC2H30    +  H,0 

Glycerin.  Acetic  acid.  Mono-acetin. 

C3H5(OH)3  +  2HOC2H30  =  C3H5(OH)(OC2H30)2  +  2H20 

Glycerin.  Acetic  acid.  Diacetin. 

C3H5(OH)3  +  3HOC2H30  =  C3H5(OC2H30)3        +  3H20 

Glycerin.  Acetic  acid.  Triacetin. 

The  glyceric  ethers  or  glycerides  thus  produced  are,  for  the 
most  part,  oily  liquids,  increasing  in  viscidity  as  the  acid  from 
which  they  are  formed  has  a  higher  molecular  weight;  those 
formed  from  the  higher  members  of  the  fatty  acid  series,  CnH2nO-> 
(such  as  palmitic  and  stearic  acids),  are  sobid  fats.  Some  of  the 
triacid  glycerides,  produced  artificially  in  the  way  just  men- 
tioned, are  identical  with  natural  fats  occurring  in  the  bodies  of 
plants  and  animals ;  thus  tristeariu  is  identical  with  the  stearin  or 
beef  and  mutton  suet ;  triolein  with  the  olein  of  olive  oil,  &c. 

Hydrochloric  and  hydrobromic  acids  act  upon  glycerin  in  the 
same  manner  as  oxygen-acids,  excepting  that  the  reaction  always 
stops  at  the  second  stage  (just  as  in  the  action  of  these  acids  oil 
the  glycols  it  stops  at  the  first  stage).  The  ethers  thus  formed 
are  called  chlorhydrins  and  bromhydrins,  &c,  e.g.: 
CsH6(OH)3    +    HCl    =    C3Hfl(OH)2Cl    +  H20 

Glycerin.  Clilorhydiin. 

C3H6(OH)3    +    2HC1  =    C3H6(0H)C12    +  2H20 
Glycerin.  Dlchlorhydrin. 
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Hydriodic  acid  acts  somewhat  differently,  producing  an  ether 
I  !6HuI03,  which  may  be  regarded  as  a  double  molecule  of  glycerin' 
having  lour  equivalents  of  hydroxyl  replaced  by  two  atoms  of 
oxygen,  and  a  fifth  by  iodine,  CGH10O,(OH)I. 

The  chlorides  and  bromides  of  phosphorus  act  upon  glycerin  in 
the  same  manner  as  hydrochloric  and  hydrobromic  acid,  but  their 
action  goes  on  to  the  third  stage,  producing  trichlorhydrin  or 
propenyl  chloride,  and  the  corresponding  bromine  compound:' 

C3H5(0H)C12  +  PC15  =  PCI3O  +  HC1  +  03HKOL 

hydrin. 

Iodide  of  phosphorus  acts  on  glycerin  in  a  totally  different  man- 
ner, yielding  lodopropene  or  allyl  iodide,  C3H5r  (p.  613). 

Glycide.— When  dicmorhydrin  is  treated  with  potash,  it  dves 
up  a  molecule  of  hydrochloric  acid,  and  is  converted  into  a  com- 
pound, C3H50C1,  called  epichlorhydrin : 

C3H6(0H)C12    -    HC1    =  C3H60C1. 

This  compound  may  be  regarded  as  the  hydrochloric  ether  of  an 
a  cohol  C3H  O(OH),  caUed  glycide,  formed  from  glycerin  by 
^traction  of  H20  Dibromhydrin,  C3H5(OH)Br2,  treated  in  the 
same  manner,  yields  epibromhydrin,  or  the  hydrobromic  ether 
of  glycide,  C3H6OBr.  Epichlorhydrin  heated  with  dry  potassium 
iodide  is  converted  mto  epi-iodhydrin,  C3H6OI : 

C3H50C1   +   EI    =    KC1   +  c3H6OI. 

These  glycidic  ethers  are  easily  reconverted  into  bodies  of  the 
gycerm  type.    Thus  epichlorhydrin  combines  with  acetic  acid 
terming  glyceric  acetochlorhydrin  :  ' 

(W'CIO  +  HOC2H30  =  (C8H6rci(OH)(OCaH30); 
and  with  alcohol  in  like  manner,  forming  glyceric  ethvlchlor 
Mnn,  (C3H6y"Cl(OH)(OC2Hfl).  b  *  einyicnioi- 

Epichlorhyclrin  unites  directly  with  water,  forming  glyceric 
monochlorhydrin,  C3H6(0H)2C1.  0  ^Lycein 

Polyglycerins.— Two,  three,  or  more  molecules  of  elvcerin 
^  unite  m to  a  shigle  molecule,  with  elimination  of  a  mSe 

So,  wH  »        ^  }>Y  T  tha"  the  number  of  ^cerin  ™>e- 
ciues  which  comkne  together ;  thus  : 

2C3H5(OH)3    -    H20  =  (C3HrrA%m 

Glycerin.  -,.„.  lJyaM 

Diglycunn. 

3C3H6(OH)3     -  2H20  =  (wUPok) 

Glycerin.  ....  ,    1  }  /s 

Jrlglycerin. 
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Generally :  „ 

«C3H5(OH)3         (n-l)H20  =     (C3H6)W  j  (0H)n+2 

The  product  is  a  polyglycerin  whose  atomicity  (determined  by 
the  number  of  equivalents  of  hydroxyl  contained  m  it)  is  n+2 

The  mode  of  preparing  the  polyglycerms  is  similar  to  that  of 
the  polyethenic  alcohols  (p.  621),  and  consists  m  heating  glycerin 
with  chlorhydrin,  whereby  diglycerin  and  hydrochloric  acid  are 
formed : 

C3H5C1(0H)2  +  C3H5(OH)3  =   (C3H6)20(OH)4  +  HC1. 

The  hydrochloric  acid  thus  formed  converts  a  fresh  quantity  of 
cdycerin  into  chlorhydrin,  which  then  acts  in  a  similar  manner  on 
the  diglycerin  and  converts  it  into  triglycerin,  and  m  this  manner 
the  process  is  continued.  The  polyglycerins  may  then  be  separated 
by  fractional  distillation.  Their  properties  are  but  little  known, 
auintenyl   Alcohol,    or    Amyl    Glycerin,   C5H1203  = 

fC  H  Y"(OH)   This  compound  is  formed  from  bronioqurntene 

clibromide,  C5H9Br.Br2,  or  quintenyl  bromide,  C6HflBr3,  by  the 
series  of  processes  represented  in  the  following  equations : 

G6H9Br3  +  2AgOC2H30  =  2AgBr  +  (C6H9)"'  {  (0Cff^ 

Ouintenyl  SUver  Silver  Quintenyl  diaceto- 

Bte  acetate.  bromide.  bromhydnn. 

(W"  {  (0Cgs°>«  +  2KOH  =  2KOC2H30  +  C5H9"'  j  ™2 

Ouintenyl  diaceto-  Potassium         Potassium  Quintenyl 

Q  Cmhydiin.  hydrate.  acetate.  bromhydnn. 

(C5H9r  {  (°g)2  +  KOH  =  KBr  +  (C5H9)"'(OH)3 

Quintenyl  ^ 

bromhydrin.  alconoL 
Quintenyl  alcohol  is  a  thick  colourless  liquid,  having  a  sweet 
aromatic  taste,  and  soluble  in  water. 


TETRATOMIC  ALCOHOLS  AND  ETHERS. 

The  only  tetratomic  alcohols  at  present  known  are  erythrite, 
C4H10O4,  and  propylphycite,  C3H804. 

Erythrite,  C4H10O4  =  (C4HG)"(OH)4,  also  called  ErythrornMr 
nitc,  Erythroglucin,  and  Phycitc,  is  the  tetratomic  ^cohol  corre- 
sponding to  butyl  alcohol,  C4H10O,  and  butyl  glycol,  C4H10O2 ;  tne 
rurresponding  glycerin  is  not  known.        _  _ 

Erythrite  is  a  saccharine  substance,  existing  ready-iormea  m 
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Protococcus  vulgaris.  It  was  originally  discovered  by  Dr.  Stenliouse 
among  the  products  of  decomposition  of  erythric  acid.*  It  crys- 
tallises in  large  transparent  prisms,  is  readily  soluble  in  water, 
sparingly  soluble  in  alcohol,  insoluble  in  ether :  not  fermentable. 
Heated  with  hydriodic  acid,  it  yields  secondary  butyl  iodide 
C4H9I  (p.  598) : 

C4H10O4    +    7HI    =    C4H0I    -f    40H2    +  3I2. 

Heated  with  oxygen-acids,  it  forms  compound  ethers,  in  the 
maimer  of  alcohols  in  general;  thus,  with  benzoic  acid,  C7Ha02,  or 
HOC-H.O,  it  forms  a  dibenzoate,  (C4H„)w(OH)9(OC7H60)2,  and  a 
hexbenzoate,  (C4H6)iv(OC7H.O)4.2C7H0O2,  consisting  of  neutral 
henzoyl-erythrite  united  with  two  molecules  of  benzoic  acid. 

Propylphycite,  C3H804  =  (C3H4)w(OH)4.  —  This  alcohol  is 
obtained  synthetically  by  the  following  series  of  processes  :  ] .  Epi- 
chlorhydrin  (p.  627)  combines  with  hypochlorous  acid,  forming 
the  chchlorhydrin  of  propylphycite : 

C3H50C1    +    ClOH    =  (CaH^-Cl^OH),. 

2.  This  dichlorhydrin,  treated  with  silver  acetate,  is  converted 
into  the  corresponding  diacetiu,  (C3H4)w(OC2H30)2(OH)2.— 3.  The 
diacetin,  heated  with  aqueous  potash,  yields  the  tetratomic 
alcohol. 

Propylphycite  is  a  colourless,  solid,  amorphous  mass,  which 
deliquesces  in  the  air  to  a  glutinous  liquid.  It  has  a  sweetish 
taste,  dissolves  easily  in  alcohol,  and  resembles  erythrite  in  its 
chemical  relations.  With  firming  nitric  acid,  it  forms  nitropro- 
pylphycite,  C3H7(N02)04. 

Carbon  tetrachloride,  CCL,  may  be  regarded  as  a  tetratomic 
ether ;  the  corresponding  alcohol,  C(OH)4,  is  theoretically  possible 
but  is  not  actually  known. 


PENTATOMIC  ALCOHOLS. 

Pinite  and  quercite,  two  saccharine  substances  having  the 
composition  C8H1206,  probably  belong  to  this  class  of  bodies,  inas- 
much as  they  produce  ethers  when  treated  with  acids,  and  the 
atomicity  of  an  alcohol— that  is  to  say,  the  number  of  replaceable 
hydrogen-atoms  which  it  contains— is  equal  to  the  number  of 
oxygen-atoms  in  its  molecule ;  such  indeed  is  the  case  with  all  the 
alcohols  described  in  the  preceding  pages. 

Pinite  is  contained  in  the  sap  of  a  Californian  pine  (Pimm 
Larnbertiana),  and  is  deposited  from  the  aqueous  extract  of  I  he 
hardened  juice,  in  hard  white  crystalline  nodules,  as  sweet  as 


*  See  the  chapter  on  colouring  matters. 
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cane-sugar  very  soluble  in  water,  nearly  insoluble  in  alcohol. 
It  turns  the  plane  of  polarisation  of  a  luminous  ray  to 
the  right ;  is  not  fermentable.  With  benzoic  acid  it  forms 
dibenzopinite,  C0H7(OC7H5O)2(OH)3,  and  tetrabenzopinite, 
CGH7(OC7H50)4(OH) ;  and  similar  compounds  with  stearic  acid. 

Quercite  is  a  saccharine  substance  extracted  from  acorns,  by 
treating  the  aqueous  infusion  with  milk  of  lime  to  remove  tannic 
acid,  leaving  the  liquid  to  ferment  with  yeast  to  remove  ferment- 
able sugar,  evaporating  the  filtrate  to  a  syrup,  and  leaving  it  to 
crystallise.  It  forms  hard  monochnic  crystals,  which  grate  be- 
tween the  teeth,  and  are  soluble  in  water  and  in  hot  dilute  alcohol. 
Heated  in  a  sealed  tube  with  benzoic  acid,  it  forms  dibenzoquer- 
cite,  C6H7(OC7H60)2(OH)3. 


HEXATOMIC  ALCOHOLS  AND  ETHERS. 

This  class  of  compounds  includes  most  of  the  saccharine  sub- 
stances found  in  plants,  and  others  produced  from  them  by  artifi- 
cial transformation.  Two  of  the  natural  sugars,  mannite  and 
dulcite,  having  the  composition  C6Hu06,  or  (CyS^"^!!),;,  are 
saturated  hexatornic  alcohols  derived  from  the  saturated  hydro- 
carbon, C6H14.  Several  others,  called  glucoses,  contain  C0H12O6, 
that  is  to  say,  two  atoms  of  hydrogen  less  than  mannite  and 
dulcite,  and  may  therefore  be  regarded — so  far  as  composition  is 
concerned — as  the  aldehydes  of  these  alcohols ;  moreover,  ordinary 
glucose  (grape-sugar)  is  converted  into  ruannite  by  the  action  of 
nascent  hydrogen,  just  as  acetic  aldehyde,  C2H40,  is  converted  into 
common  alcohol,  C2HG0.  Further,  there  are  ctigluco  sic  alcohols. 
G12H22011(  =  2C6H1206-H20),  related  to  the  glucoses  in  the  same 
maimer  as  diethenic  alcohol  to  glycol,  or  diglycerin  to  glycerin : 
the  most  important  of  these  are  cane-sugar  and  milk-sugar; 
and,  lastly,  there  are  certain  vegetable  products — viz.,  starch, 
cellulose,  and  a  few  others,  represented  by  the  formula  C6H10O5, 
or  multiples  thereof,  which  may  be  regarded  as  the  oxygen-ethers 
or  anhydrides  of  the  glucoses,  or  of  the  diglucosic  alcohols,  inas- 
much as  they  differ  therefrom  by  a  molecule  of  water. 


Saturated  Hexatomic  Alcohols. 

Mannite ,  C6H140„  =  (C6H8)(OH)6.— This  is  the  chief  compo- 
nent of  manna,  an  exudation  from  a  species  of  ash ;  it  is  also  found 
in  the  juice  of  certain  other  plants,  in  several  sea-weeds,  and  in 
mushrooms.  It  is  best  prepared  by  treating  manna  with  boiling 
alcohol,  and  filtering  the  solution  whilst  hot;  it  then  crystallises 
on  cooling  in  tufts  of  slender  needles.    Mannite  may  be  produced 


MANNITE. 
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art  ificially  by  treating  a  solution  of  glucose  with  sodium-amalgam, 
I  Ik-  glucose  then  taking  up  2  atoms  of  hydrogen : 


CGH12O0 


+    Ho  = 


C<sHu°o  • 


The  same  transformation  of  glucose  sometimes  takes  place  under 
the  action  of  certain  ferments. 

Mannite  crystallises  in  thin  four-sided  prisms,  easily  soluble  in 
water  and  in  hot  alcohol,  insoluble  in  ether.  It  is  slightly  sweet, 
has  no  action  on  polarised  light,  and  is  not  fermentable  except 
under  very  un  usual  conditions. 

By  oxidation  in  contact  with  platinum  black,  mannite  is  con- 
verted into  mannitic  acid,  C0H12O7,  and  mannitose,  CflH12Oc, 
a  kind  of  sugar  isomeric  with  glucose.  By  oxidation  with  nitric 
acid  it  yields  saccharic  acid,  C6H10O8,  and  ultimately  oxalic 
acid.  Mannitic  acid  and  saccharic  acid  are  related  to  mannite  in 
the  same  manner  as  glycollic  acid  and  oxalic  acid  to  glycol ;  the 
relation  between  the  three  compounds  is  shown  by  the  following 
formulae : 


CH2OH 

CHOH 

CHOH 

CHOH 

CHOH 

CH2OH 

Jfunnite. 


COOH 
CHOH 
CHOH 
CHOH 
CHOH 
CH2OH 

Mannitic 
acid. 


COOH 
CHOH 
CHOH 
CHOH 
CHOH 
COOH 

Saccharic 
acid. 


By  fuming  nitric  acid,  or  more  easily  by  a  mixture  of  nitric 
and  sulphuric  acids,  mannite  is  converted  into  nitromannite, 
C0H8(NO2)6Oc,  a  crystalline  body,  which  explodes  violently  by 
percussion  or  when  suddenly  heated,  and  is  reconverted  into 
mannite  by  ammonium  sulphide.  "With  sulphuric  acid  manuite 
forms  stilphomannitic  acid,  C,,H1406.3S03. 

-Mannite,  treated  with  hydriodic  acid,  is  converted  into  secondarv 
hexyl  iodide,  or  hexylene  hydriodide  (p.  606) : 


6H20 


+  5I2 


+    11HI    =    CCH13I  + 

Mannite,  heated  with  orgct/n/ic  acids  forms  compound  ethers,  aft  er 
the  manner  of  alcohols  in  general,  the  elements  of  the  mannite  and 
the  acid  uniting  together,  with  elimination  of  one  or  more  mole- 
cules of  water.  The  resulting  compounds,  called  mannitanides, 
hear  a.  considerable  resemblance  to  the  fats;  but  their  composition 
lias  not  been  very  exactly  determined. 

These  ethers,  when  Baponified  with  alkalis,  yield,  not  mannite, 
outmannitan,  CaH1206,  a  compound  differing  from  mannite  by 
one  molecule  of  water.    The  same  compound  is  obtained  in  small 
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quantity  by  heating  mannite  to  200°,  and  more  easily  by  prolonged 
boiling  of  mannite  with  strong  hydrochloric  acid.  It  is  a  syrupy 
liquid,  which  volatilises  slowly  at  140°,  and  dissolves  easily  in 
water  and  in  cold  absolute  alcohol :  this  last  property  affords  the 
means  of  separating  it  from  mannite.  When  exposed  to  the  air, 
it  slowly  absorbs  water,  and  is  reconverted  into  mannite;  the 
change  is  accelerated  by  boiling  with  acids  or  with  alkalis. 

Mannite,  boiled  with  butyric  acid,  gives  up  two  molecules  of 
water,  and  is  converted  into  mannide,  C6H10O4,  which  is  also  a 
syrupy  liquid,  but  differs  from  maimitan  in  being  much  more 
volatile,  evaporating  rapidly  at  140°,  and  in  being  quickly  recon- 
verted into  mannite  by  exposure  to  moist  air.  It  dissolves  easily 
in  water  and  in  absolute  alcohol. 

Dnlcite,  C0H14O6,  also  called  Dulcin,  Dulcose,  and  Melampyrite. 
— This  sugar,  isomeric  with  mannite,  is  obtained  from  a  crystal- 
line substance,  of  unknown  origin,  imported  from  Madagascar :  it 
is  extracted  therefrom  by  boiling  with  water,  and  crystallises  from 
the  filtered  solution.  Dulcite  is  likewise  obtained  from  Melampy- 
rum  nemorosvm,  by  mixing  the  aqueous  decoction  of  the  plant 
with  lime,  concentrating,  adding  hydrochloric  acid  in  slight  excess, 
and  evaporating  a  little  :  it  then  separates  in  crystals  as  the  liquid 
cools. 

Dulcite  is  a  sweet  substance  resembling  mannite  in  most  of  its 
properties,  but  differing  from  it  in  its  crystalline  form,  which  is 
that  of  a  monoclinic  prism,  whereas  the  crystals  of  mannite  are 
trimetric ;  also  in  its  melting  point,  dulcite  melting  at  182°,  man- 
nite at  165°,  and  by  yielding,  when  oxidised  with  nitric  acid,  not 
saccharic  acid,  but  mucic  acid,  which  is  isomeric  therewith. 
Heated  with  organic  acids,  it  forms  ethers  called  dulcitanides, 
analogous  to  the  mannitanides,  and  yielding  by  saponification, 
not  dulcite,  but  dulcitan,  C6H1205,  which  may  likewise  be 
obtained  by  heating  dulcite,  or  by"  boiling  it  with  hydrochloric 
acid. 

Isodulcite,  C6H1406,  or  C6H1205.H20,  a  saccharine  substance 
isomeric  with  mannite  and  dulcite,  is  produced  by  the  action  of 
dilute  acids  on  quercitrin  (p.  641).  It  forms  large  transparent, 
regularly  developed  crystals  resembling  those  of  cane-sugar :  it  16 
sweeter  than  grape-sugar,  not  fermentable,  dissolves  in  209  parts 
of  water  at  18°,  and  easily  in  absolute  alcohol.  The  solutions  turn 
the  plane  of  polarisation 'to  the  right.  Isodulcit  e  melts  with  loss 
of  water  between  105°  and  110°,  is  coloured  yellow  or  brown  by 
strong  sulphuric  acid  and  caustic  alkalis,  and  reduces  cupric  oxide. 
By  a  mixture  of  nitric  and  sulphuric  acids,  it  is  converted  into  a 
slightly  explosive  nitro-compound,  CGH0(NO2)3O5. 
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Glucoses,  C6H120G. 

The  sugars  included  in  this  formula  may  he  regarded  as  alde- 
hydes of  the  saturated  alcohols,  CBH14Oc.  Ordinary  glucose  (grape- 
sugar)  is  converted  into  mannite  hy  the  action  of  nascent  hydrogen 
(p.  631),  and,  on  the  other  hand,  mannite,  when  slowly  oxidised  in 
contact  with  platinum  black,  is  partly  converted  into  mannitose. 
Nevertheless,  the  glucoses  still  exhibit  the  characteristic  property  of 
alcohols,  namely,  that  of  forming  ethers  by  combination  with  acids 
and  elimination  of  water.  The  formula  of  a  glucose  may  indeed 
be  derived  from  that  of  mannite  given  on  page  631,  by  removing 
two  hydrogen-atoms  from  one  of  the  groups,  CH2OH,  the  other 
groups  remaining  as  before  ;  the  glucoses  may  therefore  be  expected 
to  act  as  pentatomic  alcohols.  Bodies  thus  constituted  may  be 
called  alcoholic  aldehydes. 

The  following  varieties  of  glucose  are  known : — 

1.  Ordinary  glucose,  produced  by  hydration  of  starch  under  the 
influence  of  dilute  acids  or  of  diastase,  and  existing  ready-formed, 
together  with  other  kinds  of  sugar,  in  honey  and  various  fruits, 
especially  in  grapes,  and  alone  in  diabetic  urine. 

2.  Maltose,  produced  by  the  limited  action  of  diastase  on  starch, 
and  differing  from  glucose  only  in  its  optical  rotatory  power. 

3.  Levulose,  existing  in  cane-sugar  which  has  been  acted  upon  by 
acids,  and  obtained  pure  by  the  action  of  dilute  acids  upon  a  variety 
of  starch  called  inulin. 

4.  Mannitose,  produced  by  oxidation  of  mannite. 

5.  Galactose,  formed  by  the  action  of  acids  on  mdk-sugar. 
.  6.  Inosite,  existing  in  muscular  flesh. 

7.  Sorbin,  obtained  from  mountain-ash  berries. 

8.  Eucalyn,  existing,  together  with  another  kind  of  sugar,  in  the 
so-called  Australian  manna. 

The  first  four  of  these  glucoses  exhibit  but  very  slight  diversity 
in  their  chemical  properties,  differing  chiefly  indeed  in  their  action 
on  polarised  light,  and  a  few  other  physical  properties.  They  all 
yield  saccharic  acid  by  oxidation.  Galactose  differs  from  them  in 
yielding  mucic  acid  when  oxidised.  Inosite,  sorbin,  and  eucalyn 
exhibit  still  greater  differences  in  their  chemical  properties,  espe- 
cially in  not  being  fermentable,  except  under  very  peculiar  circum- 
stances, whereas  the  five  other  glucoses  undergo  vinous  fermenta- 
tion when  placed,  under  certain  conditions,  in  contact  with 
yeast. 

All  the  glucoses,  except  inosite,  are  decomposed  by  boiling  with 
aqueous  alkalis;  this  property  distinguishes  them  from  mannite 
and  dulcite.  They  are  not  carbonised  by  strong  sulphuric  acid  at 
ordinary  temperatures.  When  boiled  with  a  solution  of  potassio- 
cupric  tartrate,  they  throw  down  the  copper  in  the  form  of  red 
cuprous  oxide. 
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1.  Ordinary  Glucose,  Dextro-glucose,  Dextrose,  C0H12OQ. 
— This  variety  of  sugar  is  very  abundantly  diffused  through 
the  vegetable  kingdom  :  it  may  be  extracted  in  large  quantity 
from  the  juice  of  sweet  grapes  (whence  it  is  often  called  grape- 
sugar),  also  from  honey,  of  which  it  forms  the  solid  crystalline 
portion,  by  washing  with  cold  alcohol,  which  dissolves  the  fluid 
syrup.  The  appearance  of  this  substance,  to  an  enormous  extent, 
in  the  urine,  is  the  most  characteristic  feature  of  the  disease 
called  diabetes.  It  exists  in  diabetic  urine  unmixed  with  any 
other  kind  of  sugar,  and  is  easily  obtained  by  concentrating  the 
liquid  till  it  crystallises,  washing  the  crystals  with  cold  alcohol, 
dissolving  them  in  water,  and  re-crystallising.  It  may  also  be 
prepared  from  starch  by  the  action  of  diastase,  a  peculiar  ferment 
existing  in  germinating  barley,  or  by  boiling  with  dilute  sulphuric 
acid.  In  these  reactions  the  starch  takes  up  the  elements  of 
water,  and  is  resolved  into  glucose  and  dextrin,  a  compound 
isomeric  with  starch  itself. 

3C0H10O5    +    H20    =    C8H120G    +  2CeH10O5 

Starch.  Glucose.  Dextrin. 

Glucose  is  always  prepared  from  starch  when  required  in  con- 
siderable quantity  (p.  646).  Cellulose  is  likewise  converted  into 
glucose  by  the  action  of  acids  (p.  649).  Lastly,  glucose  is  pro- 
duced by  boiling  natural  glucosides  with  dilute  acids. 

Glucose  is  much  less  sweet  than  cane-sugar,  and  less  soluble  in 
water,  and  in  alcohol;  anhydrous  glucose  dissolves  in  l-224  parts 
of  water  at  15°.  From  its  aqueous  solution  it  separates  in  granular 
warty  masses,  consisting  of  a  hydrate,  G6H1206 .  H20,  which  leaves 
anhydrous  glucose  as  a  fused  transparent  mass  when  heated  to. 
100°,  or  as  a  dry  white  powder  when  heated  to  55°  or  60°  in  a 
stream  of  dry  air.  The  alcoholic  solution  deposits  anhydrous 
glucose  in  microscopic  needles  which  melt  at  140°.  In  the  state  of 
solution  glucose  turns  the  plane  of  polarisation  of  a  ray  of  light 
to  the  right  (hence  the  names  dextroglucose  and  dextrose) :  its  specific 
or  molecular  rotatory  power*  is  -f-  56°,  and  does  not  vaiy  with 
the  temperature. 

*  The  specific  or  molecular  rotatory  power  of  an  optically  active  sub- 
stance, usually  denoted  by  the  symbol  [a],  is  measured  by  the  number  of 
degrees  through  which  a  column  100  millimeters  or  1  decimeter  thick,  of  a 
solution  containing  1  gram  of  the  pure  substance,  would  rotate  the  plane 
of  polarisation,  supposing  the  specific  gravity  of  the  solution  to  be  =  1. 
Hence,  if  the  molecular  rotatory  power  [a]  is  known,  the  rotation,  a,  of  the 
plane  of  polarisation  caused  by  a  stratum  1  decimeter  thick,  of  a  solution 
of  sp.  gr.  1,  and  containing  e  grams  of  substance  in  1  gram  of  solution,  is 
expressed  by  the  equation,  a  =  e  [a].  If,  however,  the  sp.  gr.  is  <5,  we 
have  a  =  e[a]<5.  If  the  thickness  of  the  stratum  is  X.  decimeters,  we  have 
finally : 

a  =  e[a]<5\. 

If,  then,  the  angle  of  rotation,  a,  has  been  found  by  experiment,  the 
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Glucose  may  be  heated  to  120°  or  even  130°  without  alteration, 
hut  at  170°  it  gives  off  water  and  is  converted  into  glucosan, 
C0H10Ofl,  which,  when  freed  from  caramel  (p.  646)  by  means  of 
charcoal,  and  from  glucose  by  fermentation,  forms  a  colourless 
mass,  scarcely  sweet  to  the  taste,  and  having  somewhat  less  dextro- 
rotatory power  than  glucose.  At  higher  temperatures  glucose 
blackens  and  suffers  complete  decomposition.  Glucose  boiled  for 
some  time  with  dilute  sulphuric  or  hydrochloric  acid,  is  converted 
into  brown  substances  called  ulmin,  ulmic  acid,  &c. — Strong  sul- 
phuric acid  converts  it  at  ordinary  temperatures  into  sulpho- 
saccharic  acid,  C6H1205S03,  which  forms  a  soluble  barium  salt. 

Lime,  baryta,  and  lead  oxide  dissolve  slowly  in  aqueous  solu- 
tion of  glucose,  and  on  adding  alcohol  to  the  liquid,  com- 
pounds of  these  oxides  with  glucose  are  precipitated.  The 
barium  compound  is  said  to  contain  (C2H12Oc)2(BaO)3.2H20 ;  the 
calcium  compound,  (C8H12On)2(CaO)3.2H20 ;  the  lead  compound, 
(C6H12Oe),i2(PbO)3(OH)6.  These  compounds  are,  however,  very 
unstable,  being  decomposed  at  the  heat  of  boiling  water.  Glu- 
cose also  combines  with  sodium  chloride,  forming  the  compound 
(C6H1206)2NaCl.H20. 

Glucose,  boiled  with  a  cupric  salt  in  presence  of  alkalis,  easily 
reduces  the  cupric  oxide  to  cuprous  oxide  :  by  this  character  it  is 
easily  distinguished  from  cane-sugar. 

When  solutions  of  cane-sugar  and  glucose  are  mixed  with  two 
separate  portions  of  solution  of  cupric  sulphate,  and  caustic  potash 
is  added  in  excess  to  each,  deep-blue  liquids  are  obtained,  which, 
on  being  heated,  exhibit  different,  characters  :  the  one  containing 
cane-sugar  is  the  first  but  little  altered  ;  a  small  quantity  of  red 
powder  falls  after  a  time,  but  the  liquid  long  retains  its  blue  tint ; 

quantity  of  substance,  e,  in  1  gram  of  solution  is  given  by  the  equa- 
tion 


[a]8\ 


If,  on  the  other  hand,  it  is  desired  to  determine  the  specific  rotatory 
power,  we  have  the  equation, 


For  example,  by  dissolving  11  '347  grams  of  dextro-glucose  in  88'6o3 
RTams  of  water,  a  solution  is  obtained,  having  a  sp.  gr.  of  1-048,  and  pro- 
ducing in  a  tube  2  decimeters  long,  a  rotation  of  13-7°.  Hence  the  molecular 
rotatory  power  of  dextro-glucose  is  given  by  the  equation, 

1  1      0-11347  x  2  x  1-048. '  ~  ' 

The  rotation  is  generally  observed  for  the  transition  lint,  between  tlio 
blue  and  the  purple,  in  which  case  the  molecular  rotatory  power  is  denoted 
By  tin-  simple  symbol  fa];  sometimes,  however,  it  is  observed  for  the  red 
wy;  and  in  this  case  the  symbol  [o]P  is  employed.  Tin'  rotation  is  dis- 
tinguished as  +  or  -,  accordingly  as  it  takes  place  to  the  right  or  the  left. 
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with  the  glucose,  on  the  other  hand,  the  first  application  of  heal 
throws  clown  a  copious  greenish  precipitate,  which  rapidly  changes 
to  scarlet,  and  eventually  to  dark-red  cuprous  oxide,  leaving  a 
nearly  colourless  solution.  If  the  analyst  has  but  small  quantities 
of  material  at  his  disposal,  a  mixture  of  cupric  sulphate  and 
tartaric  acid,  to  which  an  excess  of  potash  has  been  added,  may  he 
used  with  advantage.  This  solution,  called  potassio-cwpric  tartrate, 
is  an  excellent  test  for  distinguishing  the  two  varieties  of  sugar, 
or  discovering  an  admixture  of  glucose  with  cane-sugar. 

Glucose  mixed  in  dilute  solution  with  yeast  and  exposed  to  a 
temperature  of  21°-26°,  easily  undergoes  vinous  fermentation 
(p.  572). 

2.  Maltose,  C6H1206. — This  name  is  given  by  Dubrunfaut  to 
the  sugar  produced  by  the  action  of  diastase  upon  starch.  It  has 
a  dextro-rotatory  power  three  times  as  great  as  that  of  ordinary 
glucose,  but  resembles  the  latter  in  all  other  respects,  and  is  con- 
verted into  it  by 'boiling  with  dilute  acids.  It  appears  to  be  merely 
a  physical  modification  of  glucose,  the  difference  between  the  two 
depending  on  the  arrangement  of  the  molecules,  not  on  that  of  the 
atoms  within  a  molecule. 

3.  Levulose,  C6H1206. — This  sugar,  distinguished  from  dextro- 
glucose  by  turning  the  plane  of  polarisation  to  the  left,  occurs, 
together  with  dextro-glucose,  in  honey,  in  many  fruits,  and  in 
other  saccharine  substances.  The  mixture  of  these  two  sugars  in 
equivalent  quantities  constitutes  fruit-sugar,  or  invert  sugar, 
which  is  itself  levorotatory,  because  the  specific  rotatory  power  of 
levulose  is,  at  ordinary  temperatures,  greater  than  that  of  dextro- 
glucose. 

Cane-sugar  may  be  inverted,  that  is,  transformed  into  a  mixture 
of  equal  parts  of  dextro-glucose  and  levulose,  by  wanning  with 
dilute  acids  : 

C^HffiOu    +    H20    =    C6H120„    -f-  C0H12O6. 

The  same  change  is  brought  about  by  contact  with  yeast,  or  with 
pectase,  the  pecubar  ferment  of  fruits ;  it  likewise  takes  place 
slowly  when  a  solution  of  cane  sugar  is  left  to  itself. 

To  separate  the  levulose,  the  invert  sugar  obtained  from 
10  grams  of  cane-sugar  is  mixed  with  6  grams  of  slaked  Ume  and 
100  grams  of  water,  whereby  a  solid  calcium-compound  of  levulose 
is  formed,  while  the  whole  of  the  dextro-glucose  remains  hi  solu- 
tion, and  may  be  separated  from  the  precipitate  by  pressure.  The 
calcium  salt  of  levulose  suspended  in  water  and  decomposed  by 
carbon  dioxide,  yields  a  solution  of  pure  levulose,  which  may  be 
filtered  and  concentrated  by  evaporation.  Levulose  may  be  at 
once  obtained  in  the  pure  state  by  the  action  of  dilute  acids  on 
inulin. 

Levulose  is  a  colourless  uncrystallisable  syrup,  as  sweet  as  cane- 
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sugar,  more  soluble  in  alcohol  than  dextro-glucose.  Its  rotatory 
power  is  much  greater  than  that  of  dextro-glucose  at  ordinary 
temperatures,  hut  diminishes  as  the  temperature  rises.  For  the 
transition  tint,  [«]  =  -  106°  at  14° ;  =  -  79-5°  at  52° ;  =  -  53°  at 
90°.  Now,  the  rotatory  power  of  dextro-glucose  is  the  same  at  all 
temperatures,  and  equal  to  +  56°  ;  consequently  that  of  invert 
sugar,  which  is  -25°  at  15°,  duninishes  by  about  one-half  at  52°, 
becomes  nothing  at  90°,  and  changes  sign  above  that  tempera- 
ture. 

Levulose  exhibits,  for  the  most  part,  the  same  chemical  reactions 
as  dextro-glucose,  but  is  more  easily  altered  by  heat  or  by  acids, 
and  on  the  contrary  offers  greater  resistance  to  the  action  of  alkalis 
or  of  ferments. 

Levulosan,  C6H10O5,  the  oxygen-ether  or  anhydride  of  levu- 
lose, is  produced,  together  with  dextro-glucose,  by  melting  cane- 
sugar  for  some  time  at  160°  : 

C12H22Ou    =    C6H10O5    +  C6H1206. 

The  glucose  may  be  removed  from  the  liquid  by  fermentation, 
and  the  levulosan,  which  is  unfermentable,  may  be  obtained  by 
evaporation  as  an  uncrystallisable  syrup.  By  boiling  with  water 
or  ddute  acids,  it  is  converted  into  a  fermentable  levorotatory 
sugar,  probably  levulose. 

4.  Mannitose,  C8H1206.— This  is  the  sugar  produced,  together 
with  mannitic  acid,  by  the  oxidation  of  mannite  in  contact  with 
platinum  black.  It  may  be  separated  by  saturating  the  liquid 
with  lime,  precipitating  the  calcium  mannitate  with  alcohol, 
evaporating  the  filtrate  to  a  syrup,  adding  alcohol,  again  filtering, 
and  evaporating  to  dryness. 

Mannitose  is  syrupy,  uncrystallisable,  fermentable,  inactive  to 
polarised  light,  and  resembles  the  other  glucoses  in  its  chemical 
reaction. 

5.  Galactose,  C8H12O0,  is  produced  by  boiling  milk-sugar  with 
dilute  acids.  It  is  soluble  in  water,  sparingly  soluble  in  cold 
alcohol,  crystallises  more  readily  than  ordinary  glucose  ;  has  a 
dextro-rotatory  power  of  83-3° ;  and  is  very  easily  fermentable. 
1 1  resembles  dextro-glucose  in  most  of  its  reactions,  but  is  distin- 
guished from  all  the  four  glucoses  above  described  by  yielding 
mucic  instead  of  saccharic  acid,  when  oxidised  by  nitric  acid. 

6.  Inosite,  or  Phaseomannite,  CBH;20„,  is  a  variety  of  glucose 
occurring  m  the  muscular  substance  of  the  heart  and  other  organs 
of  the  animal  body  ;  also  in  green  kidney-beans,  the  unripe  fruit 
of  Phaseolus  vulgaris,  and  in  many  other  plants.  It  forms  pris- 
matic crystals,  resembling  gypsum,  soluble  in  water,  but  insoluble 
in  alcohol  and  ether.  It  may  be  boiled  with  strong  aqueous 
potasb  or  baryta  without  alteration  or  coloration.  If  this  sugar 
be  evaporated  with  nitric  acid  nearly  to  dryness,  the  residue  mixed 
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with  a  little  ammonia  and  calcium  chloride,  and  again  evaporated, 
a  beautiful  and  characteristic  rose  tint  is  produced. 

Inosite  does  not  ferment  with  yeast,  hut  in  contact  with  cheese, 
flesh,  or  decaying  membrane  and  chalk,  it  undergoes  lactous  fer- 
mentation, producing  lactic,  butyric,  and  carbonic  acids. 

7.  Sorbin,  or  Sorbite,  C6H120e,  is  a  crystallisable  sugar  existing 
in  the  juice  of  ripe  mountain-ash  berries  (Sorbus  aucuparia).  The 
juice,  when  allowed  to  stand  for  some  time  in  open  vessels, 
deposits  a  brown  crystalline  matter,  which  may  be  obtained  in 
transparent  colourless  crystals  belonging  to  the  trimetric  system. 
This  substance  is  almost  insoluble  in  alcohol,  but  easily  soluble  in 
water,  to  which  it  imparts  an  exceedingly  sweet  taste.  A  solution 
of  sorbin,  mixed  with  ammonia  and  lead  acetate,  yields  a  white 
ftocculent  precipitate,  containing  C6H4Pb"06.  With  sodium 
chloride  it  forms  a  compound  which  crystallises  in  cubes. 

Sorbin  is  converted  by  hot  nitric  acid  into  oxalic  acid.  It  does 
not  ferment  with  yeast,  but  in  contact  with  cheese  and  chalk,  at 
40°,  it  undergoes  lactous  fermentation,  yielding  a  large  quantity 
of  lactic  acid,  together  with  alcohol  and  butyric  acid. 

8.  Eucalyn,  C6H1206,  is  an  unfermentable  sugar,  separated  in 
the  fermentation  of  ""melitose  (the  sugar  of  the  Eucalyptus  of 
Tasmania),  in  consequence  of  the  destruction  of  a  fermentable 
land  of  sugar  which,  in  combination  with  eucalyn,  constitutes 
melitose  : 

C12H22On  +  H20  =  2C02  +  2C2H60  +  C6H1206 

Melitose.  Alcohol.  Eucalyn. 

On  evaporating  the  liquid,  the  eucalyn  remains  as  an  uncrystal- 
lisable  syrup,  having  a  specific  rotatory  power  of  +  50°  nearly. 
It  is  not  rendered  fermentable  by  the  action  of  sulphuric  acid. 


GLUCOSIDES. 

When  ordinary  glucose  is  heated  to  100°-120°  for  fifty  or  sixty 
hours  with  acetic,  butyric,  stearic,  benzoic,  and  other  organic  acids, 
the  two  unite,  with  elimination  of  water,  and  compound  ethers 
called  glucosides  are  formed,  analogous  to  the  mannitanides.  A 
number  of  these  artificial  glucosides  have  been  prepared  by  Bertbe- 
lot,  who  regards  them  as  derivatives  of  glucosan,  C6H10O6,  because 
when  heated  with  alkalis  they  yield  glucosan,  not  glucose._  Thus, 
there  is  a  glucoso-butyric  ether  to  which  Berthelot  assigns  the 
formula  C6iL(C4H70),0fi,  and  an  acetic  ether,  which  he  regards  as 
as  hexaceto-glucosan,  CeH4(C2H30)fP6 ;  but  they  are  merely  oily 
liquids,  which  are  very  difficult  to  obtain  pure,  and  therefore  their 
analyses  are  not  much  to  be  depended  on. 

A  considerable  number  of  bodies  of  similar  constitution  exist 
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ready-formed  in  plants,  many  of  them  constituting  the  bitter 
principles  of  the  vegetable  kingdom.  None  of  these  natural  glu- 
cosides  have  been  produced  artificially,  but  they  are  all  resolved 
by  boiling  with  dilute  acids  into  glucose  and  some  other  com- 
pound. We  shall  describe  some  of  the  most  important  of  these 
bodies. 

iEsculin,  C21H,4013,  is  a  crystalline  fluorescent  substance 
obtained  from  the  bark  of  the  horse-chestnut,  and  other  trees  of 
the  genera  JEsculus  and  Pavia.  It  has  a  bitter  taste,  is  slightly 
soluble  in  water  and  alcohol,  more  soluble  in  the  same  liquids  at 
the  boding  heat,  nearly  insoluble  in  ether.  It  is  coloured  red  by 
chlorine.  By  boiling  with  hydrochloric  or  dilute  sulphuric  acid, 
it  is  resolved  into  glucose  and  a  bitter  crystalline  substance  called 
cesculetin,  C9H604; 

OnH^Qu    +    3H20    =    2CBH12Oc    +  C9H604. 

The  aqueous  solution  of  sesculin  is  highly  fluorescent*  the 
reflected  light  being  of  a  sky-blue  colour.  Nearly  the  same 
fluorescent  tint  is  exhibited  by  an  infusion  of  horse-chestnut  bark. 
The  colour  of  the  latter  is,  however,  slightly  modified  by  the  pre- 
sence of  another  substance,  paviin,  which  exhibits  a  blue-green 
fluorescence;  it  may  be  separated  from  sesculin  by  its  greater 
solubility  in  ether.  iEsculin  and  paviin  appear  to  exist  together 
in  the  barks  of  all  species  of  JEscuhis  and  Pavia, — sesculin.  being 
more  abundant  in  the  former,  and  paviin  in  the  latter. 

Amygdalin,  C20H27NOn.3H2O,  is  a  crystalline  body  existing 
m  bitter  almonds,  the  leaves  of  the  cherry-laurel  (Cerasus  Lauro- 
cerasus),  and  many  other  plants  which  by  distillation  yield  hydro- 
cyanic acid  and  bitter-almond  od,  C7H60.  These  compounds  do 
not  exist  ready-formed  in  the  plants,  but  are  produced  by  the 
decomposition  of  amygdalin  under  the  influence  of  enmlsin  or 
Sjnaptase,  a  nitrogenised  ferment  likewise  existing  in  the  plant. 
The  decomposition  is  expressed  by  the  equation — 

C20H27NOU  +  2H20  =  C7HcO  +  CNH  +  2C0H12O6. 

+w  PrePare  amygdalin,  the  paste  of  bitter-almonds,  from  which 
the  fixed  oil  has  been  expressed,  is  exhausted  with  boiling  alcohol, 
Vrfuch  coagulates  the  synaptase,  renders  it  inactive,  and  dissolves 
oat  the  amygdalin.  The  alcoholic  liquid  is  distilled  in  a  water- 
bath,  and  the  syrupy  residue  is  diluted  with  water,  mixed  with  a 
nttle  yeast,  and  set  in  a  warm  place  to  ferment :  a  portion  of 
spgar  present  in  the  almonds,  is  thus  destroyed.  The  filtered 
liquid  is  then  evaporated  to  a  syrup  in  a  water- bath,  and  mixed 
With  alcohol,  which  throws  down  the  amygdalin  as  a  white  crys- 
talline powder:  the  latter  is  collected  on  a  cloth  filter,  pressed, 
redissolved  in  boiling  alcohol,  and  left  to  cool.  It  separates  in 
*  See  Liqut,  p.  72. 
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small  crystalline  plates  of  pearly  whiteness,  which  are  inodorous 
and  nearly  tasteless ;  it  is  decomposed  by  heat,  leaving  a  bulky 
coal  and  diffusing  the  odour  of  the  hawthorn.  In  water,  both  hot. 
and  cold  amygdalin  is  nearly  insoluble ;  a  hot  saturated  solution 
deposits,  on  cooling,  brilliant  prismatic  crystals,  which  contain 
water  In  cold  alcohol  it  dissolves  with  great  difficulty.  Heated 
with  dilute  nitric  acid,  or  a  mixture  of  dilute  sulphuric  acid  and 
mano-anese  dioxide,  it  is  resolved  into  ammonia,  bitter-almond 
oil  benzoic  acid,  formic  acid,  and  carbonic  acid ;  with  potassium 
permanganate,  it  yields  a  mixture  of  potassium  cyanate  and 

benzoate.  ,       .  .       .      .  J 

Synaptase  has  never  been  obtained  in  a  state  of  purity:  it  is 
described  as  a  yellowish- white,  opaque,  brittle  mass,  very  soluble 
in  water,  and  coagulable,  like  albumin,  by  heat,  in  which  case  it 
loses  its  specific  property.  In  solution  it  very  soon  becomes  turbid, 
and  putrefies.  The  decomposition  of  amygdalin  under  the  influ- 
ence of  this  body  may  be  exhibited  by  dissolving  a  portion  in  a 
lar^e  quantity  of  water,  and  adding  a  little  emulsion  of  sweet 
almonds :  the  odour  of  the  volatile  oil  immediately  becomes  appa- 
rent, and  the  liquor,  on  distillation,  yields  hydrocyanic  acid. 

Chitin  C9H15NO0,  is  the  substance  which  forms  the  elytra  and 
integuments  of  insects  and  the  carapaces  of  crustaceans.  It  is  best 
prepared  by  boiling  the  wing-cases  of  cockchafers  with  water, 
alcohol,  ether,  acetic  acid,  and  alkalis  in  succession,  as  long  as 
anything  is  dissolved  out  by  each.  Accordmg  to  Stadeler,  it  is 
resolved  by  boiling  with  dilute  acids  into  glucose  and  lactamide, 
03H7N02 : 

C9H15N06    +    2H20    =    C6H1206    +  C3H7N02. 

Gallotannic  Acid,  C7H22Ol7,  the  acid  contained  in  the  gall- 
nuts  of  Quercus  infectoria  and  other  species  of  oak,  and  ol  certain 
species  of  sumach,  is  a  glucoside,  resolved  by  the  action  of  acids 
into  glucose  and  gallic  acid,  C7Hc06 : 

C27H22Ol7    +    4H20    =    C8H1206    +  3C7H60£. 
It  will  be  described  in  connection  with  gallic  acid. 

Glycyrrhizin,  CMH3609;  Liquorice-sugar.— The  root  of  the 
common  liquorice  yields  a  large  quantity  of  a  peculiar  sweet  sub- 
stance, which  is  soluble  in  water,  but  refuses  to  crystalhse :  it 
cannot  be  made  to  ferment.  Glycyrrhizin  forms  sparingly  soluble 
compounds  with  acids ;  it  is  precipitated  from  its  solution  by  lead, 
calcium,  and  barium  salts,  the  precipitate  consisting  of  glycyr- 
rbizin  in  combination  with  the  base.  According  to  Gorup  Besanez, 
■  rlycyrrhizin  when  boiled  with  dilute  acids,  splits  into  a  resmous 
■  body  called  glycyrretin,  C18H20O4,  and  glucose. 

CnB.3aOa   +    H20    =    C18H2B04   +  C6H1206 
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Myronic  Acid,  C10H19NS2O10,  an  acid  existing  as  a  potassium 
salt  in  the  seed  of  black  mustard,  is  resolved  by  the  action  of 
myrosin,  an  albuminous  ferment  likewise  contained  in  the  seeds 
into  volatile  oil  of  mustard  (allyl  sulphocyanate),  glucose  and 
sulphuric  acid : 

C10H18KNS2O10  =  C3H5CNS  +  08H1206  +  HKS04. 

Phlorizin,  C21H24O10. 2H20. — This  is  a  substance  bearing  a 
great  likeness  to  salicin,  found  in  the  root-bark  of  the  apple  and 
cherry-tree,  and  extracted  by  boiling  alcohol.  It  forms  fine, 
colourless,  silky  needles,  soluble  in  1000  parts  of  cold  water,  but 
freely  dissolved  by  that  liquid  when  hot:  it  is  likewise  easily 
soluble  in  alcohol.  Dilute  acids  convert  phlorizin  into  glucose 
and  a  crystallisable  sweet  substance  called  phloretin  : 

C21H24O10    +    H20    =    C6H1206    +  C15H1405. 

Phlorizin,  fused  with  potash,  yields  phloretic  acid,  C9H10O3, 
a  beautilully  crystalline  acid,  homologous  with  salicylic  and  anisic 
acids,  together  with  phloroglucin,  CfiH603. 

Quercitrin  is  a  crystallisable  yellow  colouring  matter  occurring 
m  quercitron  bark,  the  bark  of  Quercus  infectoria,  whence  it  is 
extracted  by  boiling  with  water.  Its  composition  has  been  variously 
stated;  indeed  it  is  by  no  means  certain  that  the  so-called  querci- 
tnns  examined  by  different  chemists  were  really  identical  sub- 
stances. According  to  Hlasiwetz  and  Pfaundler  it  contains 
L33H30O17,  and  is  resolved  by  boiling  with  dilute  acids  into 
another  yellow  crystalline  body  called  quercetin,  and  isodulcite 
(p.  631) : 

C33H30O17  +  H20  =  C27H18012  +  C6HM0G 
Quercitrtn.  Quercetin.  Isodulcite. 

Salicin,  C13H"i807,  is  a  crystallisable  bitter  substance  contained 
in  the  leaves  and  young  bark  of  the  poplar,  willow,  and  several 
otter  trees.  It  may  be  prepared  by  exhausting  the  bark  with 
boiling  water,  concentrating  the  solution  to  a  small  bulk,  dio-estino- 
tne  liquid  with  powdered  lead  oxide,  and  then,  after  freeing  the 
solution  from  lead  by  a  stream  of  sulphuretted  hydrogen  gas 
evaporating  till  the  salicin  crystallises  out  on  cooling  It  is 
purified  by  treatment  with  animal  charcoal  and  re-crystallisation. 

Salicm  forms  small,  white  silky  needles,  having  an  intensely 
Htter  taste,  but  no  alkaline  reaction.  It  melts  aud  decomposes 
7  heat  burning  with  a  blight  flame,  and  leaving  a  residue  of 
™rcoal.  It  is  soluble  in  5-6  parts  of  cold  water,  and  in  a  much 
smaller  quantity  when  boiling  hot.    Oil  of  vitriol  colours  it  deep 

When  distilled  with  a  mixture  of  potassium  bichromate  and 
-mphnnc  acid,  it  yields,  among  other  products,  a  yellow,  sweet- 
»cented  oil,  called  salicylol,  having  the  composition,  C7H0O2, 
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and  identical  with  the  volatile  oil  distilled  from  the  flowers  of  the 
Spircea  ulmaria,  or  common  meadow-sweet. 

Salicin,  under  the  influence  of  the  emulsin  or  synaptase  of 
sweet  almonds,  is  resolved  into  glucose  and  saligenin,  C7H802: 

C13H1807    +    H20    =    C6H12O0    +  C7H802. 

Saligenin  forms  colourless,  nacreous  scales,  freely  soluble  in 
water,°alcohol,  and  ether.  It  melts  at  82°,  and  decomposes  at  a 
higher  temperature.  Dilute  acids  at  boiling  heat  convert  it  mto 
saliretin,  C7H60,  a  resinous  substance  differing  from  saligenin 
by  the  elements  of  water.  The  same  substance  is  produced 
directly  from  salicin  by  boiling  with  dilute  acids.  Many  oxidising 
ao-ents,  as  chromic  acid  and  silver  oxide,  convert  sahgenin  into 
salicylol ;  even  platinum-black  produces  this  effect..  Its  aqueous 
solution  gives  a  deep  indigo-blue  colour  with  ferric  salts. 

Salicin  yields,  with  chlorine,  substitution-products  which  are 
decomposed  by  synaptase  in  the  same  manner  as  salicin  itself, 
yielding  chlorosaligenin,  C7H7C102,  and  dicHorosaHgenin, 
C7H6C1202.  Dilute  nitric  acid  converts  salicin  into  helicin, 
hebcoidln,  and  anilotic  acid.  With  strong  nitric  acid,  at  a  high 
temperature,  nitrosalicylic  acid,  C7H5(N02)03,  is  produced. 

Populin,  C20H22O8,  is  a  substance  resembling  salicin  in  appear- 
ance and  solubility,  but  having  a  penetrating  sweet  taste.  It  is 
found  accompanying  salicin  in  the  bark  and  leaves  of  the  aspen. 
It  has  the  composition  of  benzoyl-salicin,  C13Hl7(C7H50)07,  and 
when  heated  with  dilute  acids  is  resolved  into  benzoic  acid,  and 
the  products  of  decomposition  of  salicin,  namely,  saliretin  and 
glucose : 

C13Hl7(C7H60)07  +  H20  =  C7H602  +  C7HG0  +  C6H12O0. 

"With  potassium  dichromate  and  sulphuric  acid,  populin  yields  a 
considerable  quantity  of  salicylol. 

Helicin,  C13H10O7,  is  a  white,  crystalline,  slightly  bitter  sub- 
stance, produced  by  the  action  of  very  dilute  nitric  acid  upon 
salicin : 

C13H1807    +    0    =    H20    +  C13H10O7. 

It  is  slightly  soluble  in  cold,  freely  soluble  in  boiling  water,  and 
is  resolved  by  the  action  of  synaptase,  or  of  acids  or  alkalis  at  the 
boiling  heat,  into  glucose  and  salicylol : 

C13H1607    +    H20    =    CcH12O0    +  C7H60.2. 

Benzohelicin,  C20H20O8,  or  C13H15(C7HflO)07,  produced  by  the 
action  of  dilute  nitric  acid  on  benzo-salicin,  is  resolved  in  liKe 
manner  into  benzoic  acid,  salicylol,  and  glucose : 

C20H20O8  +  2H20   =  C7H0O2  +  C7H0O,  +  CGH12Ofi 
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Solanine  is  a  crystalline  base  occurring  in  various  plants  of  the 
solanaceous  order,  especially  in  the  flower-stalks  and  berries  of 
the  woody  nightshade  (Solatium  dulcamara),  and  in  the  shoots  or 
germs  thrown  out  by  potatoes  kept  in  cellars  during  winter ;  it 
may  be  extracted  from  these  shoots  by  water  containing  a  little 
sulphuric  acid.  It  probably  contains  C43H71N01G,  and  is  resolved 
by  boding  with  dilute  acids  into  glucose  and  solanidi.ne, 
C2sH4.NO,  which  is  also  a  basic  compound  crystallising  from 
alcohol  in  long  needles : 


C43H71N01C    +    3H20    =    3C6H12Ofl    +  O^NO. 

Thujin,  C20H22O12,  is  a  glucoside  occurring  in  the  green  parts  of 
the  American  Arbor  Vitae  (Tliuja  occidentalis).  It  forms  shining 
lemon-yellow,  microscopic  crystals,  having  an  astringent  taste' 
and  soluble  in  alcohol.  When  heated  in  alcoholic  solution  with 
hydrochloric  or  dilute  sulphuric  acid,  it  is  resolved  into  glucose 
and  thujetin,  C28H28016: 

2C20H22O12    +    4H20    =    2C0H12O6    +  C28H28016. 

When  heated  for  a  short  time  only  with  hydrochloric  acid, 
it  yields  also  another  substance  called  thujenin,  containing 
C,sH24014,  or  two  molecules  of  water  less  than  thujetin.  Thujin 
dissolves  in  baryta- water,  forming  a  yellow  solution,  which  when 
heated  deposits  an  orange-yellow  precipitate  of  thujetic  acid, 
C28H22013,  whde  glucose  remains  dissolved: 

2C20H22O12    +    H20    =    2C6H1206    +  C28H22013. 

All  these  compounds  are  crystalline. 

^nthorhammn,  C23H28014,  a  crystallisable  yellow  colouring 
matter  obtained  from  Persian  or  Turkey  berries,  the  seeds  of 
several  species  of  Rhamnus,  is  resolved  by  boiling  with  dilute 
acids,  into  glucose  and  rhamnetin,  CnR10O&,  which  is  also  a 
yellow  crystalhne  substance : 

C23H28014    +    3H20    =    2C0H12O0    +  CuH10O6. 

According  to  some  authorities,  xanthorhamnin  is  identical  with 
quercitnn,  and  rhamnetin  with  quercetin. 

There  are  a  few  compounds  which,  when  treated  with  dilute 


acids,  split  up  similarly  to  the  glucosides,  but  yield  saccharine  sub- 
stances differing  in  composition  from  glucose.  Thus  phloretin,  as 
steady  observed,  is  resolved  into  phloretic  acid  and  phloroglucin, 
}3  U1-  Ml),  which  differs  from  glucose  by  3H„0.  Quercitnn 
vie  ds  quercetm  and  isodulcite,  C0H14Ofi,  containing  two  atoms  of 
hydrogen  more  than  glucose;  and  indican,  C20H31NOi7,  yields 
"li!roseUCln'  ^oHi<A)>  containing  two  atoms  of  hydrogen  less  than 
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Indican  is  a  colourless  substance  existing  in  woad.  {Isatu  twt- 
toria),  and  probably  in  most  other  plants  which  yiekl  indigo-blue 
It  likewise  occurs  in  human  iu-ine,  hoth  healthy  and  diseased,  and 
when  present  in  considerable  quantity,  causes  the  urine,  alter 
spontaneous  fermentation  or  addition  of  acids,  to  deposit  some- 
times indigo-blue,  sometimes  a  brown  substance  isomeric  with  it, 
called  indirubin.  .  n.  , 

Indican  is  decomposed  by  dilute  acids  into  mdigo-blue  (or  its 
isomeride,  indirubin)  and  indiglucin : 

C26H31N017    +    2H20    =    C8H5NO    +  3C6H10O6 

indican.  I"digo-  Indiglucin. 

blue. 

In  contact  with  aqueous  soda  or  baryta  it  is  resolved  into  indi- 
glucin, and  a  yellow  uncrystallisable  substance  called  indicanm  : 

G'H31NOl7    +    HoO    =    CeH10O6    +  C20H23NO12; 

Indican.  Indiglucin.  Indicanin. 

and  indicanin,  by  boiling  with  dilute  acids,  is  further  resolved 
into  indiglucin  and  other  products.  ,.,,.■„ 

Indiglucin,  CaH10O6)  is  a  colourless  or  light  yellow  syrdp 
having  a  slightly  sweet  taste,  soluble  in  water  and  alcohol,  but 
precipitated  from  the  alcoholic  solution  by  ether.  _  It  is  not  fer- 
mentable, but  turns  acid  by  prolonged  contact  with  yeast  It 
throws  down  cuprous  oxide  from  an  alkaline  crvpric  solution, 
metallic  silver  from  an  ammoniacal  solution  of  the  nitrate,  and 
<rold  from  the  trichloride.  With  basic  or  neutral  lead  ace- 
tate, on  addition  of  ammonia,  it  forms  a  precipitate  containing 
C12H18Pb"012.3Pb"0. 


POLYGLUCOSIC  ALCOHOLS. 

The  compounds  of  this  group,  including  cane-sugar  and  other 
bodies  more  or  less  resembling  it,  may  be  regarded  as  formed  by 
the  combination  of  two  or  more  molecules  of  glucose,  with  elimin- 
ation of  a  number  of  molecules  of  water,  less  by  one  than  the 
number  of  glucose  molecules  which  enter  in  the  combination : 

2C6H1206    -    H20  =    C12H22On,  Dighicosic  alcohol 

3c£h"o!    -    2H20  =    C18H32016,Triglucosic  alcohol. 

mC0H12O6    -    (»-l)HaO    =  C6nHion+205n+i. 

The  only  known  alcohols  of  this  class  are  dighicosic  alcohols, 
C  H  0,1 ;  but  starch,  cellulose,  and  other  plant-constituents, 
appear  to  be  the  oxygen-ethers,  or  anhydrides,  of  polyglucosic 
alcohols  of  higher  orders. 
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Cane-sugar  or  Saccharose,  C12H12011. — This  most  useful 
substance  is  found  iu  the  juice  of  many  of  the  grasses,  in  the  sap 
nf  several  forest  trees,  in  the  root  of  the  beet  and  the  mallow,  and 
in  several  other  plants.  Most  sweet  fruits  contain  cane-sugar, 
together  with  invert  sugar  (p.  637) ;  some,  as  walnuts,  hazel- 
nuts, almonds,  coffee-heaiis,  and  St.  John's-bread  (the  fruit  of 
Ceratonia  siliqua),  contain  oidy  cane-sugar.  Honey  and  the 
nectars  of  flowers  contain  cane-sugar  together  with  invert  sugar ; 
the  sugar  in  the  nectars  of  cactuses  is  almost  wholly  cane-sugar. 

Sugar  is  extracted  most  easily  and  in  greatest  abundance  from 
the  sugar-cane  (Saccharum  officinarum),  cultivated  for  the  purpose 
in  many  tropical  countries.  The  canes  are  crushed  between 
rollers,  and  the  expressed  juice  is  suffered  to  flow  into  a  large 
vessel,  where  it  is  slowly  heated  nearly  to  its  hoiling  point.  A 
small  quantity  of  slaked  lime  mixed  with  Avater  is  then  added, 
which  occasions  the  separation  of  a  coagulum  consisting  chiefly  of 
earthy  phosphates,  waxy  matter,  a  peculiar  albuminous  principle, 
and  mechanical  impivrities.  The  clear  liquid  separated  from  the 
coagulum  is  rapidly  evaporated  in  open  pans,  heated  by  a  strong 
lire  made  with  the  crushed  canes  of  the  preceding  year,  which 
have  been  dried  in  the  sun,  and  preserved  for  the  purpose.  When 
sufficiently  concentrated,  the  syrup  is  transferred  to  a  shallow 
vessel,  and  left  to  crystallise,  during  which  time  it  is  frequently 
agitated  in  order  to  hasten  the  change  and  hinder  the  formation 
of  large  crystals.  It  is  lastly  drained  from  the  dark  uncrystal- 
lisable  syrup,  or  molasses,  and  sent  into  commerce,  under  the 
name  of  raw  or  Muscovado  sugar.  The  refining  of  this  crude 
product  is  effected  by  redissolving  it  in  water,  adding  a  quantity 
nt  albumin  in  the  shape  of  serum  of  blood  or  white  of  egg,  and 
sometimes  a  little  lime-water,  and  heating  the  whole  to  the  boil- 
ing point:  the  albumin  coagulates,  and  forms  a  kind  of  network 
of  fibres,  winch  enclose  and  separate"  from  the  liquid  all  mechani- 
cally suspended  impurities.  The  solution  is  decolorised  by 
filtration  through  animal  charcoal,  evaporated  to  the  crystallising 
point,  and  put  into  conical  earthen  moulds,  where  it  solidifies, 
after  some  time,  to  a  confusedly  crystalline  mass,  which  is  drained, 
washed  with  a  little  clean  syrup,  and  dried  in  a  stove  :  the  product 
is  ordinary  loaf-sugar.  When  the  crystallisation  is  allowed  to 
take  place  quietly  and  slowly,  sugar-candy  results,  the  crystals 
under  these  circumstances  acquiring  large  volume  and  regular 
form.  The  evaporation  of  the  decolorised  syrup  is  best  conducted 
in  strong  close  boilers  exhausted  of  air ;  the  hoiling.  point  of  the 
Syrup  is  reduced  in  consequence  from  110°  C.  (230°  F.)  to  65-5°  C. 
(150°  F.),  or  below,  and  the  injurious  action  of  the  heat  upon  the 
Sugar  is  in  great  measure  prevented.  Indeed,  the  production  ol 
molasses  in  the  rude  colonial  manufacture  is  chiefly  the  result  of 
the  high  and  long-continued  heat  applied  to  the  cane-juice,  and 
might  be  almost  entirely  prevented  by  the  use  of  vacuum-] >ans, 
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the  product  of  sugar  being  thereby  greatly  increased  in  quantity, 
and  so  far  improved  in  quality  as  to  become  almost  equal  to  the 
refined  article. 

In  many  parts  of  the  continent  of  Europe,  sugar  is  manufactured 
on  a  large  scale  from  beet-root,  which  contains  about  8  per  cent, 
of  that  substance.  The  process  is  far  more  complicated  and 
troublesome  than  that  just  described,  and  the  raw  product  much 
inferior.  When  refined,  however,  it  is  scarcely  to  be  distinguished 
from  the  preceding.  The  inhabitants  of  the  Western  States  of 
America  prepare  sugar  in  considerable  quantity  from  the  sap  of 
the  sugar  maple,  Acer  saccharinvm,  which  is  common  in  those 
parts.  The  tree  is  tapped  in  the  spring  by  boring  a  hole  a  little 
way  into  the  wood,  and  inserting  a  small  spout  to  convey  the 
liquid  into  a  vessel  placed  for  its  reception.  This  is  boiled  down 
in  an  iron  pot,  and  furnishes  a  coarse  sugar,  which  is  almost 
wholly  employed  for  domestic  purposes,  but  little  finding  its  way 
into  commerce. 

Pure  sugar  slowly  separates  from  a  strong  solution  in  large, 
transparent,  colourless  crystals,  having  the  figure  of  a  modified 
monoclinic  prism.  The  crystals  have  a  specific  gravity  of  1*6,  and 
are  unchangeable  in  the  air.  Sugar  has  a  pure,  sweet  taste,  is 
very  soluble  in  water,  requiring  for  solution  only  one-third  of  its 
weight  in  the  cold,  and  is  also  dissolved  by  alcohol,  but  less 
easily.  When  moderately  heated  it  melts,  and  solidifies  on  cool- 
ing to  a  glassy  amorphous  mass,  familiar  as  barley-sugar. 

1.  Cane-sugar,  heated  a  little  above  160°,  is  converted,  without 
loss  of  weight,  into  a  mixture  of  dextroglucose  and  levolusan 
(p.  636). 

C12H22Ou    =    C0H12Ofl    +  C6H10O5. 

At  a  higher  temperature,  water  is  given  off,  the  dextroglucose 
being  probably  converted  into  glucosan  (p.  635) :  afterwards,  at 
about  210°,  more  water  goes  off,  and  a  brown  substance  called 
caramel  remains, 'consisting  of  a  mixture  of  several  compounds, 
all  formed  from  sugar  by  elimination  of  water.  At  a  still  higher 
temperature,  an  inflammable  gaseous  mixture  is  given  off,  con- 
sisting of  carbon  monoxide,  marsh-gas,  and  carbon  dioxide ;  a  dis- 
tillate is  obtained,  consisting  of  brown  oils,  acetic  acid,  acetone, 
and  aldehyde ;  and  a  considerable  quantity  of  charcoal  remains 
behind.  The  brown  oils  contain  a  small  quantity  of  furfurol, 
and  a  bitter  substance  called  nssamar. 

2.  By  prolonged  boiling  with  water,  cane-sugar  is  converted 
into  invert  sugar.  This  transformation  is  accelerated  by  the 
presence  of  acids,  and  apparently  also  of  certain  salts.  Dif- 
ferent acids  act  with  various  degrees  of  rapidity — mineral  more 
quickly  than  organic  acids,  sulphuric  acid  most  quickly  of  all. 
When  sugar  is  boiled  even  with  very  dilute  acids,  especially  it  the 
boiling  be  long  continued,  a  number  of  brown  amorphous  products 
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are  formed,  called  ulmin,  ulmic  acid,*  &c. ;  if  the  air  has 
access  to  the  liquid,  formic  acid  is  likewise  produced.  Concen- 
trated hydrochloric  acid  decomposes  sugar  very  quickly. 

Strong  sulphuric  acid  decomposes  dry  sugar  when  heated,  and  a 
concentrated  solution,  even  at  ordinary  temperatures,  with  copious 
evolution  of  sulphurous  oxide,  and  formation  of  a  large  quantity 
of  hlack  carbonaceous  matter.  By  this  reaction  cane-sugar  may 
be  distinguished  from  glucose. 

3.  Cane-sugar  is  very  easily  oxidised.  It  reduces  silver  and 
mercury  salts  when  heated  with  them,  and  precipitates  gold  from 
the  chloride.  Pure  cupric  hydrate  is  but  slowly  reduced  by  it, 
even  at  the  boiling  heat ;  in  presence  of  alkali,  however,  a  blue 
solution  is  formed,  and  on  boiling  the  liquid,  cuprous  oxide  is 
slowly  precipitated  (p.  635).  Cane-sugar  takes  fire  when  triturated 
with  8  parts  of  lead  dioxide,  and  forms  with  potassium  chlorate  a 
mixture  which  detonates  on  percussion,  and  burns  vividly  when 
a  drop  of  oil  of  vitriol  is  let  fall  upon  it.  Distilled  with  a  mix- 
ture of  sulphuric  acid  and  manganese  dioxide,  it  yields  formic 
acid.  Heated  with  dilute  nitric  acid,  it  yields  saccharic  and 
oxalic  acids.  1  part  sugar  mixed  with  3  parts  nitric  acid,  of 
specific  gravity  T25  to  1"30,  and  heated  to  50°,  is  wholly  converted 
into  saccharic  acid  : 

Wii    +    Oc    =    2C6H10O8    +  H20. 

At  the  boiling  heat,  the  product  consists  chiefly  of  oxalic  acid. 
Very  strong  nitric  acid,  or  a  mixture  of  strong  nitric  and  sul- 
phuric acids,  converts  sugar  into  nitro saccharose,  probably 
C12H18(N02)4011.  Sugar  is  likewise  oxidised  by  chloride  of  lime, 
but  the  products  have  not  been  examined. 

4.  Cane-sugar  does  not  turn  brown  when  triturated  with  alkalis, 
a  character  by  which  it  is  distinguished  from  glucose  :  it  combines 
with  them,  however,  forming  compounds  called  sucrates.  By 
boiling  with  potash-ley  it  is  decomposed,  but  much  more  slowly 
than  the  glucoses. 

Potassium-  and  Sodium-compounds  of  cane-sugar,  C12H21KOn  and 
C12H21NaOn,  are  formed,  as  gelatinous  precipitates,  on  mixing  an 
alcoholic  solution  of  cane-sugar  with  potash  or  soda-ley. 

A  barium-compound,  C12H20Ba"Ou .  H20,  or  C21H23Ou  .  Ba"0,  is 
obtained,  as  a  crystalline  precipitate,  on  adding  hydrate  or  sul- 

•  Under  the  names  ulmin  and  ulmic  acid  have  been  confounded  a  number 
of  brown  or  black  uncrystallisable  substances  produced  by  the  action  of 
powerful  chemical  agents  upon  sugar,  lignin,  &c,  or  generated  by  the 
putrefactive  decay  of  vegetable  fibre.  Common  garden  mould,  for  example, 
treated  with  dilute,  boiling  solution  of  caustic  potassa,  yields  a  deep-hrown 
solution,  from  which  acids  precipitate  a  flocculent,  brown  substance,  having 
but  a  slight  degree  of  solubility  in  water.  This  is  generally  culled  ulmic  or 
It/unit  acid,  and  its  origin  is  ascribed  to  the  reaction  of  the  alkali  on  the  ubnvn 
or  humus  of  the  soil.  It  is  known  that  these  bodies  differ  exceedingly  in 
composition  :  they  are  too  indefinite  to  admit  of  ready  investigation. 
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phide  of  barium  to  an  aqueous  solution  of  sugar.  It  may  be 
crystallised  from  boiling  water,  but  is  insoluble  in  alcohol. 

Calcium  'compounds. — Lime  dissolves  in  sugar- water  much  more 
rapidly  than  in  pure  water.  The  solution  has  a  bitter  taste,  and 
is  completely  but  slowly  precipitated  by  carbonic  acid.  There 
are  three  or  four  of  these  compounds,  which  may  be  approximately 
represented  by  the  following  formulae  : 

1.  C1,H22011.Ca'/0.  3.  C1,H92Ou.2Ca"0.2H„0. 

2.  2C12H2201J .  3Ca"0  (?)       4.  C;2H22Ou .  3Ca"0. 

Magnesia  and  lead  oxide  are  also  dissolved  by  sugar- water.  A 
crystalline  lead-compound,  C^HjgPb'^Ojj,  is  precipitated  on  mix- 
ing sugar- water  with  neutral  lead-acetate  and  ammonia. 

Sugar  also  forms  crystalline  compounds  with  sodium  chloride. 

Cane-sugar  is  not  directly  fermentable,  but  when  its  dilute 
aqueous  solution  is  mixed  with  yeast,  and  exposed  to  a  warm 
atmosphere,  it  is  first  resolved  into  a  mixture  of  dextrose  and 
levulose  (p.  636),  which  then  enter  into  fermentation,  yielding 
alcohol  and  carbon  dioxide. 

Parasaccharose,  C12H220lr— This  is  an  isomeride  of  cane- 
sugar,  produced,  according  to  Jodin,*  by  spontaneous  fermentation. 
An  aqueous  solution  of  cane-sugar  containing  aiumonfiun  phos- 
phate left  to  itself  for  three  months  in  summer,  yielded,  under 
circumstances  not  further  specified,  a  crystallisable  sugar,  isomeric 
with  saccharose,  together  with  an  amorphous  sugar  having  the 
composition  of  a  glucose,  both  dextro-rotatory.  Parasaccharose  is 
very  soluble  in  water,  nearly  insoluble  in  alcohol  of  90  per  cent. 
Its  specific  rotatory  power  at  10°  =  +  108°,  appearing  to  increase 
a  little  with  rise  of  temperature.  It  does  not  melt  at  100°,  but 
becomes  coloured,  and  appears  to  decompose.  It  reduces  an 
alkaline  cupric  solution,  but  only  half  as  strongly  as  dextro- 
glucose.  It  is  not  perceptibly  altered  by  dilute  sulphuric  acid, 
even  at  100°  ;  hydrochloric  acid  weakens  its  rotatory  power,  turn! 
the  solution  brown,  and  heightens  its  reducing  power  for  cupric 
oxide. 

Melitose,  Cl2H22On.- — A  kind  of  sugar  obtained  from  the 
manna  which  lalls  in  opaque  drops  from  various  species  of 
Eucalyptus  growing  in  Tasmania.  It  is  extracted  by  water,  and 
crystallises  in  extremely  thin  interlaced  needles,  having  a  slightly 
saccharine  taste. 

The  crystals  of  melitose  are  hydrated,  containing  CjoHoqO^^HoO. 
They  give  off  2  molecules  of  water  at  100°,  and  become  anhydrous 
at  130°.  They  dissolve  in  9  parts  of  cold  water,  very  easily  in 
boiling  water,  and  dissolve  also  in  boiling  alcohol  more  freely 
than  mannite.    The  alcoholic  solution  yields  small  but  well* 


*  C'omptes  Rendus,  liii.  1252  ;  liv.  720. 
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developed  crystals.  The  aqueous  solution  turns  the  plane  of 
polarisation  to  the  right:  for  the  transition  tint  [a]  =  +  102°. 

Melitose,  heated  with  dilute  sulphuric  acid,  is  resolved  into  a 
fermentable  sugar  (probably  dextroglucose),  and  non-fermentable 
eucalyn  (p.  638).  Melitose  ferments  in  contact  with  yeast,  but  is 
resolved,  in  the  first  instance,  into  glucose  and  eucalyn.  It  does 
not  reduce  an  alkaline  cupric  solution,  and  is  not  altered  by  boil- 
ing with  dilute  alkalis  or  with  baryta  water.  It  is  oxidised  by 
nitric  acid,  yielding  a  certain  cpiantity  of  mucic  acid,  together  with 
a  large  quantity  of  oxalic  acid. 

Melezitose,  C^H^O^. — This  variety  of  sugar  is  found  in  the 
so-called  manna  of  Briancon,  which  exudes  from  the  young  shoots 
of  the  larch  (Larix  europcea).  The  manna  is  exhausted  with 
alcohol,  which,  when  evaporated,  yields  melezitose  in  very  small, 
hard,  shining,  efflorescent  crystals,  which  give  off  4  per  cent,  of 
water  when  heated,  melt  below  140°  without  further  alteration, 
forming  a  liquid  which  solidifies  to  a  glass  on  cooling.  Melezitose 
is  dextro-rotatory  ;[«]  =  +  94-l°.  It  dissolves  easily  in  water,  is 
nearly  insoluble  in  cold,  slightly  soluble  in  boiling  alcohol. 

Melezitose  decomposes  at  about  200°.  It  is  carbonised  by  cold 
strong  sulphuric  acid,  quickly  turns  brown  with  boiling  hydro- 
chloric acid,  and  forms  oxalic  acid  with  nitric  acid.  By  an  hour's 
boiling  with  dilute  sulphuric  acid,  it  is  converted  into  glucose. 
In  contact  with  yeast,  it  passes  slowly,  or  sometimes  not  at  all, 
into  vinous  fermentation.  It  is  not  altered  at  100°  by  aqueous 
alkalis,  and  scarcely  by  potassio-cupric  tartrate. 

Trehalose,  Cr2H.22On.2TI20,  is  obtained  from  Trehala  manna, 
the  produce  of  a  species  of  Echinops  growing  in  the  East,  by  ex- 
traction with  boiling  alcohol.  It  forms  shining  rhombic  crystals, 
containing  C^H^Oj, .  2H20,  which  melt  when  quickly  heated  to 
109°  ;  but  if  slowly  heated  give  off  their  water  even  below  100°. 
It  has  a  strongly  saccharine  taste,  dissolves  easily  in  water  and  in 
boiling  alcohol,  but  is  insoluble  in  ether.  The  aqueous  solution 
is  dextro-rotatory  ;  [«]  =  +  199°. 

By  several  hours'  boiling  with  dilute  sulphuric  acid,  it  is  con- 
verted into  dextroglucose.  "With  strong  nitric  acid  it  forms  a 
detonating  nitro-compound  :  heated  with  dilute  nitric  acid  it 
vields  oxalic  acid.  In  contact  with  yeast  it  passes  slowly  and 
imperfectly  into  alcoholic  fermentation.  It  is  not  altered  by  boil- 
ing with  alkalis,  and  does  not  reduce  cuprous  oxide  from  alkaline 
cupric  solutions.  Heated  with  acetic  or  butyric  acid,  it  yields 
compounds  not  distinguishable  from  those  which  are  formed  in 
like  manner  from  dextroglucose  (p.  635). 

Mycose,  C,li!H22011. 2H20,  is  a  land  of  sugar  very  much  like 
trehalose,  obtained  from  ergot  of  rye  by  precipitating  the  aqueous 
extract  of  the  fungus  with  basic  lead' acetate,  removing  the  lead 
from  the  filtrate  by  sulphydric  acid,  evaporating  to  a  syrup,  and 
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leaving  the  liquid  to  crystallise.  It  differs  from  trehalose  only  in 
possessing  a  somewhat  feebler  rotatory  power  ;  [a]  =  -f-  192-5°, 
and  in  not  being  completely  dehydrated  at  100°. 

Milk-sugar,  Lactin,  or  Lactose,  Ci2H22On.  H20.— This  kind 
of  sugar  is  an  important  constituent  of"  milk  :  it  is  obtained  in 
large  quantities  by  evaporating  whey  to  a  syrupy  state,  and  purify- 
ing the  lactose,  which  slowly  crystallises  out,  with  animal  charcoal 
It  lorms  white,  translucent,  four-sided,  trimetric  prisms,  of  great 
hardness.  It  is  slow  and  clifficult  of  solution  in  cold  water, 
requiring  for  that  purpose  5  or  6  times  its  weight :  it  has  a  faint, 
sweet  taste,  and  in  the  solid  state  feels  gritty  between  the  teeth. 
When  heated,  it  loses  water,  and  at  a  high  temperature  blackens 
and  decomposes.  Milk-sugar  combines  with  bases,  forming  com- 
pounds which  have  an  alkaline  reaction,  and  are  easily  decom- 
posed.   Dilute  acids  convert  it  into  galactose  (p.  637.) 

Milk  -sugar,  when  distilled  with  oxidising  mixtures,  such  as 
sulphuric  acid  and  manganese  dioxide,  yields  formic  acid.  With 
nitric  acid,  it  forms  mucic,  saccharic,  tartaric,  and  a  small 
quantity  of  racemic  acid,  and  finally  oxalic  acid.  Very  strong 
nitric  acid,  or  a  mixture  of  nitric  and  sulphuric  acids,  converts 
milk-sugar  into  a  crystalline  substitution-product  called  nitro- 
lactin. 

Milk-sugar  is  not  brought  immediately  by  yeast  into  the  state 
of  alcoholic  fermentation  ;  but  when  it  is  left  for  some  time  in 
contact  with  yeast,  fermentation  gradually  sets  in.  When  cheese 
or  gluten  is  used  as  the  ferment,  the  milk-sugar  is  converted  into 
lactic  acid.  Alcohol  is,  however,  always  formed  at  the  same  time, 
especially  if  no  chalk  is  added  to  neutralise  the  acid  as  it  forms ; 
the  quantity  of  alcohol  formed  is  greater  also  as  the  solution  is 
more  dilute. 

Gum. — Ckim-arabic,  which  is  the  produce  of  several  species  of 
acacia,  may  be  taken  as  the  most  perfect  type  of  this  class  of 
bodies.  In  its  purest  and  finest  condition,  it  forms  white  or 
slightly  yellowish  irregular  masses,  which  are  destitute  of  crystal- 
line structure,  and  break  with  a  smooth  conchoidal  fracture.  It 
is  soluble  in  cold  water,  forming  a  viscid,  adhesive,  tasteless  solu- 
tion, from  which  the  pure  soluble  gummy  principle,  or  arabin,  is 
precipitated  by  alcohol,  and  by  basic  lead  acetate,  but  not  by  the 
neutral  acetate.  Arabin  is  composed  of  C^H^On,  and  is  conse- 
quently isomeric  with  cane-sugar. 

Mucilage,  so  abundant  in  linseed,  in  the  roots  of  the  mallow,  in 
salep,  the  fleshy  root  of  Orchis  mascula,  and  in  other  plants,  differs 
in  some  respects  from  gum-arabic,  although  it  agrees  in  the  pro- 
perty of  dissolving  in  cold  water.  The  solution  is  less  tons- 
parent  than  that  of  gum,  and  is  precipitated  by  neutral  lead 
acetate.  Gum-tragacmth  is  chiefly  composed  of  a  land  of  mucilage 
to  which  the  name  bassorin  has  been  given;  it  refuses  to  dissolve 
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in  water,  merely  softening  and  assuming  a  gelatinous  aspect.  It 
is  dissolved  by  caustic  alkali.  Cerasin  is  the  insoluble  portion  of 
the  gum  of  the  cherry-tree ;  it  resembles  bassorin.  The  composi- 
tion of  these  various  substances  has  been  carefully  examined  by 
Schmidt,  who  finds  that  it  closely  agrees  with  that  of  starch. 
Mucilage  invariably  contains  hydrogen  and  oxygen  in  the  propor- 
tion in  which  they  form  water,  and  when  treated  with  acids,  yields 
glucose. 

Pectin,  or  the  jelly  of  fruits,  is,  in  its  physical  properties,  closely 
allied  to  the  foregoing  bodies.  It  may  be  extracted  from  various 
vegetable  juices  by  precipitation  with  alcohol.  It  forms  when 
moist  a  transparent  jelly,  which  is  soluble  in  water,  tasteless,  and 
dries  up  to  a  translucent  mass.  It  is  to  this  substance  that  the 
firm  consistence  of  currant  and  other  fruit-jellies  is  ascribed.  Ac- 
cording to  Fremy,  the  composition  of  pectin  is  C32H48032 .  By 
ebullition  with  water  and  with  dilute  acids  it  is  changed  into  two 
isomeric  modifications,  called  parapectin  and  mctapectin.  In  con- 
tact with  bases,  these  three  substances  are  converted  into  pectic 
acid,  C16H2201S  (l),  which  closely  resembles  pectin,  except  that  it 
possesses  feebie  acid  properties,  and  is  insoluble  in  water.  By 
long  boiling  with  caustic  alkali,  a  further  change  is  produced,  and 
metapectic  acid,  C24H32027  (I),  is  formed,  which  does  not  gelatinise. 
The  metallic  pectate's  and  metapectates  are  uncrystallisable. 
Much  doubt  still  exists  respecting  the  composition  of  the  various 
bodies  of  the  pectin  group ;  but  from  the  analyses  hitherto  made, 
they  do  not  appear  to  contain  hydrogen  and  oxygen  in  the  propor- 
tion to  form  water,  and  therefore  scarcely  belong  to  the  sugar  and 
starch  group. 


OXYGEN-ETHERS    OR    ANHYDRIDES    03?   THE  POLY- 
GLUCOSIC ALCOHOLS. 

These  compounds,  which  are  important  constituents  of  the 
vegetable  organism,  may  be  derived  from  glucose  and  the  poly- 
glucosic  alcohols  by  abstraction  of  a  molecule  of  water : 

CfiH12O0    -   H20    =  C0H10O6, 

Glucose. 

C12H220„  —   H20    =    C12H20O10,  or  2C0H10O5, 

Diglucosic 
alcohol. 

Ci8H32O10   -   H20    =    C18H30O,r„  or  3C0H10Ofl, 

Triglncoslc 
alcohol. 


C'cnHlOn+20on  +  l  —    H„0     =     CflnHlOnOfin ,  OX  ttC0HJ0O6 , 
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All  these  bodies  are  therefore  isomeric  or  polymeric  one  with 
the  other.  Their  compounds  with  metallic  oxides,  &c,  have  not 
been  sufficiently  investigated  to  fix  their  exact  molecular  weight, 
or  to  determine  in  each  case  the  value  of  n ;  but  from  the  mode  of 
conversion  of  starch  into  glucose,  and  the  constitution  of  certain 
substitution-products  obtained  by  the  action  of  nitric  acid  on 
cellulose,  it  appears  most  probable  that  in  these  bodies  n  =  3. 

Starch.,  nCcH10O6,  probably  C18H30O15,  also  called  Fecula  and 
Amidine. — This  is  one  of  the  most  important  and  widely  diffused 
of  the  vegetable  proximate  principles,  being  found  to  a  greater  or 
less  extent  in  every  plant.  It  is  most  abundant  in  certain  roots 
and  tubers,  and  in  soft  stems :  seeds  often  contain  it  in  large 
quantity.  From  these  sources  the  starch  can  be  obtained  by  rasp- 
ing or  grinding  the  vegetable  structures  to  pulp,  and  washing  the 
mass  upon  a  sieve,  by  which  the  torn  cellular  tissue  is  retained, 
while  the  starch  passes  through  with  the  liquid,  and  eventually 
settles  down  from  the  latter  as  a  soft,  white,  insoluble  powder, 
which  may  be  washed  with  cold  water,  and  dried  at  a  very  gentle 
heat.  Potatoes  treated  in  this  manner  yield  a  large  proportion  of 
starch.  Starch  from  grain  may  be  prepared  in  the  same  manner, 
by  mixing  the  meal  with  water  to  a  paste,  and  washing  the  mass 
upon  a  sieve :  a  nearly  white,  insoluble  substance  called  gluten  is 
then  left,  containing  a  large  proportion  of  nitrogen.  The  gluten 
of  wheat-flour  is  extremely  tenacious  and  elastic.  The  value  of 
meal  as  an  article  of  food  greatly  depends  upon  this  substance. 

Starch  from  grain  is  commonly  manu- 
factured on  the  large  scale  by  steeping 
the  material  in  water  for  a  considerable 
time,  when  the  lactic  acid,  always  de- 
veloped under  such  circumstances  from 
the  sugar  of  the  seed,  disintegrates,  and 
in  part  dissolves  the  azotised*  matter, 
thereby  greatly  facilitating  the  mechani- 
cal separation  of  that  which  remains.  A 
still  more  easy  and  successful  process  has 
lately  been  introduced,  in  which  a  very 
dilute  solution  of  caustic  soda,  contain- 
ing about  200  grains  of  alkali  to  a 
gallon  of  liquid,  is  employed  with  the 
same  view.  Excellent  starch  is  thus 
prepared  from  rice.  Starch  is  insoluble 
in  cold  water,  as  indeed  its  mode  of 
preparation  sufficiently  shows :  it  is 
equally  insoluble  in  alcohol  and  other  liquids,  which  do  not  effect 
its  decomposition.  To  the  naked  eye  it  presents  the  appearance 
of  a  soft,  white,  and  often  glistening  powder :  under  the  micro- 
scope it  is  seen  to  be  altogether  destitute  of  crystalline  structure, 
b  ut  to  possess,  on  the  contrary,  a  kind  of  organisation,  being  made 
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up  of  multitudes  of  little  rounded  transparent  bodies,  upon  each 
of  which  a  series  of  depressed  parallel  rings,  surrounding  a  central 
spot  or  hiliun,  may  often  be  traced.  The  starch-granules  from 
different  plants  vary  both  in  magnitude  and  form :  those  from  the 
Carina  coccinea,  or  tous  les  mois,  and  potato  being  largest ;  and 
those  from  wheat,  and  the  cereals  in  genera],  very  much  smaller. 
Figure  161  will  serve  to  convey  an  idea  of  the  appearance  of  the 
granules  of  potato-starch,  highly  magnified. 

When  a  mixture  of  starch  and  water  is  heated  to  near  the 
boiling-point  of  the  latter,  the  granules  burst  and  disappear,  pro- 
ducing, if  the  proportion  of  starch  is  considerable,  a  thick  gela- 
tinous mass,  very  slightly  opalescent,  from  the  shreds  of  fine 
membrane,  the  envelope  of  each  separate  granule.  By  the  addition 
of  a  large  quantity  of  water,  this  gelatinous  starch,  or  amiclin,  may 
be  so  far  diluted  as  to  pass  in  great  measure  through  filter-paper. 
It  is  very  doubtful,  however,  how  far  the  substance  itself  is  really 
soluble  in  water,  at  least  when  cold ;  it  is  more  likely  to  be  merely 
suspended  in  the  liquid  in  the  form  of  a  swollen,  transparent,  and 
insoluble  jelly,  of  extreme  tenuity.  Gelatinous  starch,  exposed  in 
a  thin  layer  to  a  dry  atmosphere,  becomes  converted  into  a  yellow- 
ish, horny  substance,  like  gum,  which,  when  put  into  water,  again 
softens  and  swells. 

Thin  gelatinous  starch  is  precipitated  by  many  of  the  metallic 
oxides,  as  lime,  baryta,  and  lead  oxide  ;  also  by  a  large  addition  of 
alcohol.  Infusion  of  galls  throws  down  a  copious  yellowish  pre- 
cipitate containing  tannic  acid,  which  re-dissolves  when  the  solu- 
tion is  heated.  By  far  the  most  characteristic  reaction,  however, 
is  that  with  free  iodine,  which  forms  with  starch  a  deep  indigo-blue 
compound,  which  appears  to  dissolve  in  pure  water,  although  it  is 
insoluble  in  solutions  containing  free  acid  or  saline  matter.  The 
blue  liquid  has  its  colour  destroyed  by  heat,  temporarily  if  the 
heat  be  quickly  withdrawn,  and  permanently  if  the  boiling  be 
long  continued,  in  which  case  the  compound  is  decomposed,  and 
the  iodine  volatilised.  Dry  starch,  put  into  iodine-water,  acquires 
a  purplish-black  colour. 

The  unaltered  and  the  gelatinous  starch,  in  a  dried  state,  have 
the  same  empirical  formula,  CflH1(?05.  A  compound  of  starch  and 
lead  oxide  was  found  to  contain,  when  dried  at  100°,  C,H,„Or  PbO, 
°rC18H30O15.3PbO.  6  10  6 

Dextrin.— When  gelatinous  starch  is  boiled  with  a  small 
quantity  of  dilute  sulphuric,  hydrochloric,  or,  indeed,  almost  any 
acid,  it  speedily  loses  its  consistency,  and  becomes  thin  and  limpid, 
bom  having  suffered  conversion  into  a  soluble  gum-like  substance, 
called  dextrin,  on  account  of  its  dextro-rotatory  action  on  polarised 
light.  The  experiment  is  most  conveniently  made  with  sulphuric 
acid,  which  may  be  afterwards  withdrawn  by  saturation  with 
chalk.  The  liquid  filtered  from  the  nearly  insoluble  gypsum  may 
then  be  evaporated  to  dryness  on  a  water-bath.    The  result  is  a 
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gum-like  mass,  destitute  of  crystalline  structure,  soluble  in  cold 
water,  precipitable  from  its  solution  by  alcohol,  and  capable  of 
combining  with  lead  oxide. 

When  the  ebullition  with  the  dilute  acid  is  continued  for  a 
considerable  time,  the  dextrin  first  formed  undergoes  a  further 
change,  and  becomes  converted  into  dextro-glucose,  which  can  be 
thus  artificially  produced  with  the  greatest  facility.  The  length 
of  time  required  for  this  remarkable  change  depends  upon  the 
quantity  of  acid  present ;  if  the  latter  be  very  small,  it  is  neces- 
sary to  continue  the  boiling  many  successive  hours,  replacing 
the  water  which  evaporates.  With  a  larger  proportion  of  acid, 
the  conversion  is  much  more  speedy.  A  mixture  of  15  parts 
of  potato-starch,  60  parts  water,  and  6  parts  sulphuric  acid,  may 
be  kept  boiling  for  about  four  hours,  the  liquid  neutralised 
with  chalk,  filtered,  and  rapidly  evaporated  to  a  small  bulk.  By 
digestion  with  animal  charcoal  and  a  second  filtration,  much  of 
the  colour  will  be  removed,  after  which  the  solution  may  be 
boiled  down  to  a  thin  syrup,  and  left  to  crystallise :  in  the  course 
of  a  few  days  it  solidifies  to  a  mass  of  glucose.  There  is 
another  method  of  preparing  this  substance  from  starch  which 
deserves  particular  notice.  Germinating  seeds,  and  buds  in  the 
act  of  development,  are  found  to  contain  a  small  quantity  of  a 
peculiar  azotised  substance,  called  diastase,  formed  at  this  par- 
ticular period  from  the  gluten  of  vegetable  albuminous  matter. 
This  substance  possesses  the  same  curious  property  of  effecting  the 
conversion  of  starch  into  dextrin  and  glucose,  and  at  a  much  lower 
temperature  than  that  of  ebullition.  When  a  little  infusion  of 
malt,  or  germinated  barley,  in  tepid  water,  is  mixed  with  a  large 
quantity  of  thick  gelatinous  starch,  and  the  whole  maintained  at 
about  71°,  complete  liquefaction  takes  place  in  the  space  of  a  few 
minutes,  from  the  production  of  dextrin  and  glucose.  If  a  greater 
degree  of  heat  be  employed,  the  diastase  is  coagulated  and  ren- 
dered insoluble  and  inactive.  Very  little  is  known  respecting 
diastase  itself ;  it  seems  very  much  to  resemble  vegetable  albumin, 
but  has  never  been  obtained  in  a  state  of  purity. 

The  change  of  starch  or  dextrin  into  sugar*,  whether  produced 
by  the  action  of  dilute  acid  or  by  diastase,  takes  place  quite  inde- 
pendently of  the  oxygen  of  the  air,  and  is  unaccompanied  by  any 
secondary  product.  The  acid  takes  no  direct  part  in  the  reaction ; 
it  may,  if  not  volatile,  be  all  withdrawn  without  loss  after  the 
experiment.  .  The  whole  reaction  lies  between  the  starch  and  the 
elements  of  water,  a  fixation  of  the  latter  occurring  in  the  new- 
product,  as  will  be  seen  on  comparing  the  composition  of  starch 
and  glucose.  Dextrin  itself  has  exactly  the  same  composition  as 
the  original  starch. 

It  was  formerly  supposed  that,  in  the  action  of  acids  or  of 
diastase  upon  starch,  the  starch  is  first  converted  into  dextrin  by 
a  mere  alteration  of  physical  structure,  and  that  the  dextrin  then 
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takes  up  the  elements  of  water,  and  is  converted  into  glucose,  this 
second  stage  of  the  process  occupying  a  much  longer  time  than 
the  first;  but  from  recent  experiments  by  Musculus*  it  appears 
that  both  dextrin  and  glucose  are  produced  at  the  very  commence- 
ment of  the  reaction,  and  always  in  the  proportion  of  1  molecule 
of  glucose  to  2  molecules  of  dextrin :  whence  it  may  be  inferred 
that  the  molecule  of  starch  contains  C18H30O15,  and  that  it  is 
resolved  into  glucose  and  dextrin  by  taking  up  a  molecule  of 
Witter  * 

C18H30O15    +    H20    =    C0H12Oe    +  2C0H10O5 

Starch.  Glucose.  Dextrin.  , 

When  the  conversion  is  effected  by  a  dilute  acid,  the  dextrin  is, 
after  several  hours'  boiling,  completely  converted  into  glucose, 
which  is  therefore  the  sole  ultimate  product  of  the  reaction.  But 
when  diastase  is  used  as  the  converting  agent,  the  production  of 
glucose  (or  maltose,  p.  636)  goes  on  only  so  long  as  there  is  any 
unaltered  starch  still  present,  the  dextrin  undergoing  no  further 
alteration. 

_  Dextrin  is  used  in  the  arts  as  a  substitute  for  gum ;  it  is  some- 
times made  in  the  manner  above  described,  but  more  frequently 
by  heating  dry  potato-starch  to  400°,  by  which  it  acquires  a  yellow- 
ish tint  and  becomes  soluble  in  cold  water.  It  is  sold  in  this  state 
under  the  name  of  British  Gum. 

Starch  is  an  important  article  of  food,  especially  when  asso- 
ciated, as  in  ordinary  meal,  with  albuminous  substances.  Arrow- 
root, and  the  fecula  of  the  Carina  coccinea,  are  very  pure  varieties, 
employed  as  articles  of  diet;  arrowroot  is  obtained  from  the 
Maranta  arundinacea,  cultivated  in  the  West  Indies;  it  is  with 
difficulty  distinguished  from  potato-starch.— Tapioca  is  prepared 
from  the  root  of  the  Jatroplia  Manihot,  being  thoroughly  purified 
from  its  poisonous  juice.  -  Cassava  is  the  same  substance  modified 
while  moist  by  heat.— Sago  is  made  from  the  soft  central  portion 
of  the  stem  of  a  palm ;  and  salep  from  the  fleshy  root  of  the 
Orchis  mascula. 

Starch  from  Iceland  Moss.— The  lichen  caUed  Cetraria 
lslanchca,  purified  by  a  little  cold  solution  of  potash  from  a  bitter 
principle,  yields,  when  boiled  in  water,  a  slimy  and  nearly  colour- 
less liquid,  which  gelatinises  on  cooling,  and  dries  up  to  a  yellow- 
ish amorphous  mass,  which  does  not  dissolve  in  cold  water,  but 
merely  soitens  and  swells.  A  solution  of  this  substance  in  warm 
Water  is  not  affected  by  iodine,  although  the  jeUyis  rendered  blue. 
H  is  precipitated  by  alcohol,  lead  acetate,  and  infusion  of  galls, 
and  is  converted  into  glucose  by  boiling  with  dilute  sulphuric 
acid.  According  to  Mulder,  it  contains  C0H]0Ofi.  The  jelly  from 
certain  algm,  as  that  of  Ceylon,  and  the  so-called  Carragheen  moss, 
closely  resemble  the  above. 

vi  *177nnipted  Ren<his,  1.  785 ;  liv.  194  ;  Ann.  Oh.  Phys.  [8],  Ix.  208  ;  [4], 
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Inulin.— This  substance,  which  differs  from  common  starch  in 
some  important  particulars,  is  found  in  the  root  of  Inula  Helenium, 
Helianthus  tuberosus,  Dahlia,  and  several  other  plants :  it  may  he 
easily  ohtained  by  washing  the  rasped  root  on  a  sieve,  and  allow- 
ing the  inulin  to  settle  down  from  the  liquid ;  or  by  cutting  the 
root  into  thin  slices,  boiling  these  in  water,  and  filtering  while 
hot-  the  inulin  separates  as  the  solution  cools.  It  is  a  white, 
amorphous,  tasteless  substance,  nearly  insoluble  m  cold  water  but 
freely  dissolved  by  the  aid  of  heat ;  the  solution  is  precipitated  by 
alcohol,  but  not  by  acetate  of  lead  or  infusion  of  galls.  Iodine 
colours  it  brown.  Inulin  has  the  same  percentage  composition  as 
common  starch.  By  boiling  with  dilute  acids,  it  is  completely 
converted  into  levulose  (p.  636). 

Cellulose,  wC6H10O6,  probably  C18H30O15;  also  called  Lignin. 
—This  substance  constitutes  the  fundamental  material  ot  the 
structure  of  plants :  it  is  employed  in  the  organisation  of  cells  and 
vessels  of  all  kinds,  and  forms  a  large  proportion  of  the  solid 
parts  of  every  vegetable.  It  must  not  be  confounded  with  ligneous 
or  woody  tissue,  which  is  in  reality  cellulose  with  other  substances 
superadded,  encrusting  the  walls  of  the  original  membranous  cells, 
and  conferring  stiffness  and  inflexibility.  Thus  woody  tissue, 
even  when  freed  as  much  as  possible  from  colouring  matter  and 
resin  by  repeated  boiling  with  water  and  alcohol,  yields,  on 
analysis,  a  result  indicating  an  excess  of  hydrogen  above  that 
required  to  form  water  with  the  oxygen,  besides  traces  of  nitrogen. 
Pure  cellulose,  on  the  other  hand,  has  the  same  percentage  com- 
position as  starch.  .  .     .  „ 

The  properties  of  cellulose  may  be  conveniently  studied  in  fane 
linen  and  cotton,  which  are  almost  entirely  composed  of  it, 
the  associated  vegetable  principles  having  been  removed  or 
destroyed  by  the  variety  of  treatment  to  which  the  fibre  has 
been  subjected.  Pure  cellulose  is  tasteless,  insoluble  m  water 
and  alcohol,  and  absolutely  innutritious :  it  is  not  sensibly 
affected  by  boiling  water,  unless  it  happens  to  have  been  derived 
from  a  soft  or  imperfectly  developed  portion  of  the  plant,  inrJuffl 
case  it  is  disintegrated  and  rendered  pulpy.  Dilute  acids  and 
alkalis  exert  but  little  action  on  cellulose,  even  at  a  boiling  tempera- 
ture ;  strong  oil  of  vitriol  converts  it,  in  the  cold,  mto  a  nearly 
colourless,  adhesive  substance,  which  dissolves  in  water,  and  pre- 
sents the  characters  of  dextrin.  This  curious  and  interesting 
experiment  may  be  conveniently  made  by  very  slowly  adding 
concentrated  sulphuric  acid  to  half  its  weight  of  lmt,  or  linen  cut 
into  small  shreds,  taking  care  to  avoid  any  rise  of  temperature, 
which  would  be  attended  with  charring  or  blackening.  Ihe 
mixing  is  completed  by  trituration  in  a  mortar,  and  the  whole  left 
to  stand  a  few  hours ;  after  which  it  is  rubbed  up  with  water, 
warmed  and  filtered  from  a  little  insoluble  matter.  The  solution 
may  then  be  neutralised  with  chalk,  and  again  filtered,  ine 
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gummy  liquid  retains  lime,  partly  in  the  state  of  sulphate,  and 
partly  in  combination  with  sulpholignic  acid,  an  acid  composed  of 
the  elements  of  sulphuric  acid  in  union  with  those  of  cellulose. 
If  the  liquid,  previous  to  neutralisation,  be  boiled  during  three  or 
four  hours,  and  the  water  replaced  as  it  evaporates,  the  dextrin 
becomes  entirely  changed  to  glucose.  Linen  rags  may,  by  these 
means,  be  made  to  furnish  more  than  their  own  weight  of  that 
substance.  If  a  piece  of  unsized  paper  be  dipped  for  a  few  seconds 
into  a  mixture  of  2  volumes  of  concentrated  sulphuric  acid  and 
1  volume  of  water,  and  then  thoroughly  washed  with  water  and 
dilute  ammonia,  a  substance  is  obtained  which  resembles  parch- 
ment, and  has  the  same  composition  as  cellulose;  it  occurs  in 
commerce  under  the  name  of  parchment  paper  (papyrin).  An 
excellent  application  of  this  substance  in  diffusion  experiments  is 
mentioned  on  page  140. 

Cellulose  dissolves  in  an  ammoniacal  solution  of  cupric  oxide 
(prepared  by  dissolving  basic  cupric  carbonate  in  strong  ammonia), 
from  which  it  is  precipitated  by  acids  in  colourless  flakes. 

Cellulose  is  not  coloured  by  iodine. 

Xyloidin  and  Pyroxylin. — When  starch  is  mixed  with  nitric 
acid  of  specific  gravity  1-5,  it  is  converted,  without  disengagement 
of  gas,  into  a  transparent,  colourless  jelly,  which,  when  put  into 
water,  yields  a  white,  curdy,  insoluble  substance :  this  is  xyloidin. 
When  dry,  it  is  white  and  tasteless,  insoluble  even  in  boiling 
water,  but  freely  dissolved  by  dilute  nitric  acid,  and  the  solution 
yields  oxalic  acid  when  boiled.  Other  substances  belonging  to  the 
same  class  also  yield  xyloidin;  paper  dipped  into  the  strongest 
nitric  acid,  quickly  plunged  into  water,  and  afterwards  dried, 
becomes  in  great  part  so  changed :  it  assumes  the  appearance  of 
parchment,  and  becomes  highly  combustible. 

If  pure  finely  divided  ligneous  matter,  as  cotton-wool,  be  steeped 
lor  a  few  minutes  into  a  mixture  of  nitric  acid  of  sp.  gr.  1*5  and 
concentrated  sulphuric  acid,  then  squeezed,  thoroughly  washed, 
and  dried  by  very  gentle  heat,  it  will  be  found  to  have  increased 
in  weight  about  70  per  cent.,  and  to  have  become  highly  explosive, 
taking  fire  at  a  temperature  not  much  above  149°  C.  (300°  F.), 
tod  burning  without  smoke  or  residue.  This  is  pyroxylin,  the 
gun-cotton  of  Schonbein. 

Xyloidin  and  pyroxylin  are  substitution-products  consisting  of 
starch  and  cellulose  in  which  the  hydrogen  is  more  or  less 
replaced  by  nitryl,  NO,.  Xyloidin  consists  of  CeH9(N02)06,  or 
|-1^lf27(N02)30ll..  Of  pyroxylin  several  varieties  are  known,  dis- 
tinguished by  their  different  degrees  of  stability  and  solubility  in 
alcohol,  ether,  and  other  liquids.  According  to  Hadow*  the 
three  principal  varieties  are: — 

*  Chetn.  Soc.  Journal,  vii.  201. — A  series  of  elaborate  and  valuable 
researches  on  gun-cotton  has  recently  been  published  by  Abel  (Proceed. 
Royal  Soc.)  xv.  182;  C'hcm.  Soc.  Journ.  [2],  xv.  310. 
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«.— C18Hn(N02)B016,  or  CflH7(N02)305,  insoluble  in  a  mixture 
of  ether  and  alcohol,  hut  soluble  in  ethylic  acetate.  It  is  produced 
by  repeated  immersion  of  cotton-wool  in  a  mixture  of  2  molecules 
of  nitric  acid,  HN03,  2  molecules  of  oil  of  vitriol,  H^SO^  and 
3  molecules  of  water. 

(3.— 018H22(N02)8016,  soluble  in  ether-alcohol,  insoluble  in  glacial 
acetic  acid."  Produced  when  the  acid  mixture  contains  half  a 
molecule  more  water  than  in  «. 

y.— C18H23(N02)7015  (Gladstone's  cotton-xyloidin),  soluble  in 
ether  and  in" glacial  acetic  acid.  Produced  when  the  acid  mixture 
contains  one  molecule  more  water  than  in  a.. 

The  first  of  these,  which  consists  of  trinitrocellulose,  is  the  most 
explosive  of  the  three,  and  the  least  liable  to  spontaneous  decom- 
position. It  is  the  only  one  adapted  for  use  as  an  explosive  agent, 
and  is  especially  distinguished  as  "  gun-cotton."  From  the  experi- 
ments of  General  von  Lenk,  of  the  Austrian  service,  it  appears 
that  to  insure  the  uniform  production  of  this  particular  compound 
the  following  precautions  are  necessary : — 

1.  The  cleansing  and  perfect  desiccation  of  the  cotton  previously 
to  its  immersion  in  the  mixed  acids.  2.  The  employment  of  the 
strongest  acids  procurable  in  commerce.  3.  The  steeping  of  the 
cotton  in  a  fresh  strong  mixture  of  acids  after  the  first  immersion 
and  partial  conversion  into  gun-cotton.  4.  The  continuance  of 
the  steeping  for  forty-eight  hours.  5.  The  thorough  purification 
of  the  gun-cotton  thus  produced  from  every  trace  of  free  acid,  by 
washing  the  product  in  a  stream  of  water  for  several  weeks ;  sub- 
sequently a  weak  solution  of  potash  may  be  used,  but  this  is  not 
essential. 

The  solution  of  the  less  highly  nitrated  compounds  in  alcohol 
and  ether  is  called  collodion.  This  solution,  when  left  to 
evaporate,  dries  up  quickly  to  a  thin,  transparent,  adhesive  mem- 
brane: it  is  employed  with  great  advantage  in  surgery  as  an  air- 
tight covering  for  wounds  and  bums.  It  is  also  largely  used  in 
photograjihy  (p.  80). 

Glycogen,  nCGH10O6,  was  obtained  by  Bernard  from  the  liver 
of  several  animals  (calf  or  pig)  by  exhaustion  with  water  and  pre- 
cipitating with  boiling  alcohol.  The  precipitate  is  purified  by 
boiling  with  dilute  potash,  repeatedly  dissolving  in  strong  acetic 
acid,  and  precipitating  by  alcohol.  Glycogen  also  enters  largely 
into  the  composition  of  most  of  the  tissues  of  the  embryo.  The 
muscles  of  foetal  calves  of  three  to  seven  months  have  been  found 
to  yield  from  20  to  50  per  cent,  of  it. 

Glycogen  is  a  white,  amorphous,  starch-dike  substance,  without 
odour  or  taste,  yielding  an  opalescent  solution  with  water,  but 
insoluble  in  alcohol.  It  does  not  reduce  an  alkaline  solution  of 
copper.  This  substance  does  not  ferment  with  yeast,  but  is  con- 
verted into  glucose  by  boiling  with  dilute  acids,  or  by  contact  with 
diastase,  pancreatic  juice,  saliva,  or  blood. 
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Organic  Acids,  or  carbon  acids,  are  derived,  as  we  have  several 
tunes  had  occasion  to  observe,  from  alcohols,  by  the  substitution  of 
oxygen  for  an  equivalent  quantity  of  hydrogen  (0  for  H2) ;  in  fact 
they  are  often  produced  directly  from  alcohols  by  the  action  of 
oxidising  agents.  Now  the  formula  of  an  alcohol  is  derived  from 
that  of  a  hydrocarbon  by  substitution  of  one  or  more  equivalents 
of  hydroxyl  (OH)  for  an  equal  number  of  hydrogen-atoms,  the 
number  of  such  substitutions  determining  the  atomicity  of  the 
alcohol  (p.  562),  that  is  to  say,  the  number  of  its  hydrogen-atoms 
that  can  be  replaced  by  a  monatomic  alcohol  radical  or  acid 
radical,  and  in  some  cases  by  an  alkah-metal;  in  other  words,  the 
number  of  ethers  that  an  alcohol  can  form  with  a  monatomic 
alcohol-radical  is  equal  to  the  number  of  equivalents  of  hydroxyl 
contained  in  its  molecule;  thus  glycerin,  which  is  a  triatomic 
molecule,  yields  three  ethylic  ethers  : 

CH2OH      CH2OC2H5      CH2OC2H5  CH2OC2H. 
CHOH       AhOH  AhOH  A 


A 


HOC2H5 


H2OH      CH2OH  CH2OC2H.  CH2OC2H5 

Glycerin.       Mono-ethylin.  Diethylin.  Triethylin. 

The  hydrogen  thus  replaceable,  called  typic  hydrogen,  is  that 
which  is  combined  with  the  carbon,  not  directly,  but  only  through 
the  medium  of  oxygen. 

The  number  of  acids  which  any  alcohol  can  yield  is  equal  to 
the  number  of  times  that  the  group  or  radical,  CH2OH,  enters 
into  its  molecule ;  and  the  passage  from  the  alcohol  to  the  acid 
consists  m  the  substitution  of  0  for  H2  in  this  group,  or  in  the 
conversion  of  CH2OH  into  the  acid  radical  COOH,  called  c  ar  b  o  x y  1. 
thus  ethyl  alcohol,  CH3— CH2OH,  which  is  monatomic,  can  yield 
but  one  acid,  namely,  acetic  acid,  CH3— COOH ;  but  ethene  alcohol 
'^I'.^ycol,  which  is  diatomic,  yields  two,  viz.,  glycollic  and  oxalic 

OH2OH  CH2OH  COOH 

CH2OH  A'OOH  AoOH 

Mhene  Glycollic  Oxiilic 

alcohol.  acid.  acid. 

Further  observation  shows  that  the  basicity  of  an  organic  acid, 
«nat  is  to  say,  the.  number  of  its  hydrogen-atoms  that  can  be  re- 
placed by  metals  to  form  salts,  is  equal  to  the  number  of  equiva- 
lents oi  carboxyl  contained  in  it,  or,  in  other  words,  to  the  number 
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of  hydrogen-molecules  (H2)  that  have  heen  replaced  by  oxygen  (0), 
in  the  immediate  neighbourhood  of  hydroxyl  (OH),  to  convert  the 
alcohol  into  an  acid.  Thus  from  normal  propene-glycol,  C^O^ 
may  be  derived  the  two  diatomic  acids,  lactic  (or  rather  paralactic) 
acid,  C3H603,  which  is  monobasic,  and  malonic  acid,  C3H404, 
which  is  bibasic : 

CH2OH 
CH2 
CH2OH 

Propene 
glycol. 

The  atomicity  of  an  acid  is  the  same  as  that  of  the  alcohol  from 
which  it  is  derived ;  thus  lactic  acid,  though  it  contains  only  one 
atom  of  basic  hydrogen,  and  therefore  forms  only  one  class  of 
metallic  salts,  represented  by  the  formula  C3H503M,  can  form  two 
ethylic  ethers,  viz.,  ethyl-lactic  acid  and  diethyl-lactate  or  ethylic 
ethyl-lactate ;  thus: 

CH2OH 
CH2 

cooh 

Lactic  acid 
(monobasic) 

From  these  considerations  it  appears,  that  monatomic  acids 
must  necessarily  be  monobasic ;  but  diatomic  acids  may  be  either 
monobasic  or  bibasic ;  triatomic  acids,  either  monobasic,  bibasic,  or 
tribasic ;  and  so  on. 

Many  of  the  most  important  acids  are  derived,  in  the  manner 
above  explained,  from  actually  known  alcohols ;  others,  though  they 
have  no  alcohols  actually  corresponding  to  them,  are  homologous 
with  other  acids  derived  from  known  alcohols ;  but  there  is  also  a 
considerable  number  of  acids,  especially  those  formed  in  the 
vegetable  or  animal  organism,  which  cannot  be  regarded  as  deri- 
vatives of  alcohols  of  any  known  series ;  but  the  number  of  these 
unclassified  acids  will  doubtless  diminish  as  their  composition  and 
reactions  become  more  thoroughly  known. 

Acids  may  also  be  regarded  as  compounds  of  hydroxyl  with 
oxygenated  radicals  (acid  radicals)  formed  from  the  corresponding 
alcohol-radicals  by  substitution  of  0  for  H2,  or  as  derived  from 
one  or  more  molecules  of  water  (according  to  their  atomicity), 
by  substitution  of  such  radicals  for  half  the  hydrogen  in  the 
water;  e.g., 


CH2OH  COOH 


CH9  CH 


A, 


2 


COOH  COOH 

Lactic  Malonic 
acid.  acid. 


CH2OC2H6  CH2OC2H5 

CH2  CH2 

COOH  COOC2H5 

Ethyl-lactic  Diethylic 
acid  (mono-  lactate 
basic).  (neutral). 
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Type. 

H)U  H   )  H  ) 

"Water.  Ethyl  alcohol.  Acetic  acid. 

H  ) 

|   °       (Csh\°Q       (Cawjo  (C3I2Ar!°2 

Water  (2  mol).         Propene  Lactic  acid.  Malonic  acid, 

glycol. 

In  these  typical  formulae  of  polyatomic  acids,  the  typic  or 
alcoholic  hydrogen  (replaceable  only  by  alcoholic  or  acid  radicals), 
is  placed,  for  distinction,  above  the  acid  radical ;  and  the  basic 
hydrogen,  replaceable  either  by  metals  or  alcohol  radicals,  below. 

The  acid  radicals  are  denoted  by  names  ending  in  yl,  formed 
from  those  of  the  acids  themselves  ;  thus,  C2H30,  the  radical  of 
acetic  acid,  is  called  acetyl ;  C3H40,  is  lactyl ;  CjELjO^  is  malonyl, 
&c. 

The  replacement  of  the  hydroxyl  in  an  acid  by  chlorine, 
bromine,  or  iodine,  gives  rise  to  acid  chlorides,  &c.  ;  thus  from 
acetic  acid,  C2H30(OH),  is  derived  acetic  chloride,  C2H30C1,  &c. 
The  replacement  of  the  hydrogen  within  the  radical  (radical 
hydrogen)  by  the  same  elements,  or  by  the  radicals,  CN,  N02,  NH2, 
&c,  gives  rise  to  chlorinated,  brominated,  cyanated,  nitrated,  and 
amidated  acids  (see  p.  538).  Lastly,  the  replacement  of  the  typic 
hydrogen  by  alcohol-radicals  gives  rise  to  ethereal  salts  or  com- 
pound ethers ;  and  its  replacement  by  acid  radicals  yields  acid 
oxides  or  anhydrides  (p.  539).  The  derivatives  of  each  acid  will 
he  described  in  connection  with  the  acid  itself. 


MONATOMIC  ACIDS. 

These  acids,  being  derived  from  monatomic  alcohols  by  substi- 
tution of  0  for  H2,  necessarily  contain  two  atoms  of  oxygen. 
Each  series  of  hydrocarbons  yields  a  series  of  monatomic  alcohols 
and  a  series  of  monatomic  acids :  thus, 


Hydrocarbons.                   Alcohols.  Acids. 

CnH2n+2  CnH2n+20  CnH2n02 

CnHs„  CnH2nO  CnH2n-202 

CnH2n_2  CnH2n-20  CnH2n-402 

CnH2n_4  CnH2n— 40  CnH2n— 0.O2 

&C.                               &C.  &C. 


The  best  known  monatomic  acids  are  those  belonging  to  the 
series  CnH2n02,  CnH2n_202,  C„HSn-80a,  and  CnH2n_io02.  The 
last  two  belong  to  the  aromatic  group.  Of  the  other  series  only  a 
few  terms  have  hitherto  been  obtained. 
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1.  Acids  belonging  to  the  series  CnH2n02,  or  CnH2n— iO(OH). 

These  acids  are  called  fatty  or  adipic  acids,  most  of  them 
being  of  an  oily  consistence,  and  the  higher  members  of  the  series 
solid  fats.  The  following  is  a  list  of  the  known  acids  of  the  series, 
together  with  their  melting  and  boiling  points  : 


Name. 

Formula. 

Melting 
point. 

Formic  acid,  .... 

CH202 

+  1° 

Acetic  acid,  .... 

C2H402 

+  17° 

Propionic  acid,  . 

C3H602 

Butyric  acid  (normal),  . 

C4H802 

below- 20° 

Valeric  acid       ,,  . 

C6H10O2 

Caproic  acid      ,,    .  . 

+  5° 

OEnanthylie  acid, .    .  . 

C7H1402 

Caprj'lic  acid, .... 

C8H1602 

+  14° 

Pelargonic  acid,  .    .  . 

+  18° 

Rutic  or  Capric  acid, 

+  30° 

Laurie  acid,  .... 

Ci2H24°2 

C14H28O2 

+  43-6° 

Myristic  acid,     .    .  . 

53-8° 

Palmitic  acid,     .    .  . 

C1GH32O2 
C17H3402 

62° 

Margaric  acid,     .    .  . 

59-9°? 

Stearic  acid,  .... 

C18H3602 
^2oH4o02 

C27HB402 

69-2° 

Arachidic  acid,    .    .  . 

75° 

Behenic  acid,  .... 

76° 

Cerotic  acid,  .... 

78° 

Melissic  acid, .... 

C3oH60Oa 

88° 

Boiling 
point. 

100° 
117° 
141° 
164° 
185° 
200°-205° 
212° 
236° 
260° 


These  acids  may  be  represented  on  the  marsh-gas  type  and  011 
the  water  type  by  the  following  formulae  : 

Acid. 

(  (Cn_lH2n-l)'  Cn-lH2n-l 

Marsh-gas,  C{0"  or 

(OH  0=C-OH 

Water,    g  j  O  or  HOH     (CnH2n-iO)'  J  0  or  (CnH2n-iO)'OH . 

If  in  either  of  these  formvdse  we  make  11  successively  equal  to 
1,  2,  3,  &c,  we  get  the  formulae  of  formic,  acetic,  propionic  acid, 
&c. ;  thus : 

( H  (CH3  (C,H.         (C,H7  (C4H9 

C  \  O"        C  \  O"        c\o7'        c\ol        C\  O" 
(OH  (   H  (OH  (OH  (OH 

Formic.  Acetic.  Propionic.  Butyric.  Valeric. 


FATTV  ACIDS. 


6G3 


The  acid  radicals  CnHon— lO,  in  the  water  type  formulae,  may 
be  regarded  as  compounds  of  carbon,  CO,  with  alcohol-radicals, 
CnH2n— iO  =  CO(Cn— lHsn— 1),  and  accordingly  the  several  acids 
may  be  represented  as  follows  : 

'C0H|0  CO(CH3)J0  CO(C2H5)j0  &c_ 

Formic.  Acetic.  Propionic. 

All  the  acids  of  the  series  containing  more  than  three  carbon- 
atoms  admit  of  isomeric  modifications,  according  to  the  constitution 
of  the  alcohol-radical  which  they  contain :  butyric  acid,  C4Hs02, 
for  example,  may  exhibit  the  following  modifications  : 

Normal  butyric  acid.  Isobutyric  acid. 


CH3 


H3C  CH3 


CHoCHX'H.         CH,  CH(CH3)2  V 

I  or     I  I  or  CH 


0=C-OH  CH0  0=C-OH 


Ozzk- 


OH 


0=C-OH 

But  none  of  these  acids  can  exhibit  modifications  analogous  to 
the  secondary  and  tertiary  alcohols  :  because  in  them  the  carbon- 
atom  which  is  associated  with  hydroxyl  has  two  of  its  other  units 
of  equivalence  satisfied  by  an  atom  of  bivalent  oxygen,  and  there- 
fore cannot  imite  directly  with  more  than  one  other  atom  of 
carbon.  Accordingly,  it  is  found  that  the  secondary  and  tertiary 
alcohols  are  not  converted  by  oxidation  into  acids  containing  the 
Same  number  of  carbon-atoms  as  themselves. 

Occurrence. — Most  of  the  fatty  acids  are  found  in  the  bodies  of 
plants  or  animals,  some  in  the  free  state;  formic  acid  in  ants  and 
nettles  ;  valeric,  acid  in  valerian  root ;  pelargonic  acid  in  the 
essential  oil  of  Pelargonium  roseum;  and  cerotic  acid  in  bees'-wax. 
Others  occur  as  et  hereal  salts  of  monatomic  or  polyatomic  alcohols : 
as  cety]  palmitaLe  in  spermaceti ;  ceryl  cerotate  in  Chinese  wax  ; 
glyceric  bill  vra.tr,  palmitate,  stearate,  &c,  in  natural  fats. 

Formation. — 1.  By  oxidation  of  the  primary  alcohols  of  the 
methyl  series,  as  by  exposure  to  the  air  in  contact  with  platinum 
black,  or  by  heating  with  aqueous  chromic  acid. — 2.  By  the 
oxidation  of  aldehydes.  In  this  case  an  atom  of  oxygen  is  simply 
abided  ;  (.jr.,  ( !2H46  (aldehyde)  +  0  =  C2H402  (acetic  acid). 

3.  By  the  action  of  carbon  dioxide  on  the  potassium  or  sodium 
SOmpound  of  an  alcohol-radical  of  the  methyl  series  ;  thus, 

OH. 

CO,      +       CELNa       =  I 

COONa 

Carbon  Sodium  Sodium 

dioxide.  methlde.  acetate. 
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4.  By  the  action  of  alkalis  or  acids  on  the  cyanides  of  the 
alcohol-radicals ;  CnH2u+i :  thus, 


P  XT 

L*n-tl2n-f  1 

(    ,t-i  H  On     1  1 

-f-    ivUrl  -)- 

_  | 

i 

IN  XI3 

CN 

COOK 

Alcoholic 

Potassium 

Water. 

Potassium-salt 

Ammo- 

cyanide. 

hydrate. 

of  fatty  acid. 

nia. 

and : 

CnH2n+l 

CnH2n+l 

1 

+    HCl  + 

2H/) 

+ 

NH4C1 

CN 

COOH 

Alcoholic 

Hydrochloric 

Water. 

Potassium 

Ammonium 

cyanide. 

acid. 

salt. 

chloride. 

In  this  manner  the  cyanide  of  each  alcohol-radical  yields  the 
potassium  salt  of  the  acid  next  higher  in  the  series,  that  is,  con- 
taining one  atom  of  carbon  more  ;  methyl  cyanide,  for  example, 
yielding  acetic  acid,  ethyl  cyanide  yielding  propionic  acid,  &c. : 
thus, 


CH3 
CN 

Methyl 
cyanide. 


+    KOH    +    H20  = 


CH, 


COOK 

Potassium 
acetate. 


+  NH3 


5. 
e.g., 


By  the  action  of  water  on  the  corresponding  acid  chlorides ; 
+    HOH    =    HCl  + 


C2H30C1 

Acetyl 
chloride. 


C2H30(OH) 

Acetic  acid. 


Now,  these  acid  chlorides  can  he  produced,  in  some  instances  at 
least,  by  the  action  of  carbonyl  chloride  (phosgene  gas)  on  the 
corresponding  paraffins ;  thus, 


CH4 
Methane. 


C4H10 
Quartane. 


+     COCl2     =     HCl     4-  C,H3OCl 


Carbonyl 
chloride. 


-f     COCL    =     HCl  + 


Carbonyl 
chloride. 


Acetyl 
chloride. 

C5H90C1 

Valeryl 
chloride. 


By  these  combined  reactions,  therefore,  the  paraffins  may  be 
converted  into  the  corresponding  fatty  acids. 

The  five  modes  of  formation  above  given  are  general,  or  capable 
of  being  made  so.  There  are  also  special  methods  of  producing 
particular  acids  of  the  series,  but  in  most  of  these  cases  the  re- 
actions cannot  be  distinctly  traced;  thus  formic,  acetic,  propionic, 
butyric,  and  valeric  acids  are  produced  by  the  oxidation  of  albivmin, 
fibrin,  casein,  gelatin,  and  other  similar  substances ;  propionic  and 
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butyric  acids  in  certain  kinds  of  fermentation ;  acetic  acid  by  the 
destructive  distillation  of  wood  and  otber  vegetable  substances. 

Properties. — Most  of  tbe  fatty  acids  are,  at  ordinary  temperatures, 
transparent  and  colourless  liquids;  formic  and  acetic  acids  are 
■watery ;  propionic  acid  and  the  higher  acids,  up  to  pelargonic  acid, 
are  oily;  rutic  acid  and  those  above  it  are  solid  at  ordinary  tem- 
peratures,  most  of  them  being  crystalline  fats ;  cerotic  and  melissic 
acids  are  of  waxy  consistence.  By  inspecting  the  table  on  page 
662,  it  will  be  seen  that  the  boiling  points  of  these  acids  differ,  for 
the  most  part,  by  about  24°  for  each  addition  of  CH2.  There  are, 
however,  a  few  exceptions  to  this  rule,  some  of  which  may  arise 
from  the  existence  of  isomeric  modifications.  The  boiling  points 
'of  formic  and  acetic  acids,  however,  which  cannot  exhibit  any 
such  modifications,  differ  by  only  17°. 

Reactions. — 1.  When  the  fatty  acids  are  submitted  to  the  action 
of  nascent  oxygen  evolved  by  electrolysis,  the  carboxyl  (COOH) 
contamed  in  them,  is  resolved  into  water  and  carbon  dioxide,  and 
the  alcohol-radical  is  set  free  (p.  546) ;  thus, 

C4H9  •  C4H9 

2  |        +    0     =     H20    +    2C02    +  I 
COOH  C4H9 

Valeric  acid.  Dibutyl. 

2.  When  the  ammonium  salt  of  either  of  these  acids  is  heated 
with  phosphoric  oxide,  it  gives  up  water  and  is  converted  into  the 
cyanide  of  the  alcohol-radical  next  below  it;  e.g.,  ammonium 
acetate  into  methyl  cyanide  : 

CH3— COONH4     —     2H20     =     CH3— CN 

This  reaction  is  the  converse  of  the  fourth  mode  of  formation 
above  given. 

3.  By  distilling  the  potassium  salt  of  a  fatty  acid  with  an 
equivalent  quantity  of  potassium  formate,  the  corresponding 
aldehyde  is  obtained : 

COCH3|0    +    COHJ0    =    C0(Ch3)H  + 

Acetate.  Formate.  Aldehyde.  Carbonate. 

and  the  aldehyde,  treated  with  nascent  hydrogen,  is  converted  into 
a  primary  alcohol : 

CH3  CH3 
J  +         H2  I 

COH  CH2OH 

4.  By  subjecting  the  barium  or  calcium  salt  of  a  fatty  acid  to  dry 
distillation,  a  similar  decomposition  takes  place,  resulting  in  the 
formation  of  a  ketone  : 
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(C0CCa''2  |  °3      =      C0(°H^     +  Ca"C0= 
Calcium  Acetone.  Calcium 

acetate.  carbonate. 

and  the  ketone,  treated  with  nascent  hydrogen,  yields  a  secondary 
alcohol : 

CH3  HC3  CH3 


i 


+        H2        =  V 
OCH3  CHOH 

icetone.  Secondary 

propyl  alcohol. 


By  these  reactions,  the  fatty  acids  may  be  converted  into 
alcohols. 

5.  The  fatty  acids,  heated  with  alcohols  in  sealed  tubes,  yield 
compound  ethers,  or  ethereal  salts,  water  being  eliminated : 

C4H70(OH)    +    HOC2Hs    =    H20    +  C4H70(OC2H5) 

Butyric  Ethyl  Ethyl 

acid.  alcohol.  butyrate. 

The  conversion,  however,  is  never  complete,  a  portion,  both  of  the 
acid  and  of  the  alcohol,  remaining  unaltered,  in  whatever  propor- 
tion they  may  be  mixed. 

The  ethereal  salts  of  the  fatty  acids  are,  for  the  most  part,  more 
easily  obtained  by  acting  upon  the  alcohol  with  an  acid  chloride, 
or  by  passing  hydrochloric  acid  gas  into  a  solution  of  the  fatty  acid 
in  the  alcohol;  thus  butyric  chloride  and  ethyl  alcohol  yield 
ethyl-butyrate : 

C4H70C1    +    HOC2H5    =    HC1   +    C4H70(OC2H5) . 

Another  method  very  commonly  adopted,  is  to  distil  a  potassium 
salt  of  the  fatty  acid  with  a  mixture  of  the  alcohol  and  strong 
sulphuric  acid.  In  this  case  an  acid  sulphuric  ether  is  first  formed 
(as  ethyl-sulphuric  acid  from  ethyl  alcohol,  p.  581),  and  this  acts 
upon  the  salt  of  the  fatty  acid  in  the  manner  illustrated  by  the 
equation : 

S02(OH)OC2H6)  -pC4H70(OK)  =  C4H70(OC2H6)  +  S02(OH)(OK) 

Ethyl-sulphuric  Potassium  Ethyl  Acid  potassium 

acid-  butyrate.  butyrate.  sulphate. 

The  ethereal  salts  of  the  fatty  acids  are  either  volatile,  oily  or 
syrupy  liquids,  or  crystalline  solids,  for  the  most  part  insoluble  in 
water,  but  soluble  in  alcohol  and  in  ether.  When  distilled  with 
potash  or  soda,  they  take  up  water  and  are  saponified,  that  is  to 
say,  resolved  into  the  alcohol  and  acid;  e.g.,  ethyl  butyrate  into 
butyric  acid  and  ethyl  alcohol : 

C4H70(OC2H5)    +    HOH    =    C4HyO(OH)    +  C2H5(OH) 

6.  The  fatty  acids  are  strongly  acted  upon  by  the  chlorides, 
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bromides,  oxychlorides,  and  oxybromides  of  phosphorus,  yielding  acid 
chlorides  and  bromides,  the  phosphorus  being  at  the  same 
time  converted  into  phosphorous  or  phosphoric  acid ;  thus, 

3C2H30(OH)    +    PC13      =    PO3H3    +  3C2H30C1. 
3C2H30(OH)    +    PC130    =    P04H3    +  3C2H30C1. 
(\,H30(OH)    +    PC15    =    PC130    +    HC1    +  "  C2H80C1 . 

These  acid  chlorides  are,  for  the  most  part,  oily  liquids,  having 
a  pungent  acid  odour ;  they  are  easily  decomposed  by  water,  yield- 
ing the  fatty  acid  and  hydrochloric  acid.  This  decomposition 
takes  place  also  when  they  are  exposed  to  the  air ;  hence  they 
emit  dense  acid  fumes.  They  react  in  an  exactly  similar  manner 
with  alcohols,  as  above-mentioned,  yielding  hydrochloric  acid  and 
a  compound  ether. 

7.  The  chlorides  of  the  acid  radicals,  CnH2n— lO,  act  violently 
on  ammonia,  forming  ammonium  chloride  and  the  corresponding 
amide,  acetic  chloride,  for  example,  yielding  acetamide  : 

C2H30C1   +    2NH3    =    NH4C1    +  NH2(C2H30). 

8.  The  acid  chlorides,  distilled  with  a  metallic  salt  of  the  cor- 
responding acid,  yield  a  metallic  chloride  and  the  oxide  or 
anhydride  corresponding  to  the  acid :  thus, 

C2H30C1    +    C2H30(OK)    =    KC1    +  (C2H30)20. 

In  like  manner,  when  distilled  with  the  potassium  salt  of  another 
monatomic  acid,  they  yield  oxides  or  anhydrides  containing  two 
monatomic  acid  radicals :  e.g., 

C2H30C1    +    C7H50(OK)    =    KC1    +    §1$  }  0 

Acetic  Potassium  Aceto-ben- 

chloride.  benzoate.  zoic  oxide. 

The  oxides  of  the  fatty  acid  radicals  may  also  be  prepared  by 
heating  a  dry  lead-salt  of  the  acid,  in  a  sealed  tube,  with  carbon 
bisulphide;  e.g., 

2Ph  (  OC2H30  +  CS2  =  2PbS  +         +  2(C2H30)20 
Lead  acetate.  Acetic  oxide. 

The  oxides  of  the  fatty  acid  radicals  are  gradually  decomposed  by 
water,  quickly  when  heated,  yielding  two  molecules  of  the  corres- 
ponding acid : 

(C2H30)20    +    H20    =  2C2H30(OH). 

Those  containing  two  acid  radicals  yield  one  molecule  of  each 
Of  the  corresponding  acids. 
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In  contact  with  alcoholic  oxides  (oxygen-ethers),  the  acid  oxides 
are  converted  into  ethereal  salts : 

(C2H30)20    +    (C2H6)20    =  2C2H30(OC2H5) 

Acetic  oxide.  Ethyl  oxide.  Ethyl  acetate. 

With  alcohols,  in  like  manner,  they  yield  a  niixtni'e  of  a  compound 
ether  with  the  acid : 

(C2H30)20  +  C2Hs(OH)  =  C2H30(OC2H6)  +  C2H30(OH) 

Acetic  oxide.        Ethyl  alcohol.  Ethyl  acetate.  Acetic  acid. 

The  acid  oxides  are  decomposed  by  ammonia  gas,  yielding  a 
mixture  of  an  ammonium-salt  with  an  amide,  e.g.: 

(C2H30)20  +  2NH3  =  CgHgOtONH^  +  NH2C2H30. 

9.  The  fatty  acids,  subjected  to  the  action  of  chlorine  or  bromine, 
give  off  hydrochloric  or  hydrobrornic  acid,  and  are  converted  into 
substitution-compounds  containing  one  or  more  atoms  of  chlorine 
or  bromine  in  place  of  hydrogen;  but  it  is  only  the  hydrogen 
within  the  radical  that  can  be  thus  exchanged,  the  typic  hydrogen 
remaining  unaltered,  so  that  the  number  of  chlorine  or  bromine- 
atoms  introduced  in  place  of  hydrogen  is  always  less  by  at  least 
one  than  the  number  of  hydrogen-atoms  in  the  acid : 

C2H30(OH)    +    Cl2    =    HC1    +  C2H2C10(OH) 

Acetic  acid.  Chloracetic  acid. 

C2H30(OH)    +    3C12  =    3HC1  +  C2C130(0H) 

Acetic  acid.  Trichloracetic 

acid. 

The  io dated  acids  of  the  same  series  (or  rather  their  ethereal 
salts)  are  obtained  by  heating  the  corresponding  bromine-coni- 
pounds  with  potassium  iodide : 

C2H2BrO(OC2H5)   +  KI   =   KBr  +   C2H2IO(OC2H5) ; 

Ethyl-brom-  Ethyl-iodacetate. 
acetate. 

and  the  ethers  treated  with  potash  yield  potassium  salts  of  the 
iodated  acids,  from  which  the  acids  may  be  obtained  by  decom- 
position with  sulphuric  acid. 

10.  The  chlorinated  and  brominated  fatty  acids,  boiled  with  miter 
and  silver  oxide,  exchange  the  whole  of  their  chlorine  or  bromine 
for  an  equivalent  quantity  of  hydroxyl,  producing  new  acids, 
which  differ  from  the  primitive  acids  by  a  number  of  atoms  of 
oxygen  equal  to  the  number  of  atoms  of  chlorine  or  bromine  pre- 
sent; e.g., 

2C2H3Br02    +    Ag20    +    H20    =    2AgBr    +  2C2H403 

Bromacetic  Glycollic 
acid.  acid. 

C4H0Br2O2    +    Ag20    +    H20    =    2AgBr    +  C4H804, 

Dihromo-  Dioxy-bu- 
butyric  acid.  tyric  acid. 
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Dichloracetic  and  trichloracetic  acid  are  not  sufficiently  stable  to 
exhibit  this  transformation,  their  molecules  splitting  up  alto- 
gether when  boiled  with  silver  oxide. 

11.  The  nionochlorinated  and  monobrom i nated  acids,  subjected 
to  the  action  of  an  alcoholic  solution  of  ammonia  gas,  yield  am- 
monium chloride  and  a  new  acid,  in  which  the  chlorine  or  bro- 
mine is  replaced  by  amidogen.  Thus  monochloracetic  acid  yields 
amidacetic  acid,  or  glycocine: 

C2H3C102    +    2NH3    =    NH4C1    +  C2H3(NH2)02. 

There  is  another  way  of  viewing  these  amidated  acids,  which  will 
be  considered  hereafter. 

(  H  H 

Formic  acid,  CH202  =   CHO(OH)  =  C  {  0"  =  | 

( HO  COOH 

— This  acid  occurs  in  the  concentrated  state  in  the  bodies  of  ants, 
in  the  hairs  and  other  parts  of  certain  caterpillars,  and  in  stinging 
nettles.  It  may  be  produced  by  the  first,  second,  and  fourth  of  the 
above-mentioned  general  methods  of  forming  the  fatty  acids — viz., 
by  the  slow  oxidation  of  methyl  alcohol,  or  of  formic  aldehyde,  in 
contact  with  platinum  black,  and  as  a  potassium  salt  by  heating 
hydrocyanic  acid  (hydrogen  cyanide)  with  an  alcoholic  solution  of 
potash : 

HCN    +    KOH    +    H20    =    NH3    +    CHO(OK) . 

It  is  also  produced  by  certain  special  reactions — viz.,  a..  By 
passing  carbon  monoxide  over  moist  potassium  hydrate,  the  gas 
being  thereby  absorbed,  and  producing  potassium  formate  : 

CO    +   HOK    =  COH(OK). 

The  absorption  of  the  gas  is  accelerated  by  the  presence  of  a  con- 
siderable quantity  of  water,  and  still  more  by  alcohol  or  ether. 

P.  By  distilling  dry  oxalic  acid  mixed  with  sand  or  pumice- 
stone,  or  better  with  glycerin  : 

C2H204    =    C02    +  CH202. 

The  distillation  of  oxalic  acid  with  glycerin  is  a  very  advan- 
tageous mode  of  preparing  formic  acid.  The  glycerin  takes  no 
part  in  the  decomposition,  but  appears  to  act  by  preventing  the 
temperature  from  rising  too  high:  when  oxalic  acid  is  distilled 
alone  or  with  sand,  the  greater  part  of  the  formic  acid  produced  is 
resolved  into  water  and  carbon  monoxide. 

y.  By  passing  carbon  dioxide  and  water -vapour  over  potassium 
at  a  moderate  heat,  acid  potassium  carbonate,  KHCO„  being 
fprmed  at  the  same  time : 

K2   +   2C02   +   H20    =    KHCO3   +  KOHOa. 

0.  By  the  oxidation  of  sugar,  starch,  gum,  and  organic  substances 
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in  general.  A  convenient  mode  of  preparation  is  the  following: — 
1  part  of  sugar,  3  parts  of  manganese  dioxide,  and  2  parts  of  water, 
are  mixed  in  a  very  capacious  retort,  or  large  metal  still ;  3  parts 
of  oil  of  vitriol,  diluted  with  an  equal  weight  of  water,  are  then 
added,  and  when  the  first  violent  effervescence  from  the  disengage- 
ment of  carbon  dioxide  has  subsided,  heat  is  cautiously  applied, 
and  a  considerahle  quantity  of  liquid  distilled  over.  This  is  very 
impure :  it  contains  a  volatile  oily  matter,  and  some  substance 
which  communicates  a  pungency  not  proper  to  formic  acid  in  that 
dilute  state.  The  acid  liquid  is  neutralised  with  sodium  carbonate, 
and  the  resulting  formate  purified  by  crystallisation,  and,  if  need- 
fid,  by  animal  charcoal.  From  this,  or  any  other  of  its  salts, 
solution  of  formic  acid  may  be  readily  obtained  by  distillation 
with  dilute  sulphuric  acid. 

To  obtain  the  acid  in  its  most  concentrated  state,  the  dilute  acid 
is  saturated  with  lead  oxide,  the  liquid  is  evaporated  to  complete 
dryness,  and  the  dried  lead  formate,  reduced  to  fine  powder,  is 
very  gently  heated  in  a  glass  tube  connected  with  a  condensing 
apparatus,  through  which  a  current  of  dry  sulphuretted  hydrogen 
gas  is  transmitted.  It  forms  a  clear,  colourless  liquid,  which  fumes 
slightly  in  the  air,  has  an  exceedingly  penetrating  odour,  bods  at 
about  100°,*  and  crystallises  in  large  brilliant  plates  when  cooled 
below  0°.  The  specific  gravity  of  the  acid  is  1*235 :  it  mixes 
with  water  in  all  proportions :  the  vapour  is  inflammable,  and 
burns  with  a  blue  flame.  Concentrated  formic  acid  is  extremely 
corrosive,  attaching  the  skin,  and  forming  a  blister  or  an  ulcer, 
painful  and  difficult  to  heal. 

Formic  acid  mixes  with  water  in  all  proportions.  The  aqueous 
acid  has  an  odour  and  taste  much  resembling  those  of  acetic  acid : 
it  reddens  litmus  strongly,  and  decomposes  alkaline  carbonates 
with  effervescence.  Formic  acid  likewise  dissolves  readily  in 
alcohol,  being  partly  converted  into  ethyl  formate. 

Formic  acid  is  a  powerful  reducing  agent.  It  may  be  readily 
distinguished  from  acetic  acid  by  heating  it  with  solution  of  silver 
nitrate;  the  metal  is  thus  reduced,  sometimes  in  the  pulverulent 
state,  sometimes  as  a  specular  coating  on  the  glass  tube,  aud  car- 
bon dioxide  is  evolved.  Mercuric  chloride  is  reduced  by  formic 
acid  to  calomel.  Formic  acid  heated  with  oil  of  vitriol  splits  up 
into  water  and  carbon  monoxide,  CH202  =  H20-4-CO. 

CJilorine  converts  it  into  hydrochloric  acid  and  carbon  dioxide : 

CH202    +    Cl2    =    2HC1    +  C02. 

Formic  acid  heated  with  strong  bases  is  converted  into  oxalic  acid, 
with  disengagement  of  hydrogen,  e.g.: 

2CH202    +    BaO    =    C2Ba04    +    H2    +  H,0. 
Formates. — The  composition  of  these  salts  is  expressed  by  the 
*  At  9S*5°  (Liebig) ;  100°  (Person) ;  1CM°  (Roscoe);  105*5  (Kopn). . 
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formula,  MCHOs,  M"(CH02)2,  M'"(CH02)3,  &c,  according  to 
the  equivalent  value  of  the  metal  or  other  positive  radical  con- 
tained in  them.  They  are  all  soluble  in  water :  their  solutions 
form  dark-red  mixtures  with  ferric  salts.  When  distilled  with 
strong  sulphuric  acid  they  give  off  carbon  monoxide,  and  leave 
a  residue  of  sulphate.  The  formates  of  the  alkali-metals  heated 
with  the  corresponding  salts  of  other  fatty  acids,  yield  a  car- 
bonate and  an  aldehyde  (p.  665). 

Sodium  formate  crystallises  in  rhombic  prisms  containing 
NaCH03 .  aq.  It  reduces  many  metallic  oxides  when  fused  with 
them.  Potassium  formate,  KCH02,  is  difficult  to  crystallise,  on 
account  of  its  great  solubility.  Ammonium  formate  crystallises  in 
square  prisms  :  it  is  very  soluble,  and  is  decomposed  at  high  tem- 
peratures into  hydrocyanic  acid  and  water,  the  elements  of  which 
it  contains:  NH4CH02  =  2H20  +  CNH.  The  formates  of  barium, 
strontium,  ■  calcium,  and  magnesium  form  small,  prismatic,  easily 
soluble  crystals.  Lead  formate  crystallises  in  small,  divergm-i, 
colourless  needles,  which  require  for  solution  40  parts  of  cold 
water.  The  manganous,  ferrous,  zinc,  nickel,  and  cobalt  formates  are 
also  crystallisable.  Cupric  formate  is  very  beautiful,  crystallising 
in  bright  blue  rhombic  prisms  of  considerable  size.  Silver  formate 
is  white,  but  slightly  soluble,  and  decomposed  by  the  least  eleva- 
tion of  temperature. 

Methyl  formate,  CH3.  CH02,  metameric  with  acetic  acid,  is  pre- 
pared by  heating  in  a  retort  equal  weights  of  neutral  methyl  sul- 
phate and  sodium  formate.  It  is  a  very  volatile  liquid,  lighter 
than  water,  boiling  between  36°  and  38°. 

Ethyl  formate,  C2H5.  CH02,  metameric  with  methyl  acetate  and 
propionic  acid  (p.  544),  is  prepared  by  distilling  a  mixture  of 
7  parts  of  dry  sodium  formate,  10  of  oil  of  vitriol,  and  6  of  strong 
alcohol.  The  formic  ether,  separated  by  the  addition  of  water  to 
the  distilled  product,  is  agitated  with  a  little  magnesia,  and  left 
for  several  days  in  contact  with  calcium  chloride.  Ethyl  formate 
is  colourless,  has  an  aromatic  odour,  a  density  of  0-915^  and  boils 
at  56°.    Water  dissolves  it  to  a  small  extent. 


Acetic  Acid,  C2H402  =  C2H30(OH),  or  COCH3(OH)  = 


juices  oi  plants  and  in  animal  fluids.  It  may  be  produced  by 
":r  the  five  general  methods  of  formation  given  on  page's 
I,  664,  and  in  particular  by  the  slow  oxidation  of  alcohol, 
leu  spirit  of  wine  is  dropped  upon  platinum  black,  I  lie  oxygen 
densed  in  the  pores  of  the  latter  reacts  so  powerfully  upon  the 
»hol  as  to  cause  its  instant  inflammation.  When  the  spirit  is 
red  with  a.  little  water,  and  slowly  dropped  upon  the  finely 
idea  metal,  oxidation  still  takes  place,  but  willi  less  energy, 
I  vapour  of  acetic  acid  is  abundantly  evolved.    In  nil  these 
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modes  of  formation,  the  acetic  acid  is  ultimately  producible  from 
inorganic  materials.  It  is  also  formed  by  the  action  of  nascent 
hydrogen  on  trichloracetic  acid,  which  may  itself  be  produced 
from  inorganic  materials.  Lastly,  acetic  acid  is  obtained,  together 
with  many  other  products,  in  the  destructive  distillation  of  wood 
and  other  vegetable  substances. 

Preparation. — 1.  Dilute  alcohol,  mixed  with  a  little  yeast,  or 
almost  any  azotised  organic  matter  susceptible  of  putrefaction, 
and  exposed  to  the  air,  speedily  becomes  oxidised  to  acetic  acid. 
Acetic  acid  is  thus  manufactured  in  Germany,  by  suffering  such  a 
mixture  to  flow  over  wood-shavings  steeped  in  a  little  vinegar, 
contained  in  a  large  cylindrical  vessel  through  which  a  current  of 
air  is  made  to  pass.  The  greatly  extended  surface  of  the  liquid 
expedites  the  change,  which  is  completed  in  a  few  hours.  No 
carbonic  acid  is  produced  in  this  reaction. 

The  best  vinegar  is  made  from  wine  by  spontaneous  acidification 
in  a  partially  filled  cask  to  which  the  air  has  access.  Vinegar  is 
first  introduced  into  the  empty  vessel,  and  a  quantity  of  wine 
added ;  after  some  days,  a  second  portion  of  wine  is  poured  in,  and 
after  similar  intervals,  a  third  and  a  fourth.  When  the  whole  has 
become  vinegar,  a  quantity  is  drawn  off  equal  to  that  of  the  wine 
employed,  and  the  process  is  recommenced.  The  temperature  of 
the  biulding  is  kept  up  to  30°.  Such  is  the  plan  adopted  at 
Orleans.  In  England  vinegar  is  prepared  from  a  kind  of  beer 
made  for  the  purpose.  The  liquor  is  exposed  to  the  air  in  half- 
empty  casks,  loosely  stopped,  until  acidification  is  complete.  Fre- 
quently a  little  sulphuric  acid  is  afterwards  added,  with  the  view 
of  checking  further  decomposition,  or  mothering,  by  which  the 
product  would  be  spoiled. 

When  dry,  hard  wood,  as  oak  and  beech,  is  subjected  to  destruc- 
tive distillation  at  a  red  heat,  acetic  acid  is  found  among  the  liquid 
condensable  products  of  the  operation.  The  distillation  is  con- 
ducted in  an  iron  cylinder  of  large  dimensions,  to  which  a  worm 
or  condenser  is  attached ;  a  sour  watery  liquid,  a  quantity  of  tar, 
and  much  inflammable  gas  pass  over,  while  charcoal  of  excellent 
quantity  remains  in  the  retort.  The  acid  liquid  is  subjected  to 
distillation,  the  first  portion  being  collected  apart  for  the  prepara- 
tion of  wood-spirit.  The  remainder  is  saturated  with  lime,  con- 
centrated by  evaporation,  and  mixed  with  the  solution  of  sodium 
sulphate ;  calcium  sulphate  is  thereby  precipitated,  while  the  acetic 
acid  is  transferred  to  the  soda.  The  filtered  solution  is  evaporated 
to  its  crystallising  point ;  and  the  crystals  are  drained  as  much  as 
possible  from  the  dark,  tarry  mother-liquor,  and  deprived  by  heat 
of  their  combined  water.  The  dry  salt  is  then  cautiously  fused, 
by  which  the  last  portions  of  tar  are  decomposed  or  expelled :  it  is 
then  re-dissolved  in  water,  and  recrystallised.  Pure  sodium  acetate, 
thus  obtained,  readily  yields  acetic  acid  by  distillation  with  sul- 
phuric acid. 
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The  strongest  acetic  acid  is  prepared,  by  distilling  finely  powdered 
anhydrous  sodium  acetate  with  three  times  its  weight  ol  concen- 
trated oil  of  vitriol.  The  liquid  is  purified  by  rectification  from 
sodium  sulphate  accidentally  thrown  up,  and  exposed  to  a  low 
temperature.  Crystals  of  pure  acetic  acid,  C2H402,  then  form  in 
large  quantity :  they  may  be  drained  from  the  weaker  fluid  por- 
tion, and  suffered  to  melt.  Below  15'5°  this  substance,  often  called 
glacial  acetic  acid,  forms  large,  colourless,  transparent  crystals, 
which  above  that  temperature  fuse  to  a  thin,  colourless  liquid,  of 
exceedingly  pungent  and  well-known  odour;  it  raises  blisters  on 
the  skin.  It  is  miscible  in  all  proportions  with  water,  alcohol, 
and  ether,  and  dissolves  camphor  and  several  resins.  When  diluted 
it  has  a  pleasant  acid  taste.  Glacial  acetic  acid  in  the  liquid  state 
has  a  density  of  1-063,  and  boils  at  120°.  Its  vapour  is  inflam- 
mable, and  exhibits  the  variations  of  density  noticed  at  page  240. 
At  300°,  or  above,  it  is  2'08  compared  with  air,  or  30°  compared 
with  hydrogen,  agreeing  exactly  with  the  theoretical  density, 
which  is  half  the  molecular  weight ;  but  at  temperatures  near  the 
boiling  point  it  is  considerably  greater,  being  2"90  at  140°,  and 
3-20  at  125°  (referred  to  air'). 

Dilute  acetic  acid,  or  distilled  vinegar,  used  in  jmarmacy,  should 
always  be  carefully  examined  for  copper  and  lead :  these  impuri- 
ties are  contracted  from  the  metallic  vessel  or  condenser  sometimes 
employed  in  the  process.  The  strength  of  any  sample  of  acetic 
acid  cannot  be  safely  inferred  from  its  density,  but  it  is  easily 
determined  by  observing  the  quantity  of  dry  sodium  carbonate 
necessary  to  saturate  a  known  weight  of  the  liquid. 

Acetic  acid  exhibits  all  the  reactions  of  the  fatty  acids  in  general 
(pp.  664-668).  The  acid  itself  does  not  readily  conduct  the  elec- 
tric current,  but  a  solution  of  potassium  acetate  is  decomposed  by 
electrolysis,  with  formation  of  dimethyl  or  ethane  and  potassium 
carbonate : 

2(CH3.COOK)  +  H20  =  C2He  +  H2  +  C02  +  CO(OK)2. 

Acetic  acid  is  not  attacked  by  nitric  acid,  but  periodic  acid  con- 
verts it  by  oxidation  into  formic  acid  and  carbon  dioxide,  being 
itself  reduced  to  iodic  acid  or  even  to  free  iodine : 

C2H402   +    03    =    CH202   +    002   +  H20. 

Potassium  acetate  distilled  with  arsenious  oxide  gives  off  a  highly 
inflammable  and  characteristically  fetid  oil,  consisting  chieliy  of 
arsendimethyl  or  cacodyl,  As2(CH3).i. 

Acetates.— Acetic  acid  forms  a  large  number  of  highly  import- 
5'™>  represented  by  the  formulas,  MC2H302,  M"(C2H302),  or 
.  (  ::fI.:°j);>  according  to  the  equivalent  value  of  the  metals  con- 
m  them.    Being  a  monobasic  acid,  it  cannot  form  any  acid 
salts  properly  so  called,  that  is,  by  replacement  of  a  part  of  its 
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typic  hydrogen  (p.  307) ;  but  the  normal  acetates  of  the  alkali- 
metals  can  take  up  a  molecule  of  acetic  acid,  just  as  they  take  up 
water  of  crystallisation,  forming  salts  called  acid  acetates  or 
diacetates,  MC2H302.C2H402.  There  are  also  basic  acetates, 
formed  by  the  union  of  a  molecule  of  a  normal  acetate  with  a 
molecule  of  metallic  oxide  or  hydrate. 

Potassium  Acetates. — The  normal  salt,  KC2H302,  crystallises 
with  great  difficulty :  it  is  generally  met  with  as  a  foliated,  white, 
crystalline  mass,  obtained  by  neutralising  potassium  carbonate 
with  acetic  acid,  evaporating  to  dryness,  and  heating  the  salt  to 
fusion.  It  is  extremely  deliquescent,  and  soluble  in  water  and 
alcohol :  the  solution  is  usually  alkaline,  from  a  little  loss  of  acid 
by  the  heat  to  which  it  has  been  subjected.  From  the  alcoholic 
solution,  potassium  carbonate  is  thrown  down  by  a  stream  of  carbon 
dioxide. 

The  acid  salt,  KC2H302.C2H402,  is  formed  by  evaporating  a 
solution  of  the  neutral  salt  in  excess  of  acetic  acid,  and  crystallises 
by  slow  evaporation  in  long  flattened  prisms.  It  is  very  deliques- 
cent, and  decomposes  at  200°,  giving  off  crystallisable  acetic  acid. 

Sodium  Acetate,  NaC2H302. 3  aq.— The  mode  of  preparation 
of  this  salt  on  the  large  scale  has  been  already  described :  it  forms 
large,  transparent,  colourless  crystals,  derived  from  a  rhombic 
prism,  which  are  easily  rendered  anhydrous  by  heat,  effloresce  in 
dry  air,  and  dissolve  in  3  parts  of  cold,  and  in  an  equal  weight  of 
hot  water :  it  is  also  soluble  in  alcohol.  The  taste  of  this  salt  is 
cooling  and  saline.  The  dry  salt  melts  at  288°,  and  begins  to 
decompose  at  315°. 

Ammonium  Acetates.— The  neutral  acetate,  NH4C2H302,  is  a 
white  odourless  salt,  obtained  by  saturating  glacial  acetic  acid  with 
dry  ammonia  gas.  It  is  very  difficult  to  obtain  in  the  crystal  line 
form,  for  its  aqueous  solution  when  evaporated,  gives  off  ammonia, 
and  leaves  the  acid  salt.  When  distilled  with  phosphoric  oxide, 
it  loses  2  molecules  of  water,  and  gives  off  ethenyl  nitrile  or  acetoni- 
trile,(C2H3)"'N  =  NH4C2H302-  2H20.  The  aqueous  solution,  known 
in  the  Pharmacopoeia  as  Spiritus  Mindereri,  is  prepared  by  satu- 
rating aqueous  acetic  acid  with  ammonia  or  ammoniuin  carbonate. 

The  acid  salt,  NH4C2H302.C2H402,  is  obtained  as  a  crystalline 
sublimate  by  heating  powdered  sal-ammoniac  with  potassium  or 
calcium  acetate,  ammonia  being  given  off  at  the  same  time  ;  also 
as  a  radiated  crystalline  mass  by  evaporating  the  aqueous  solution 
of  the  neutral  salt. 

The  acetates  of  barium,  strontium,  and  calcium,  are  very  soluble, 
and  can  be  procured  in  crystals;  magnesium  acetate  crystallises 
with  difficulty. 

Aluminium  Acetate. — This  salt  is  very  soluble  in  water,  and 
dries  up  in  the  vacuum  of  the  air-pump  to  a  gummy  mass  with- 
out trace  of  crystallisation.    If  foreign  salts  are  present,  the  solu- 


ACETATES. 


675 


fcion  oi'  the  acetate  becomes  turbid  on  beating,  from  tbe  separation 
of  a  basic  compound,  which  redisaolves  as  tbe  liquid  cools. 
Aluminium  acetate  is  much  employed  in  calico  printing:  it  is 
prepared  by  mixing  solutions  of  lead  acetate  and  alum,  and  filter- 
ing from  the  insoluble  lead  sulphate.  The  liquid  is  thickened 
with  gum  or  other  suitable  material,  and  with  it  the  design  is 
impressed  upon  the  cloth  by  a  wood-block,  or  by  other  means. 
Exposure  to  a  moderate  degree  of  heat  drives  off  the  acetic  acid, 
and  leaves  the  aliunina  in  a  state  capable  of  entering  into  combi- 
nation with  the  dye-stuff. 

Some  very  interesting  researches  on  aluminium  acetate  have  been 
published  by  the  late  Mr  Walter  drum*  The  solution  obtained  by 
decomposing  aluminium  sulphate,  A19(S04)3,  with  lead  acetate  may 
be  supposed  to  contain  neutral  aluminium  acetate,  (Al3)vi(C2H302)e, 
orALjCVjC^HgC^.  This  salt  cannot,  however,  be  obtained  in  the 
dry  state.  If  the  solution  be  rapidly  evaporated  at  low  temper- 
atures, by  being  spread  in  thin  layers  on  glass  or  porcelain,  a 
basic  soluble  acetate  is  obtained,  having  the  composition  AL03. 
2C4Hfl03  +  4  aq. ;  but  if  the  solution  be  left  to  stand  in  the  cold, 
or  submitted  to  the  action  of  heat,  insoluble  basic  salts  are  pre- 
cipitated, differing  in  composition  from  the  former  by  containing 
m  the  first  case  five,  and  in  the  second  two,  molecules  of  water 
instead  of  four. 

The  soluble  aluminium  acetate,  when  exposed  in  a  dilute 
solution  to  the  temperature  of  boiling  water  for  several  days, 
undergoes  a  very  remarkable  change,  the  whole,  or  nearly  the' 
whole,  of  the  acetic  acic  being  expelled  by  the  action  of  heat,  and 
a  peculiar  soluble  modification  of  alumina  (already  described 
under  Aluminium,  p.  372),  remaining  in  solution. 

Manganese  acetate  forms  colourless,"'  rhombic,  prismatic  crystals, 
permanent  in  the  air.  Ferrous  acetate  crystallises  in  small,  greenish- 
wiute  needles,  very  prone  to  oxidation ;  both  salts  dissolve  freely 
in  water.  Ferric  acetate  is  a  dark  brownish-red,  uncrystaUisable 
Hqmd,  oi  powerful  astringent  taste.  Cobalt  acetate  forms  a  violet- 
coloured,  crystalline,  deliquescent  mass.  The  nickel  salt  separates 
in  green  crystals,  which  dissolve  in  6  parts  of  water. 

Lead  Acetates.— The  normal  salt,  Pb"(C2H,0„)2.3  aq.,  is  pre- 
pared o„  a  large  scale  by  dissolving  litharge  in  acetic  acid  ;  it  may 
»  obtained  m  colourless,  transparent,  prismatic  crystals,  but  is 
?enerally  met  with  in  commerce  as  a  confusedly  crystalline  mass, 
^mewhat  resembling  loaf-sugar.  From  this  circumstance  and 
"""  lte  sweet  taste,  it  is  often  railed  sugar  of  lead.  The  crystals 
we  soluble  m  about  14  parts  of  cold  water,  effloresce  in  dry  air, 
»nci  men  u  i,,.,,  „ently  h(,.|M  jn  fc]ieir  water  rf crystamsation.the 

,  ,.'r  18  e?sl1/  driven  off,  and  tbe  anhydrous  salt  obtained,  which 
meits,  and  afterwards  decomposes,  at  a  high  temperature.  Acetate 
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of  lead  is  soluble  in  alcohol.  The  aqueous  solution  has  an  intensely 
sweet,  and  at  the  same  time,  astringent  taste,  and  is  not  precipi- 
tated by  ammonia.    It  is  an  article  of  great  value  to  the  chemist. 

Basic  Acetates  (Subacetates)  of  Lead.— A  sesquibasic  ace- 
tate, 2Pb'/(C2H302)2.  Pb"0,  is  produced  when  the  neutral  anhydrous 
salt  is  so  far  decomposed  by  heat  as  to  become  converted  into  a 
porous  white  mass,  decomposable  only  at  a  much  higher  tempera- 
ture. It  is  soluble  in  water,  and  separates  from  the  solution 
evaporated  to  a  syrupy  consistence  in  the  form  of  crystalline 
scales.  A  trvplumhic  acetate,  Pb"(C2H302)2.2Pb"0,  is  obtained  by 
digesting  at  a  moderate  heat,  7  parts  of  finely  powdered  litharge, 
6  parts  of  lead  acetate,  and  30  parts  of  water ;  or,  by  mixing  a  cold 
saturated  solution  of  neutral  lead  acetate  with  a  fifth  of  its  volume 
of  caustic  ammonia,  and  leaving  the  whole  for  some  time  in  a 
covered  vessel  The  salt  separates  in  minute  needles  containing  one 
molecule  of  water.  The  solution  of  basic  acetate  prepared  by  the 
first  method  is  known  in  pharmacy  under  the  name  of  Goulard  water. 
There  is  also  a  sexplumbic  acetate,  Pb"(C2H302)2.5Pb"0,  formed 
by  adding  a  great  excess  of  ammonia  to  a  solution  of  normal  lead 
acetate,  or  by  digesting  the  normal  salt  with  a  large  quantity  of 
oxide.  It  is  a  white,  slightly  crystalline  substance,  insoluble  in 
cold,  and  but  little  soluble  in' boiling  water.  The  solutions  of  the 
basic  lead  acetates  have  a  strong  alkaline  reaction,  and  absorb 
carbonic  acid  with  the  greatest  avidity,  becoming  turbid  from 
precipitation  of  basic  carbonate. 

Cupric  Acetates. — The  normal  acetate,  Cu"(C2H302)2-faq.,  is 
prepared  by  dissolving  verdigris  in  hot  acetic  acid,  and  leaving  the 
filtered  solution  to  cool.  It  forms  beautiful  dark  green  crystals, 
which  dissolve  in  14  parts  of  cold  and  5  parts  of  boiling  water, 
and  are  also  soluble  in  alcohol.  A  solution  of  this  salt,  mixed 
with  sugar  and  heated,  yields  cupric  oxide  in  the  form  of  minute 
red  octohedral  crvstals :  the  residual  copper  solution  is  not  pre- 
cipitated by  an  alkali.  Cupric  acetate  yields,  by  destructive 
distillation,  strong  acetic  acid  containing  acetone  and  contaminated 
with  copper.  The  salt  is  sometimes  called  distilled  verdigris,  and 
is  used  as  a  pigment. 

Basic  Cupric  Acetates.  —  Common  verdigris,  made  by 
spreading  the  marc  of  grapes  upon  plates  of  copper  exposed  to  the 
air  for  several  weeks,  or  by  substituting,  with  the  same  new, 
pieces  of  cloth  dipped  in  crude  acetic  acid,  is  a  mixture  of  several 
basic  cupric  acetates  which  have  a  green  or  blue  colour.  One  ol 
these,  2Cu"(C2H302)2.CuO  +  6  aq.,  is  obtained  by  digesting  the 
powdered  verdigris  in  warm  water,  and  leaving  the  soluble  pail 
to  spontaneous  evaporation.  It  forms  a  blue,  crystalline  mass, 
but  little  soluble  in  cold  water.  When  boiled,  it  deposits  a  brown 
powder,  which  is  a  subsalt  with  large  excess  of  base.  The  green  in- 
soluble residue  of  the  verdigris  contains  Cu(C2H302)2. 2CuO+3aq.  i 
it  may  be  formed  by  digesting  normal  cupric  acetate  with  the 
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hydrated  oxide.  By  ebullition  with  water  it  is  resolved  into 
normal  acetate  and  the  brown  basic  salt. 

Silver  Acetate,  AgC2H302,  is  obtained  by  mixing  potassium 
acetate  with  silver  nitrate,  and  washing  the  precipitate  with  cold 
water  to  remove  the  potassium  nitrate.  It  crystallises  from  a 
warm  solution  in  small  colourless  needles,  which  have  but  little 
solubility  in  the  cold. 

Mercurous  acetate  forms  small  scaly  crystals,  which  are  as  feebly 
soluble  as  those  of  acetate  of  silver.  Mercuric  acetate  dissolves 
with  facility. 

Methyl  Acetate,  CH3.C2H302  occurs  in  crude  wood-spirit. 
It  is  prepared  by  distilling  2  parts  of  methyl  alcohol  with  1  part 
of  glacial  acetic  acid  and  1  part  of  sulphuric  acid,  or  1  part  of 
methyl  alcohol  with  1  part  of  potassium  acetate  and  2  parts  of 
sulphuric  acid.  When  purified  by  rectification  over  calcium 
chloride  and  quick-lime,  it  forms  a  colourless  fragrant  liquid,  of 
sp.  gr.  0-9562  at  0°,  boiling  at  55°  or  56°.  It  dissolves  in  water, 
and  mixes  in  all  proportions  with  alcohol  and  ether. 

Ethyl  Acetate,  C2H5.C2H302,  may  be  prepared  by  heating  to- 
gether in  a  retort,  3  parts  of  potassium  acetate,  3  parts  of  strong 
alcohol,  and  2  parts  of  oil  of  vitriol.  The  distilled  product  is 
mixed  with  water,  to  separate  the  alcohol,  digested  first  with  a 
little  chalk,  and  afterwards  with  fused  calcium  chloride,  and, 
lastly,  rectified.  The  pure  ether  is  an  exceedingly  fragrant 
limpid  liquid  :  it  has  a  density  of  (V890,  and  boils  at  73'8°. 
Alkalis  decompose  it  in  the  manner  already  mentioned  (p.  667). 
When  treated  with  ammonia,  it  yields  acetamide,  NH2C2H30. 

Heated  with  sodium,  it  yields  sodium  ethylate  and'the  sodium- 
salt  of  an  acid  containing  C9Hj0O3 : 

4Na  +  3(Cft.CftO,)  =  3NaOC,HB  +  NaC9H903. 
A  little  secondary  action,  however,  takes  place  between  the 
sodium  ethylate  and  the' excess  of  acetic  ether,  resulting  in  the 

formation  of  ethylene-sodium  acetate,  C2H4  j  ^  Q  ,  and  alcohol: 

§aOC,Hs  +  C2H5.C2H302  -  CftJ'J^    +  H0C2Hs; 

and  the  sodium  acting  on  the  alcohol  thus  produced,  gives  rise  1o 
disengagement  of  hydrogen. 

Amyl  Acetate,  CfiHuC,H302,  prepared  in  a  similar  manner, 
boua  at  140°.  It  possesses  in  a  "remarkable  manner  the  odour  of 
the  Jargonelle  pear,  and  is  now  manufactured  on  a  large  scale  for 
flavouring  liquors  and  confectionery. 

Ethene  Acetates. — These  compounds  may  be  derived  from 
ethene  alcohol  (glycol)  by  substitution  of  one  or  two  equivalents 

of  acetyl  for  hydrogen.    The  monacetate,  (C2H,)"  j  QC  H  0  ia 
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produced  by  heating  ethene  dibroinide  with  an  alcoholic  solution 
of  potassimn  acetate.  The  product  is  distilled,  the  portion  com- 
ing over  at  182°  being  kept  separate.  It  is  a  colourless,  oily 
liquid,  miscible  in  every  proportion  with  water  or  alcohol.  Hy- 
drochloric acid  gas  passed  into  ethene  monacetate  converts  it  into 


ethene  acetochloride,   or  glycolic  chloracetin,  C'2H;i 


which  is  precipitated,  on  addition  of  water,  as  an  oily  liquid 
boiling  at  145°.  Treatment  with  potash  decomposes  it  into 
ethene  oxide,  potassium  acetate,  and  potassium  chloride. 


Ethene  diacetate,  C2H4  <  op2H3f)  *s  PrePare^       digesting  a 


mixture  of  ethene  dibromide,  silver  acetate,  and  glacial  acetic 
acid  in  the  water-bath,  and  exhausting  the  digested  mass  with 
ether.  On  distilling  the  ethereal  solution,  the  ether  first  passes 
over,  then  the  acetic  acid,  and  lastly,  when  the  temperature  has 
reached  187°,  ethene  diacetate.  It  is  a  colourless,  neutral  liquid, 
of  sp.  gr.  1128,  at  0°  -r  soluble  in  7  parts  of  water  and  in  even- 
proportion  in  alcohol  and  ether.  By  distillation  with  potash  it 
yields  ethene  alcohol,  or  glycol,  C2H4(HO)2  (p.  615). 

Propenyl  or  Glyceryl  Acetates;  Acetins. — These  ethers 
are  derived  from  propenyl  alcohol  (glycerin)  by  substitution  of 
1,  2,  or  3  equivalents  of  acetyl  for  hydrogen.  The  formula  of 
glycerin  being  (C3H5)'"(OH)3,  those  of  the  three  acetins  are : 


Monoaeetin,  (C3H.)"/(OH),(OC.)H30) 

Diacetin,  (03H6)'"(OH)(OC9H30)., 

Triacetin,       ....  (C3H^"'(OaH30)3 


They  are  oily  liquids,  produced  by  heating  glycerin  and  acei  it- 
acid  together,  in  various  proportions,  in  sealed  tubes. 

Acetic  Chloride  or  Acetyl  Chloride,  CoH3OCl. 
— This  compound,  which  has  the  constitution  of  acetic  acid  with 
chlorine  substituted  for  hydroxyl,  is  produced,  as  already  observed 
(p.  666),  by  the  action  of  phosphorus  trichloride,  pentachloride.  or 
oxychloride  on  glacial  acetic  acid.  The  product  heated  with 
water  and  dilute  soda-solution,  to  remove  phosphorus  oxychloride 
and  hydrochloric  acid,  and  then  rectified,  yields  acetic  chloride  as 
a  colourless  liquid,  having  a  suffocating  odour,  and  emitting  dense 
fumes  of  hydrochloric  acid  in  contact  with  the  air.  It  is  heavier 
than  water,  boils  at  55°,  and  is  decomposed  by  water  and  alkaline 
solutions,  yielding  hydrochloric  and  acetic  acids. 

Acetic  Oxide  or  Anhydride,  C4H0O3 = (C,H30)._,0,  some- 
times called  Anhydrous  Acetic  acid. — This  compound  is  obtained  : 

1.  By  the  action  of  acetyl  chloride  on  potassium  or  sodiuni 
acetate : 


C2H30(0Na)   +   C2H30C1   =   NaCl  +  (C2H30),0. 


it 
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2.  By  heating  sodium  acetate  with  benzoyl  chloride,  C7H.-OCl, 
whereby  benzo-aeetic  oxide,  (02H30)(C7H,0)0,  is  formed  in  the 
first  instance,  and  subsequently  resolved  into  acetic  and  benzoic 
oxides,  the  former  distilling  over,  while  the  latter  remains : 

C,H30(ONa)   +   C7HfiOCl   =   NaCl  +  ^gag  J  0 

and: 

2C7H$j0  (C2H30)20      +  (C7H.O)20. 

Acetic  oxide  is  a  heavy  oil  which  dissolves  slowly  in  water, 
being  gradually  converted  into  acetic  acid : 

(C2H30)20      +      H20       =  20^0(011). 

Acids  derived  from  Acetic  Acid  by  substitution. 

Chloracetic  Acids.— The  three  acids,  C2H3C102,  C2H2C120, 
and  C2HC1302,  are  produced  by  the  action  of  chlorine  on  acetic 
acid  in  sunshine ;  the  second,  however,  is  formed  in  small  quantity 
only,  the  first  or  the  third  being  produced  in  greatest  abundance 
according  as  the  acetic  acid  or  the  chlorine  is  in  excess. 

Monochlor acetic  acid,  CH2C1.C00H,  is  produced,  accord- 
ing to  R.  Hoffmann,  by  the  action  of  chlorine  on  boiling  glacial 
acetic  acid  in  sunlight.  Dr  H.  Muller  finds  that  the  formation  of 
monochloracetic  acid  is  facilitated  by  dissolving  a  little  iodine  in 
the  hydrated  acetic  acid,  and  passing  a  stream  of  chlorine  through 
the  boiling  solution.  On  submitting  the  products  of  this  reaction 
to  repeated  distillation,  monochloracetic  acid  is  obtained  as  a 
liquid,  boiling  at  186°,  and  solidifying  to  a  crystalline  mass,  which 
melts  at  64°,  and  dissolves  with  facility  in  water.  Heated  with 
potash,  it  is  converted  into  potassium  glycollate,  KC„H303  (p.  668) : 

C2H3C102  +  2KH0  =  KC1  +  KC2H303  +  H20. 

D  ichlor  acetic  acid,  CHC12.C00H,  is  produced,  together  with 
the  preceding  compound,  by  the  action  of  chlorine  and  iodine  on 
boiling  acetic  acid,  and  is  found  in  the  portion  of  the  product 
which  boils  above  188°.  According  to  Maumene,  it  may  be 
obtained  by  exposing  monochloracetic  acid  in  large  flasks  to  the 
action  of  dry  chlorine  {5  atoms  of  chlorine  to  3  molecules  of 
chloracetic  acid)  for  twenty-four  hours,  warming  the  product  to 
expel  hydrochloric  acid,  and  then  distilling.  At  ordinary  tem- 
geraturea  it  is  a  liquid  having  a  specific  gravity  of  1-5216  at  15°, 
and  boiling  at  105°.  According  to  Muller,  it  remains  liquid  when 
EOoled  ;  but  according  to  Maumene,  it  crystallises  in  rhombohedial 
plates.  It  forms  a  soluble  silver  salt,  AgC2HCl20«,  which  is 
decomposed  when  its  solution  is  healed  with  silver  oxide  to  75°  or 
80  ,  giving  off  a  mixture  of  carbon  monoxide  and  dioxide  ; 

|A.gC3HCI202 + 3 Ag20  =  200  +  200,  +  -J  AgCl  +  2  Ag.,  + 1  ls0 . 
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Trichloracetic  acid,  CCl3.COOH. — Discovered  by  Dumas. 
When  a  small  quantity  of  crystallisable  acetic  acid  is  introduced 
into  a  bottle  of  dry  chlorine  gas.  and  the  whole  exposed  to  the 
direct  solar  rays  for  several  hours,  the  interior  of  the  vessel  is 
found  coated  with  a  white  crystalline  substance,  which  is  a  mix- 
ture of  trichloracetic  acid  with  a  small  quantity  of  oxalic  acid. 
The  chloroform  is  conveited,  by  the  further  action  of  the  chlorine, 
into  carbon  tetrachloride,  CC14. 

Trichloracetic  acid  may  also  be  produced  synthetically,  viz.,  by 
the  action  of  chlorine  and  water  on  carbon  di chloride,  C2C14,  this 
compound  first  taking  up  2  atoms  of  chlorine  and  forming  carbou 
trichloride,  C2Clfi,  and  the  latter  being  converted  by  the  water  into 
hydrochloric  and  trichloracetic  acids : 

C2Clfi     +     2H20     =     3HC1     +  C2HC1302. 

Trichloracetic  acid  is  a  colourless  and  extremely  deliquescent 
substance  :  it  has  a  faint  odour,  and  sharp  caustic  taste,  bleaching 
the  tongue  and  destroying  the  skin ;  the  solution  is  powerfully 
acid.  At  46°  it  melts  to  a  clear  liquid,  and  at  199°  boils  and  dis- 
tils unchanged.  The  density  of  the  fused  acid  is  1*617 ;  that  of 
the  vapour,  which  is  very  irritating,  is  probably  5-6. 

The  trichloracetates  are  analogous  to  the  acetates.  The  potas- 
sium-salt, 2KC2Cl302.aq.,  crystallises  in  fibrous  silky  needles,  per- 
manent in  the  air.  The  ammonium- salt,  2(NH4)C2Cl302-f-5aq.,  is 
also  crystallisable  and  neutral.  The  silver-salt,  AgC,Cl302,  is 
soluble,  and  crystallises  in  small,  o^eyish  scales,  easily  altered  bv 
light. 

Trichloracetic  acid  boiled  with  excess  of  ammonia  yields  ammo- 
nium carbonate  and  chloroform : 

C2HC1302  +  2NH3  +  H20  =  (NH4)2C03  +  CHC13. 

With  caustic  potash,  it  yields  a  smaller  quantity  of  chloroform, 
together  with  potassium  chloride,  carbonate,  and  formate.  The 
chloride  and  formate  are  secondary  products  of  the  reaction  of -the 
alkali  upon  the  chloroform. 

Nascent  hydrogen  reduces  trichloracetic  to  acetic  acid.  When 
potassium  or  sodium  amalgam  is  put  into  a  strong  aqueoits  solu- 
tion of  trichloracetic  acid,  the  temperature  of  the  liquid  rises, 
without  disengagement  of  gas,  and  the  solution  is  found  to  contain 
acetate  and  chloride  of  potassium  or  sodium,  together  with  caustic 
alkali. 

Bromacetic  Acids.— Monobromacetic  acid,  CH2Br.COOH,  dis- 
covered by  Perkin  and  Duppa,  is  analogous  in  every  respect  to 
monochloracetic  acid.  It  is  formed  by  acting  with  bromine  on 
glacial  acetic  acid  in  sealed  tubes  at  a  temperature  above  thai  <>t 
boiling  water.  Ammonia  converts  it  into  glycocine,  C2H5NOs 
(p.  681). 

Dibromacetic  acid,  CHBr2.COOH,  is  obtained  by  the  further 
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fiction  of  bromine  upon  bromacetic  acid.  It  is  a  liquid  boiling  at 
240°;  heated  with  silver  oxide  and  water,  it  is  decomposed  into 
silver  bromide  and  bromogly collie  acid  : 

2C2H2Br202  +  Ag20  +  H20  =  2AgBr  +  2C2H3Br03. 

Ethyl  dibromacetate,  C2H5C2HBr302,  produced  by  beating  an 
alcoholic  solution  of  the"  acid  in  a  sealed  tube,  is  an  oily  liquid, 
w  hich  is  decomposed  by  ammonia,  yielding  alcohol  and  dibrom- 
acetamide : 

C2H3.C2HBr202  +  NH3  =  C2H.OH  +  NH2C2HBr20. 

Iodacetic  Acid,  C2H3I02,  and  Di-iodacetic  Acid,  C2H2I202, 
have  likewise  been  obtained. 

CH3 

Thiacetic  Acid,  C9H40S,  or  CrL.COSH,  or 

0=C-SH. 

This  acid,  discovered  hy  Kekule,  is  formed  by  the  action  of  phos- 
phorus pentasidphide  on  glacial  acetic  acid : 

5C2H30(OH)    +    P2S5    =    P205    +  5C2H30(SH). 

Thiacetic  acid  is  a  colourless  Liquid,  boiling  at  93° ;  it  smells 
like  acetic  acid  and  hydrogen  sulphide.  With  solution  of  lead 
acetate,  it  forms  a  crystalline  precipitate  containing  Pb"(C2H30)2S.,, 

Amidacetic  Acid,  or  Glycocine,  C2H5N02,  or  C2H3(NH2)02, 
is  formed  by  the  action  of  ammonia  on  bromacetic  or  chloracetic 
acid : 

C2H3C102    +    2NH3    =    NH4C1    +  C2H3(NH2)02; 

also  by  the  action  of  acids  or  alkalis  upon  animal  substances,  such 
as  glue,  hippuric  acid,  glycocholic  acid,  &c.  From  hippuric  acid  it 
is  formed,  together  with  benzoic  acid,  according  to  the  equation : 

C0H9NO3    +    H20    =    C2IT0NO2    +  C7H0O2. 

Glycocine  forms  hard  transparent  crystals,  easily  soluble  in 
water,  nearly  insoluble  in  alcohol  and  ether.  It  combines  with 
acids  in  different  proportions.  With  sulphuric  acid  it  forms  the 
'  'impound  (C2H5N02)2S04H2 ;  and  on  addition  of  alcohol  to  a 
Bolution  of  this  sulphate,  a  salt  crystallising  in  rectangular  prisms 
is  deposited,  containing  3C2HSN02.  S04H2.  Glycocine  also  forms 
saline  compounds  by  substitution  of  metal  for  bydrogen;  for 
example,  C4H8Cu''N20,.H20,  and  C2H}AgN02;  it  also  combines 
with  metallic  salts,  forming  crystalline  compounds,  such  as 
C2H.N02.NO?K,  and  C2H5N02.NO3Ag. 

mtrous  "fill  ronverts  glycocine  into  glycollic  or  oxyacctic  acid  : 

f,H3(NH,)02  +  NO(OH)  m  C2H3(OH)02  +  HsO  +  N2. 
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Methyl-glycocine,  or  Sarcosine,  C3H7N02,  or  C2H4(CH3)N02, 
isomeric  with  alanine  (p.  683),  is  produced  by  digesting  ethyl 
chloracetate  with  an  excess  of  a  concentrated  aqueous  solution  ofi 
methylaniine : 

C2H9(C2H5)C109  +  NH2CH3  +  H90  =  C2H9(CH3)(NH2)09  + 
HOI  +  C2H5(OH) . 

The  same  compound  is  formed  "by  boiling  creatine*  with  baryta- 
water.  The  creatine  splits  into  sarcosine  and  urea,  the  latter 
being  further  decomposed  into  ammonia  and  carbonic  acid.  Sar- 
cosine crystallises  in  colourless  rhombic  prisms,  easily  solul  >le  in 
water ;  it  is  difficultly  soluble  in  alcohol,  insoluble  in  ether,  and 
has  no  action  upon  vegetable  colours.  It  combines  with  acids,  form- 
ing soluble  salts,  which  have  an  acid  reaction.  The  double  salt  of 
sarcosine  with  platinmn  tetrachloride  crystallises  in  large  yellow 
octahedrons  having  the  composition  2C3H7N02. 2HC1.  PtCl4-f  2  aq. 

C2H3 

Propionic  Acid,  C3H609  =  C3H50(OH)  =  |  .—This 

COOH 

acid  is  produced:  1.  As  a  potassium-salt,  by  the  combination 
of  carbon  dioxide  with  potassium  -  ethyl :  C02  +  C2H.K  = 
CO(C2H6)OK.  2.  By  the  action  of  acids  or  alkalis  on  "ethyl 
cyanide  (p.  663).  3.  By  the  simultaneous  action  of  water  and 
carbonyl  chloride  on  ethane  (p.  663).  4.  By  the  oxidation  of 
normal  propyl  alcohol  (p.  594),  and  of  propionic  aldehyde, 
C3H(iO.  5.  Together  with  acetic  acid,  by  oxidising  propione, 
C5H10O,  with  dilute  chromic  acid.  This  is  the  process  by  which 
it  was  first  obtained.  6.  From  lactic  acid — from  which  it  differs 
only  by  containing  one  atom  of  oxygen  less — by  the  action  of 
hydriodic  acid : 

C3H603    +    2HI    =    C3HG02    +    H90    +  !>• 

7.  Together  with  several  other  products,  in  the  fermentation  of 
glycerin,  and  likewise  of  sugar,  by  the  action  of  putrid  cheese  in 
presence  of  calcium  carbonate. 

Propionic  acid  is  usually  prepared  by  the  second  of  the  above- 
mentioned  processes.  Ethyl  cyanide  is  added  by  drops  to  a 
moderately  strong  solution  of  potash  heated  in  a  tubulated  retort. 
the  distillate  being  repeatedly  poured  back  as  long  as  it  smells  of 
ethyl  cyanide.  The  residue  in  the  retort,  consisting  of  potassium 
propionate,  is  then  evaporated  down  to  dryness,  and  distilled  with 
syrupy  phosphoric  acid. 

Propionic  acid,  when  perfectly  dry,  crystallises  in  lamina?,  and 
boils  at  140°.  It  is  soluble  in  water,  and  when  the  water  is  quite 
saturated  with  it,  the  excess  of  acid  floats  on  the  surface  in  the 
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form  of  an  oil.  It  has  a  very  sour  taste,  and  a  somewhat  pungent 
odour. 

The  propionates  are  soluble  in  water.  The  barium- salt, 
Ba"(C3H50,)o,  yields  propione  by  dry  distillation. 

Propionic  acid  forms  substitution-products  with  chlorine, 
bromine,  and  iodine.  Ghloropropionic  acid,  C3HSC102,  does  not 
appear  to  be  formed  by  the  action  of  chlorine  on  propionic  acid  ; 
but  it  is  obtained  by  treating  the  calcium  salt  of  lactic  acid  with 
phosphorus  pentaehloride,  whereby  lactyl  chloride  or  ehloro- 
propionyl  chloride,  C3H.iClO.Cl,  is  formed,  and  decomposing  this 
chloride  with  water : 

C3H40(OH)2  +  PC15  =  C3H4C10.C1  +  PC130  +  H20 
and : 

C3H4C10.C1  +  H20  =  HC1  +  C3H4C10(OH). 

Ghloropropionic  acid  is  a  liquid  less  volatile  than  propionic  acid, 
and  having  the  odour  of  trichloracetic  acid.  Nascent  hydrogen 
converts  it  into  propionic  acid. 

Bromopropionic  acid,  C3H6Br02,  produced^  by  the  action  of 
bromine  on  propionic  acid,  is  converted  by  alcoholic  ammonia 
into  alanine,  or  amidopropionic  acid: 

C3H.Br02  +  2NH3  =  C3H6(NH2)02  +  NH4Br. 

Alanine,  homologous  with  glycocine  and  isomeric  with  sarcosine 
(p.  682),  is  also  produced  by  boiling  a  mixture  of  aldehyde- 
ammonia  and  hydrocyanic  acid  with  dilute  hydrochloric  acid : 

C2H4O.NH3  +  HCN  +  HC1  +  H20  =  NH4C1  +  C3H7N02. 

It  forms  rhombic  prisms  of  a  pearly  lustre,  easily  soluble  in 
alcohol,  sparingly  soluble  in  ether.  Alanine,  like  glycocine,  com- 
bines with  acids,  bases,  and  salts. 

Nitrous  acid  converts  alanine  into  lactic  or  oxypropionic  acid, 
C4H0O3,  the  reaction  being  exactly  similar  to  that  by  which 
glycocine  is  converted  into  glycollic  acid. 

Butyric  Acid,  C4H802=C4H70(OH).— This  acid,  as  already 
observed,  admits  of  two  isomeric  modifications,  viz.  : 

(  ch2ch2ch3  (  ch(ci-l)., 

(oh  (oh 

Nonnnl  butyric  acid.  Isobutyrlc  acid. 

The  first,  which  may  be  regarded  as  propyl -formic  or  ethyl- 
acetic  acid,  is  produced  by  oxidising  normal  butyl  alcohol, 
CH2CH2CH3.CH20H,  with  chromic  arid,  and  by  the  action  of 
alkalis  on  nonnnl  propyl  cyanide  ;  the  second,  which  has  the 
composition  of  isopropyl-formic  or  dimethyl-acetic  acid,  is  obtained 
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by  similar  reactions  from  isobutyl  alcohol,  CH(CH3)2.CH2OH, 

and  isobutyl  cyanide. 

Normal  butyric  acid  is  Likewise  formed  : 

a..  By  the  action  of  hydriodic  acid  on  succinic  acid, 

04H6Q4    +    6HI    =    C4H802    +    2H20    +  I0. 

(3.  Together  with  glycerin,  by  saponification*  of  ordinary  but  ter, 
which  contains  tributyrin,  (C3H5)"(OC4HrO)3 : 

•  (C3H5)-(OC4H-0)3  +  3KOH  =  3KC4H702  +  C3H5(OH)3. 

Other  acids  of  the  series  are,  however,  formed  at  the  same  time, 
which  are  difficult  to  separate. 

y.  By  the  fermentation  of  sugar  in  contact  with  putrid  cheese 
and  chalk,  calcium  lactate  being  first  formed  in  large  quantity, 
and  afterwards  dissolved  and  converted  hi  to  butyrate,  which  may 
be  decomposed  by  sulphuric  acid,  and  distilled.  The  conversion 
of  lactic  into  butyric  acid  probably  takes  place  as  shown  by  the 
equation : 

2C3H0O3    =    C4H802    +    2C02    +  2H2. 

Normal  butyric  acid  exists  ready-formed  in  tamarinds  and  a 
few  other  plants,  in  certain  beetles,  and  in  various  kinds  of  decom- 
posing animal  and  vegetable  matter. 

Both  modifications  of  butyric  acid  are  colourless  mobile  liquids, 
dissolving  in  all  proportions  of  water,  alcohol,  and  wood-spirit. 
The  derivatives  of  normal  butyric  acid  have  higher  specific  gravi- 
ties and  boiling  points  than  the  con'esponding  derivatives  of  iso- 
butyric  acid :  thus, 

Normal  compounds.  Iso-compounds. 

B.  P.    Sp  gr.  at  0°.       B.  P.      Sp.  gr.  at  0°. 
Acids,  (C4H70)OH       164°     0-9817       154°  0-9598 

Anhydrides,  (C4H70)20  190°  —  180-5°  — 
Chlorides,     C4H70C1  —         —  92°  — 

Ethyl-ethers,  C4H70(OC2H5)   119°     0-9019       110°  0-8893 

Both  acids  have  the  odour  of  acetic  acid,  and  also  of  rancid  butter, 
but  the  smell  of  isobutyric  acid  is  much  less  offensive  than  that  of 
the  normal  acid. 

The  metallic  butyrates  are,  for  the  most  part,  soluble  in  water 
and  crystallisable.  The  calcium  salt,  Ca"(C4H70).„  of  the  normal 
acid  is  more  soluble  in  cold  than  in  hot  water  ;  the  isobutyrate  is 
more  soluble  in  hot  water  than  in  cold. 

Ethyl  butyrate^  C4H702.  C2Hfi,  is  a  liquid  Laving  a  pleasant 
fruity  odour ;  it  is  sometimes  used  for  flavouring  confectionery. 
The  isobutyrate  is  still  more  fragrant. 

Butyric  acid,  subjected  to  the  action  of  dry  chlorine,  is  converted 
first  into  dichlorobutyric  acid,  C4H0Cl2O2,  and  afterwards 
into    tetrachlorobuty  ric    aci  d,   C4H4Cf402.     Heated  with 
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bromine  in  sealed  tubes  to  150°-200°,  it  forms  mono-  or  di- 
bromobut  vric  acid,  according  to  the  proportions  used.  Di- 
bromobutyric  acid  is  crystallisable.  Normal  monobromo-butyric 
acid  is  an  oily  liquid,  which  does  not  solidify  at  —  15° ;  isomono- 
broniobutyric  acid  is  a  crystalline  mass,  melting  at  42°. 

Amidobutyric  acid,  C4H0NO2,  or  C4H7(NH2)02,  is  said  to 
exist,  together  with  its  homologue,  leucine  or  amidocaproic  acid,  in 
the  pancreas  of  the  ox. 

Valeric  or  Valerianic  Acid,  C6H10O2  =  CsH90(OH). — 
This  acid  admits  of  four  metameric  modifications,  namely, 

CH2CH2CH2CH3  CH2CH(CH3)2  CH(CH3)(C2H5)  C(CH3)3 
COOH  COOH  COOH  COOH 

Propyl-acetic.  Isopropyl-acetio         Metliyl-etbyl  acetic.  Trimethyl- 

acetic. 

The  first  and  second  are  obtained  by  oxidation  of  normal  amylk 
and  iso-amylic  alcohol  (p.  599)  respectively,  the  third  is  not  known, 
the  fourth  is  produced  from  tertiary  butylic  alcohol  or  trimethyl- 
carbinol. 

Propyl-acetic  or  normal  Valeric  acid,  C0H9.COOH,  is  an 
oily  liquid  smelling  like  butyric  acid,  and  boiling  at  185°. 

Isopropyl-aee  tic  or  Isovaleric  acid  (ordinary  valeric  acid), 
occurs  in  valerian  root,  in  angelica  root,  in  the  berries  of  the 
guelder  rose  (Viburnum  Opidus),  and  probably  in  many  other 
plants.  It  is  produced  by  the  oxidation  of  ordinary  amyl  alcohol, 
either  by  absorption  of  atmospheric  oxygen  under  the  influence  of 
platinum  black,  or  by  treatment  with  aqueous  chromic  acid,  or  by 
heating  it  with  a  mixture  of  caustic  potash  and  quicklime,  the 
reaction,  in  this  last  case,  being  attended  with  evolution  of 
hydrogen : 

C6H120    +    KOH    =    KC5HuO,    +    H20    +  H2. 

The  potassium  salt,  distilled  with  sulphuric  acid,  yields  valeric 
acid. 

The  most  advantageous  mode  of  preparing  valeric  acid,  is  to 
oxidise  amyl  alcohol  with  a  mixture  of  sulphuric  acid  and  potassium 
dichromate.  4  pai-ts  of  the  dichromate  in  powder,  8  parts  of  oil  of 
vitriol,  and  8  parts  of  water  are  mixed  in  a  capacious  retort,  and 
1  part  of  amyl  alcohol  is  added  by  small  portions,  with  strong 
agitation,  the  retort  being  plunged  into  cold  water  to  moderate  the 
violence  of  the  reaction.  When  the  change  appears  complete,  the 
deep-green  liquid  is  distilled  nearly  to  dryness,  the  product  mixed 
with  excess  of  caustic  potash,  and  the  aqueous  solution  separated 
mechanically  from  a  pungent,  colourless,  oily  liquid  which  floats 
upon  it,  consisting  of  ainyl  valerate.  The  alkaline  solution  is 
then  evaporated  to  a  small  bulk,  and  decomposed  by  dilute  sul- 
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phuric  acid  in  excess.  The  greater  part  of  the  valeric  acid  then 
separates  as  an  oily  liquid  lighter  than  water :  this  is  a  hydrate  con- 
sisting of  C,H10O2 .  H20.  When  distilled  alone,  it  undergoes 
decomposition :  water,  with  a  little  of  the  acid,  first  appears,  and 
eventually  the  pure  acid,  C5H10O2,  in  the  form  of  a  thin,  niohile, 
colourless  oil,  having  the  persistent  and  characteristic  odour  of 
valerian  root.  It  has  a  sharp  and  acid  taste,  reddens  litmus 
strongly,  bleaches  the  tongue,  aud  burns  when  inflamed  with  a 
bright,  yet  smoky  light.  Valeric  acid  has  a  density  of  0-937 :  it 
boils  at  175°.  Placed  in  contact  with  water,  it  absorbs  a  certain 
quantity,  and  is  itself  to  a  certain  extent  soluble. 

Valeric  acid  is  active  or  inactive  to  polarised  light,  accordingly 
as  it  has  been  prepared  from  active  or  inactive  amyl  alcohol. 
That  which  has  been  prepared  from  the  active  alcohol  produces  a 
right-handed  rotation  of  43°  in  a  tube  50  centimeters  long.  The 
difference  between  these  two  acids,  like  that  of  the  alcohols  from 
which  they  are  derived,  is  probably  due  to  difference  rather  of 
molecular  than  of  atomic  arrangement  (p.  601). 

The  metallic  valerates  are  not  of  much  importance  ;  several  of 
them  are  crystallisable.  The  silver-salt  contains  AgC5H902.  A 
solution  of  potassium  valerate,  subjected  to  eleetrolvsis,  yields 
dibutyl,  C8H1S  (p.  546). 

Ethyl  valerate,  C2H5.C5H0O2,  is  obtained  by  passing  hydro- 
chloric acid  gas  into  an  alcoholic  solution  of  valeric  acid.  Am- 
monia converts  it  into  valeramide,  C5H9ONH2.  It  is  decomposed 
by  sodium  in  the  same  manner  as  ethyl  acetate  (p.  677),  yielding 
sodium  ethylate  and  the  sodium  salt  of  an  acid,  C15H2g03 : 

4Na  +  3(C2H5.C5H902)  =  3NaOC2H6  +  NaClsH2703. 

Chloro valeric  Acids. — Trichlorovaleric  acid,  C5H7C130.,,  ob- 
tained by  the  prolonged  action  of  chlorine  on  valeric  acid  in  the 
dark,  aided  towards  the  end  of  the  process  by  a  gentle  heat,  is  an 
oily  liquid,  becoming  very  viscid  at  18°,  perfectly  mobile  at  30°. 
In  contact  with  water  it  forms  a  very  viscid  hydrate,  which  sinks 
to  the  bottom.  It  dissolves  in  aqueous  alkalis,  and  is  precipitated 
by  acids  in  its  original  state. 

Tetrachlorovaleric  acid,  C5H6C1402,  is  the  ultimate  product  of 
the  action  of  chlorine  on  the  preceding  substance,  aided  by  ex- 
posure to  the  sun.  It  is  a  semifluid,  colourless  oil,  destitute  of 
odour,  of  powerful  pungent  taste,  and  heavier  than  water.  It  can 
neither  be  solidified  by  cold  nor  distilled  without  decomposition. 
In  contact  with  water,  it  forms  a  hydrate  containing  C5H0Cl4O2.H,O, 
which  is  slightly  soluble  in  water,  easily  soluble  in  alcohol  and 
ether. 

Caproic  Acid,  CcH120,  =  CcHnO(OH)  =  Cf)Hn .  COOH.- 
This  acid  is  produced  by  the  action  of  alkalis  on'  amyl  cyanide, 
( '-H  nCN  (p.  664);  also  as  a  sodium-salt,  by  the  action  of 'carbon 
dioxide  on  sodium-amyl :  C02+NaC,Hu  =  0-H11.COONa.  It 
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occurs  as  a  glyceride  in  the  butter  of  cow's  milk,  and  abundantly 
in  cocoa-nut  oil ;  it  is  a  not  unfrequent  product  of  the  oxidation 
of  fatty  acids  of  higher  atomic  weight,  and  is  produced  by  the  oxida- 
tion of  poppy  oil  and  of  casein.  It  may  be  prepared  from  cocoa-nut 
oil  by  saponifying  the  oil  with  strong  soda-ley,  and  distilling  the 
b  iap  with  dilute  sulphuric  acid.  The  distillate  contains  caproic 
and  caprylic  acids,  and,  when  neutralised  with  baryta  and 
evaporated,  yields,  first  crystals  of  barium  caprylate,  and  after- 
wards verucose  crystals  of  the  caproate,  which,  when  decomposed 
by  sulphuric  acid,  yield  caproic  acid. 

Caproic  acid  is  a  clear  mobile  oil  of  sp.  gr.  0931  at  15°,  havin^ 
a  sudorific  odour  and  pungent  taste.  The  acid  prepared  from 
amyl  cyanide  solidifies  at  -  9°,  boils  at  195°,  and  is  active  to 
polarised  light.  That  from  cocoa-nut  oil  boils  between  202°  and 
209°  (perhaps  owing  to  admixture  of  caprylic  acid),  and  is  opti- 
cally inactive. 

The  metallic  caproates  are  soluble  and  crystallisable.  A  stroma 
solution  of  the  potassium-salt,  subjected  to  electrolysis,  yields 
piamyl,  C10H22  (p.  546).  The  silver-salt,  AgC6Hu09,  is  nearly 
insoluble  in  water,  and  crystallises  in  broad  plates,  but  is  little 
altered  by  exposure  to  light. 

The  primary  octylic  ether  of  caproic  acid,  C8Hir .  CGHn02,  is  one 
ol  the  constituents  of  the  volatile  oil  of  Heracleum  sphonchjlium  (p. 
608).  The  acid,  C6H.202,  obtained  from  it,  is  an  oily  liquid,  boil- 
ing between  200°  and  205°,  solidifying  at  about  -  10°  to  a  white 
mass ;  it  appears  to  be  identical  with  the  caproic  acid  of  natural 
fats,  but  differs  in  some  respects  from  that  prepared  from  amyl 
cyanide,  e.g.,  in  the  characters  of  its  silver-salt. 

Amidocaproic  Acid,  or  Leucine,  C6H13NO,  or  C0Hn(NH2)O2, 
has  not  been  obtained  directly  from  any  derivative  of  caproic  acid, 
but  is  produced  by  digesting  together  valeral-ammonia,  hydrocyanic 
acid,  and  hydrochloric  acid,  the  reaction  being  analogous  to  that 
by  which  alanine  is  prepared  from  the  ammonia  compound  of 
acetic  aldehyde : 

C6H10O.NH3  +  CNH  +  HC1  +  H20  =  CcH13N02  +  NH4CL 
Leucine  is  also  formed  by  the  decomposition  of  animal  sub- 
si  hi  ices,  such  as  glue,  horn,  wool,  &c,  during  putrefaction,  and  by 
the  treatment  of  these  substances  with  acids  or  alkalis.  It  was 
In  - 1  discovered  in  putrid  cheese ;  more  recently  it  has  been  found 
in  several  parts  of  the  animal  organism.  Leucine  crystallises  in 
while  shining  scales,  which  melt  at  100°,  and  maybe  sublimed 
wit  bout  decomposition  ;  it  is  but  little  soluble  in  water,  still  less  in 
alcohol,  msolublein ether.  When  heated  with  caustic  baryta, it  splits 
into  carbon  dioxide  and  amylamine  :  C(!HnN02  =  Cf)H..,N+( '().,. 
It  unites  with  acids,  bases,  and  salts.  Treatment  with  nitrous  acid 
converts  Lt  into  leucic  acid,  C0H,„O..,  homologous  with  lactic  and 
glycollic  acids.  u  8  ° 
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(Enanthylic  Acid,  C7Hl402  =  C7H130(OH)  .=  C\tir: . 
COOH.  This  acid  is  produced  from  cenanthol,  or  cenanthylic 
aldehyde,  C7H140  (a  liquid  obtained  by  the  dry  distillation  of 
castor-oil),  by  oxidation  in  the  air,  or  with  nitric  acid  or  with 
chromic  acid ;  also  by  oxidation  of  castor-oil  with  nitric  acid. 

(Enanthylic  acid  is  a  transparent  colourless  oil,  having  an  un- 
pleasant odour  like  that  of  codfish.  It  boils,  according  to  Strecker, 
at  212°.  It  is  insoluble  in  water,  but  soluble  in  alcohol  and  ether. 
When  heated  with  baryta,  it  gives  off  sextane  or  hexyl  hydride, 
C6H14,  the  baryta  abstracting  carbon  dioxide:  C7H1402  =  C02-f- 
C6H14.  The  potassium-salt  subjected  to  electrolysis,  yields 
dihexyl  C12H28. 

Caprylic  Acid,  C8H,602  =  C8H1(;0(OH),  occurs  as  a  gly- 
cericle  in  the  butter  of  cows  milk  and  in  cocoa-nut  oil ;  it  is  also 
found  in  several  kinds  of  fusel-oil,  partly  free,  partly  as  an  ethylic 
or  amylic  ether.  It  is  best  prepared  by  saponification  of  cocoa-nut 
oil ;  its  barium-salt  being  very  sparingly  soluble,  is  easily  Sepa- 
rated from  the  barium-salt  of  caproic  acid  formed  at  the  same 
time. 

Caprylic  acid  has  a  faint  but  unpleasant  odour,  especially  when 
warmed.  It  solidifies  at  12°,  melts  at  15°,  and  boils  at  236°-238°. 
When  boiled  with  nitric  acid,  it  is  converted  into  nitrocaprylic 
acid,  C8H15(N02)02. 

Primary  octyl  alcohol,  C8H180,  obtained  from  Heracleum  oil 
(p.  608),  yields  by  oxidation  with  chromic  acid  an  acid  C8H160.„ 
solidifying  at  12°,melting  atl6-17°,  boiling  at 23^238°,  and  doubt- 
less identical  with  the  caprylic  acid  of  natural  fats ;  but  the  primary 
octyl  alcohol  obtained  from  octane  yields  by  oxidation  an  acid 
C8H1602,  isomeric  with  the  above,  inasmuch  as,  when  floating  on 
water,  it  remains  liquid  at  0°. 

Pelargonic  Acid,  C9H1802  =  C9H170(OH),  was  first  ob- 
tained from  the  leaves  of  the  geranium  (Pelargonium  roseum),  in 
which  it  exists  ready  formed.  It  may  be  procured  in  large  quantity 
by  the  action  of  nitric  acid  upon  the  essential  oil  of  rue  (which 
contains  the  two  aldehydes,  CnH220  and  C12H240) ;  also,  together 
with  several  acids  of  the  fatty  series,  by  the  action  of  boiling 
nitric  acid  on  oleic  acid.  It  is  a  liquid  having  a  slightly  un- 
pleasant odour,  and  boiling  at  260°. 

Ethyl  pelargonate,  C2H6.C9Hl702  may  be  easily  produced  hy 
dissolving  the  acid  in  strong  alcohol,  and  passing  a  current  of 
hydrochloric  acid  through  the  solution.  It  is  a  liquid  of  specific 
gravity  0"862,  and  boihng  at  250°.  It  has  a  powerful  and  mos< 
intoxicating  vinous  odour. 

The  aroma  possessed  by  certain  wines  appears  to  be  due  In  the 
presence  of  the  ether  of  pelargonic  acid,  which,  in  this  case,  is 
probably  generated  during  fermentation.  When  such  wines,  or 
the  residues  their  fermentation,  are  distilled  on  the  large  scale,  an 
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oily  liquid  passes  over  towards  the  close  of  the  operation,  which 
consists,  in  a  great  measure,  of  the  crude  ether :  it  may  be  purified 
by  agitation  with  solution  of  potassium  carbonate,  freed  from 
water  by  a  few  fragments  of  calcium  chloride,  and  redistilled. 
The  pelargonic  ether  obtained  by  this  process  was  originally 
described  as  cenanthic  ether,  and  the  acid  as  cenanthic  acid. 

An  acid,  C9H1802,  called  by  its  discoverers  nonylic  acid,  is 
obtained  by  the  action  of  boiling  alcoholic  potash  on  primary  octyl 
cyanide,  C8Hl7.CN,  prepared  from  the  octyl  alcohol  of  Heraclemn 
oil  (p.  608).  This  acid  boils  at  253-254°,  and  its  ethylic  ether  at 
227-228°.  From  its  origin,  it  appears  to  be  normal  pelargonic 
acid. 

Rutic  or  Capric  Acid,  C10H20O2. — This  acid  exists  as  a 
glyceride  in  ordinary  butter  and  in  cocoa-nut  oil ;  it  occurs  also  in 
several  kinds  of  fusel-oil,  and  is  formed  by  the  oxidation  of  oleic 
acid  and  of  oil  of  rue.  It  may  be  obtained  pure  and  in  tolerable 
quantity  from  the  liquid  which  remains  in  the  distillation  of  the 
fusel-oil  of  the  Scotch  distilleries  (p.  603)  after  the  amyl  alcohol 
has  been  distilled  off  at  132°.  This  residue  consists  chiefly  of 
amyl  rutate,  C6Hu.C10H19O2,  and  when  distilled  with  potash 
gives  off  amyl  alcohol  and  leaves  potassium  rutate,  from  which 
the  rutic  acid  may  be  obtained  by  distillation  with  sulphuric 
acid. 

Rutic  acid  is  a  colourless  crystalline  body,  having  a  slight  odour 
of  the  goat,  becoming  stronger  when  the  acid  is  warmed.  It  melts 
at  27°-30°,  is  very  soluble  in  cold  alcohol  and  ether,  insoluble  in 
cold  water,  slightly  soluble  in  boiling  water,  and  dissolves  without 
alteration  in  strong  nitric  acid. 

The  metallic  rutates  are  mostly  sparingly  soluble  in  water. 
The  barium  salt,  Ba"(C10H10O2)2,  separates  from  solution  in  boiling 
water  in  needle-shaped  or  large  prismatic  crystals  which  float  on  the 
pater  if  not  moistened. 

Laurie  Acid,  C12H2402,  occurs  as  a  glyceride  (laurostearin) 
in  the  fat  of  the  bay-tree  (Laurus  nobilis),  and  in  the  solid  fat  and 
volatile  oil  of  pichurim  beans  (Fabte  Pichurim  maj.).  It  is  pre- 
pared by  saponifying  these  fats  with  caustic  alkali,  and  decompos- 
ing the  resulting  soap  with  tartaric  or  hydrochloric  acid.  It  like- 
wise occurs,  together  with  other  fatty  acids,  or  their  glycerides,  in 
cocoa-nut  oil  and  the  oils  or  fats  of  several  other  plants,  also  in 
Spermaceti;  and  is  separated  from  the  mixtures  of  fatty  acids 
resulting  from  the  saponification  of  these  substances  by  a  compli- 
cated process  of  fractional  precipitation  with  barium  and  mag- 
nesium salts,  into  the  details  of  which  we  cannot  enter.* 

Laurie  arid  \h  insoluble  in  water,  but  dissolves  easily  in  alcohol 
and  ether,  and  crystallises  from  alcohol  in  white,  silky  needles, 
which  melt  at  about  43°. 

*  Bee  Watts's  Dictionary  of  Chemistry,  vol.  iii.  p.  474. 
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The  laurates  of  the  alkali-metals  and  of  "barium  are  soluble  in 
water ;  the  other  salts  are  insoluble  or  sparingly  soluble.  The 
calcium  salt  Ca'/(C12H2302)2,  is  resolved  by  distillation  into  calcium 
carbonate  and  laurostearone : 

Ca"(C12H2302)2    =    Ca"C03    +  C23H460. 

Myristic  Acid,  C14H2802. — This  acid  occurs  as  a  glyceride 
in  nutineg-mitter  and  Otoba  fat ;  also,  together  with  lauric  acid 
in  Dika  bread,  the  fruit  of  Mangifera  gabonensis,  an  African  tree ; 
and,  together  with  other  fatty  acids,  in  cocoa-nut  oil  and  spermaceti. 
It  may  be  produced  from  crude  ethal  (cetyl  alcohol)  by  heating 
with  a  mixture  of  potash  and  lime,  it's  formation  being  doubtless 
due  to  the  presence  of  methal  or  myristic  alcohol,  C14H30O,  in  the 
crude  ethal  (p.  610) : 

C14H30O    +    KHO    =    C14H2?02K    +  2H2 

Lauric  acid  is  likewise  produced  by  a  similar  process  from  crude 
ethal,  doubtless  because  that  substance  also  contains  lethal  or  lauric 
alcohol,  C12H260. 

Pure  rnyristic  acid  is  most  easily  obtained  by  saponification  of 
Otoba  fat  (from  Myristica  Otoba).  It  forms  white,  shining,  crystal- 
line laminae,  melting  at  53-8°.  It  is  quite  insoluble  in  water  and 
in  ether,  but  dissolves  easily  in  hot  alcohol,  and  crystallises  there- 
from on  cooling. 

The  myristates  of  the  alkali-metals,  KC14H2702,  &c,  are  soluble 
in  water,  and  not  decomposed  thereby  (like  the  stearates).  The 
other  myristates  are  insoluble  or  sparingly  soluble,  and  are 
obtained  by  precipitation. 

Myristin  (C3H5)'"(C14H2702)3,  the  glyceride  of  inyristic  acid,  is 
obtained  by  pressing  nutmegs  between  hot  plates,  exhausting  the 
crude  fat  thus  obtained  with  spirits  of  wine,  and  crystallising  the 
undissolved  portion  from  boiling  ether.  It  is  a  crystalline  fat 
having  a  silky  lustre. 

Palmitic  Acid,  C16H3202.- — This  acid  occurs  as  a  glyceride 
(tripalmitin)  in  many  natural  fats,  often  associated  with  stearin. 
Palm-oil,  the  produce  of  Elais  guiancnsis,  Chinese  tallow,  the 
produce  of  the  tallow-tree  (Stillingia  sebifera),  and  Japan  wax, 
irom  Rhus  succedanea,  consist  mainly  of  tripalmitin.  Palmitic 
acid  is  easily  prepared  by  saponifying  palm-oil  with  caustic  potash, 
decomposing  the  soap  with  sulphuric  acid,  and  crystallising  the 
separated  fatty  acid  several  times  from  hot  alcohol  till  it  exhibits 
a  constant  melting-point,  Chinese  tallow  may  be  saponified  with 
alcoholic  potash,  and  Japan  wax  by  fusion  with  solid  potassium 
hydrate,  and  the  soap  treated  in  a  similar  manner. 

Palmitic  acid  exists  also  as  cetyl  pal  mi  tate  (cetin),Cj(;H33.CjGH3102) 
in  spermaceti,  and  as  myricylpalmitate  (mebissin),  C30H61.Ci0H31Oj, 
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in  bees'- wax.  It  is  produced,  together  with  acetic  acid,  by  melt- 
ing oleic  acid,  C18H3402,  with  potassium  hydrate : 

Cl8H3402  +  2KOH  =  KC1BH3102  +  KC2H302  +  H2. 

Palmitic  acid  is  a  colourless,  solid  body,  without  taste  or  smell, 
lighter  than  water.  It  is  insoluble  in  water,  but  dissolves 
abundantly  in  boiling  alcohol  or  ether.  The  solutions  are  acid, 
and  when  concentrated,  solidify  in  a  mass  on  cooling.  When 
dilute  they  yield  the  acid  in  tufts  of  slender  needles.  It  melts  at 
62°,  and  solidifies  on  cooling  in  a  mass  of  shining  nacreous  lamina3. 
When  heated  in  a  dish,  it  boils  and  evaporates  without  residue, 
and  may  be  distilled  almost  without  change.  When  gently  heated 
in  the  air,  it  is  but  slightly  altered,  but  at  higher  temperatures  it 
takes  fire,  and  burns  with  a  bright  smoky  flame  like  other  fats. 
It  is  attacked  by  chlorine  at  100°,  giving  off  hydrochloric  acid,  and 
forming  oily  substitution-products.  Heated  with  alcohols,  it  forms 
compound  ethers. 

Palmitic  acid  forms  normal  or  neutral  salts,  having  the  compo- 
sition MC10H31O2  for  univalent,  and  M'XC^H^O^/for  bivalent 
metals,  and  with  the  alkali-metals  also,  acid  salts  analogous  to  the 
acid  acetates.  The  normal  palmitates  of  potassium  and  sodium 
are  soluble  in  water  and  alcohol ;  the  rest  are  insoluble,  and  are 
obtained  by  precipitating  a  metallic  salt  with  an  alcoholic  solu- 
tion of  sodium  or  potassium  palmitate. 

Ethyl  palmitate,  C2H5.C10H31O2,  obtained  by  passing  hydro- 
chloric acid  gas  into  a  saturated  alcoholic  solution  of  palmitic  acid, 
crystallises  in  prisms,  and  melts  at  24°. 

Glyceryl  palmitates,  or  Palmitins.— There  are  three  of 
these  ethers— viz.,  Monopalmitin  (C3llJM(OR)JC1BUa.O,),dipahnd- 
tva  (C3HJ"(OH)(C  H3102)2,  and  tripalmitin  (C^\d;6R3l02)3. 
lhe  first  and  second  are  obtained  by  heating  palmitic  acid  with 
glycerin  in  sealed  tubes ;  the  third  by  heating  a  mixture  of  1  part 
of  monopalmitin  and  10  parts  of  palmitic  acid  to  250°  for  twenty- 
eight  hours.  They  are  all  crystalline  fats.  Tripabnitin  thus 
obtained  melts  at  46°.  Natural  palmitin,  obtained  from  palm-oil 
and  other  fats,  has  the  composition  of  tripalmitin,  but  exhibits 
three  isomeric  (or  rather  allotropic)  modifications  (like  those  of 
stearin),  melting  respectively  at  46°,  61-7°,  and  62-8°:  the  first 
appears  to  be  identical  with  artificial  tripalmitin. 

Palm-oil  comes  chiefly  from  the  coast  of  Africa.  It  has,  when 
fresh,  a  deep  orange-red  tint,  and  a  very  agreeable  odour:  the 
colouring  matter— the  nature  of  which  is  unknown— is  easily 
destroyed  by  exposure  to  light,  especially  at  a  high  temperature, 
ami  also  by  oxidising  agents.  The  oil  melts  at  27°.  By  cautious 
pressure  it  may  be  separated  into  fluid  olein  and  solid  palmitin, 
which,  when  purified  by  crystallisation  from  hot  ether,  Ls  perfectly 
while.  By  keeping,  palm-oil  seems  to  suffer  a  change  similar  to 
thai  produced  By  saponification :  in  this  state  it  is  found  to  con- 
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tain  traces  of  glycerin  and  a  considerable  quantity  of  oleic  acid, 
together  with  palmitic  acid.  The  oil  becomes  harder  and  rancid, 
and  its  melting  point  is  raised  at  the  same  time. 

Margaric  Acid,  C17H3402.— This  name  was  formerly  applied 
to  an  acid,  intermediate  between  stearic  and  palmitic  acids,  sup- 
posed to  be  produced,  together  with  others,  by  the  saponification 
of  natural  fats ;  but  it  is  now  restricted,  for  reasons  to  be  pre- 
sently mentioned,  to  an  acid  prepared  by  a  definite  reaction — viz., 
by  the  action  of  boiling  alcoholic  potash  on  cetyl  cyanide : 

C18H33CN    +    KOH    +    H20    =    NH3    +  KC17H3302. 

The  solid  potassium  salt  thus  obtained  is  decomposed  by  boiling 
dilute  hydrochloric  acid,  and  the  separated  margaric  acid  is  puri- 
fied by  precipitating  its  ammoniacal  solution  with  barium  chlo- 
ride, decomposing  the  precipitate  with  hydrochloric  acid  and 
ether,  separating  the  ethereal  solution  by  means  of  a  pipette ;  and 
distilling  off  the  ether.  It  forms  white  crystals,  melting  at  59-9°, 
and  is  intermediate  in  all  its  properties  between  palmitic  and 
stearic  acids. 

The  so-called  margaric  acid,  obtained  by  the  saponification  of 
natural  fats,  and  regarded  by  Chevreul*  and  many  other  chemists, 
as  a  distinct  acid  having  the  composition  C17H3402.  has  been  shown 
by  Heintzt  to  be  a  mixture,  resolvable  into  stearic  acid  and  other 
fatty  acids  of  lower  melting  point,  chiefly  palmitic  acid.  Such 
mixtures  of  solid  fatty  acids,  or  of  the  corresponding  glycerides, 
cannot  be  completely  resolved  into  their  constituent  fats  by  crys- 
tallisation from  alcohol,  ether,  or  other  solvents,  which  was  the 
method  of  separation  resorted  to  in  the  earlier  investigations. 
The  only  effectual  method  of  separation  is  to  subject  the  alcoholic 
solution  of  the  acids  to  a  series  of  fractional  precipitations  with 
acetate  of  lead,  barium,  or  magnesium,  the  stearate  then  separat- 
ing out  first. 

Stearic  Acid,  C1SH3602.— This  acid  was  discovered  by 
Chevreul  as  a  constituent  of  the  more  solid  fats  of  the  animal 
kingdom.  It  is  most  abundant  in  these,  especially  in  beef-  and 
mutton-suet;  but  exists  also,  together  with  palmitic,  myristic 
acid,  &c,  in  the  softer  fats,  such  as  the  butter  of  cow's  milk, 
human  fat,  that  of  the  goose,  of  serpents,  of  cantharides,  and  in 
spermaceti.  It  occurs  also  in  vegetable  fats,  especially  those  01 
cacao-beans,  of  the  berries  of  Cocculus  inclicus,  and  in  shea-but  ter, 
obtained  from  the  nuts  of  Bassia  Parkii,  a  tree  growing  in  A\  est 
Africa.  In  all  these  fats  it  occurs  as  a  glyceride,  but  in  that  of 
cocculus  grains  also  in  the  free  state. 

Stearic  acid  is  prepared  from  beef-  or  mutton-suet,  or  bet® 

*  RechiTches  sw  les  cotps  gras  d'origine  aniinale.    Paris,  1S23. 
+  For  references  to  Heintz's  memoirs,  see  Gmelin's  Handbook,  vol.  xvi. 
p.  343. 
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from  cacao-fat,  by  saponifying  the  fat  with  soda-ley,  heating  the 
Soap-paste  with  water  and  dilute  sulphuric  acid,  removing  the 
Separated  fatty  acids  after  cooling,  washing  them  with  water,  and 
then  dissolving  them  in  as  small  a  quantity  as  possible  of  hot 
alcohol.  On  cooling,  the  greater  part  of  the  solid  acid  separates 
out,  while  the  oleic  acid  remains  in  solution,  and  may  be  sepa- 
rated by  subjecting  the  mass,  after  draining,  to  strong  pressure, 
redissolving  the  residue  in  a  small  quantity  of  alcohol,  leaving  it 
to  separate  by  cooling,  and  again  pressing  the  solid  mass.  From 
the  mixture  of  solid  fatty  acids  thus  obtained,  the  stearic  acid  may 
be  separated,  in  a  comparatively  pure  state,  by  repeated  crystal- 
lisation from  considerable  quantities  of  alcohol,  only  the  portion 
which  first  separates  being  each  time  collected.  But  to  obtain 
pure  stearic  acid,  it  is  better  to  dissolve  the  impure  stearic  acid 
(4  parts),  melting  at  about  60°,  in  such  a  quantity  of  hot  alcohol 
that  nothing  will  separate  out  on  cooling,  even  to  0°,  and  mix  the 
hot  liquid  with  a  boiling  alcoholic  solution  of  magnesium  acetate 
(1  part).  The  inagnesium-salt  which  separates  on  cooling,  is  pressed 
and  boded  for  some  time  with  a  large  quantity  of  dilute  hydro- 
chloric acid,  and  the  stearic  acid  thereby  separated  is  repeatedly 
crystallised  from  alcohol,  till  it  melts  constantly  at  69°  to  70°. 

Stearic  acid  is  also  easily  prepared  from  the  fat  of  cocculus- 
berries,  which  consists  mainly  of  stearin,  by  saponifying  it  with 
potash,  &c.  According  to  Buff  and  Oudemanns,  the  best  material 
for  the  preparation  of  stearic  acid  is  shea-butter,  which  contains 
about  70  per  cent,  stearic,  and  30  per  cent,  oleic  acid,  but  no  other 
solid  fatty  acid. 

On  the  large  scale,  impure  stearic  acid  is  prepared  for  the  manu- 
facture of  stearin-candles,  by  saponifying  some  of  the  harder  fats, 
generally  with  lime.  The  resulting  lime-soap,  decomposed  by 
sulphuric  acid,  yields  a  mixture  of  fatty  acids,  which  are  pressed, 
first  in  the  cold,  and  afterwards  at  a  higher  temperature,  in  order 
to  separate  the  oleic  acid  from  the  less  fusible  palmitic  and  stearic 
acids.  Another  method,  applied  chiefly  to  palm-oil,  consists  in 
decomposing  the  fat  with  super-heated  steam,  as  described  under 
Glycerin  (p.  625).  A  third  method  consists  in  treating  the  fat 
with  sulphuric  acid,  and  distilling  the  product. 

Pure  stearic  acid  crystallises  from  alcohol  in  nacreous  lamina; 
or  needles;  it  is  tasteless  and  inodorous,  and  has  a  distinct  acid 
read  ion.  At  low  temperatures  it  is  heaver  than  water,  having  a 
specific  gravity  of  T01  at  0°;  but  "between  9°  and  10°  its  specific 
Kiavity  is  the  same  as  that  of  water.  It  melts  at  69°-69-2°  to  a 
colourless  oil,  which  on  cooling  solidifies  to  a  white,  fine,  scaly, 
gjystalline  mass,  lamino-crystaUine  on  the  fractured  surface. 
When  heated  it  distils,  for  the  most  part,  without  alteration. 
Chlorine  converts  it  into  chlorostearic  acid,  C18II3r,C102.  Heated 
w;th  bromine  and  water  in  a  sealed  tube,  it  is  converted  into  hro- 
mostearic  acid,  018H,.BrO,,  and  dibromostearic  acid,  C18H34Br202. 
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Stearates. — Stearic  acid  dissolves  in  a  cold  aqueous  solution 
of  alkaline  carbonate,  probably  from  formation  of  acid  carbonate, 
and  does  not  expel  the  carbonic  acid  and  form  a  mono-acid  salt, 
till  heated  to  about  100°.  On  the  other  hand,  the  stearates  are 
decomposed  by  most  other  acids,  the  separated  stearic  acid  rising 
to  the  surface  as  an  oil  when  the  liquid  is  warm.  The  stearates 
have  the  consistence  of  hard  soaps  and  plasters,  and  are  mostly 
insoluble  in  water.  The  normal  potassium-salt,  KCjgHgjO,,  sepa- 
rates on  cooling  from  a  solution  of  1  part  stearic  acid  and  1  part 
potassium  hydrate  in  10  parts  of  water,  in  white  opaque  granules. 
The  acid  salt,  KC18H3502.C18H3602,  is  obtained  by  decomposing 
the  normal  salt  with  1000  parts  or  more  of  water,  and  separates 
in  silvery  scales  from  solution  in  boiling  alcohol.  Normal  sodium 
stearate,  NaC18H3509,  is  very  much  like  the  potassium-salt,  but 
harder.  The  acid  salt,  NaC18H3502.C18H3602,  obtained  by  decom- 
posing the  normal  salt  with  2000  parts  or  more  of  water,  separates 
from  the  hot  solution  in  nacreous  laminas.  The  stearates  of  the 
earth-metals  and  heavy  metals  are  insoluble  in  water,  and  are 
obtained  by  precipitation. 

Soaps  consist  of  mixtures  of  the  sodium  or  potassium-salts  of 
stearic,  palmitic,  oleic,  and  other  fatty  or  oily  acids,  and  are  pro- 
duced by  saponifying  tallow,  olive  oil,  and  other  fats  with  caustic 
alkalis.  The  soda-soaps  are  called  hard  soaps:  they  separate 
from  the  alkaline  liquor,  on  addition  of  common  salt,  in  hard, 
unctuous  masses,  which  are  the  soaps  in  common  use :  this  mode 
of  separation  is  called  salting  out.  The  potash-soaps,  on  the  other 
hand,  cannot  be  thus  separated ;  for  on  adding  salt  to  their  solu- 
tion, they  are  decomposed  and  converted  into  soda-soaps;  but 
they  are  obtained  in  a  semi-solid  state  by  evaporating  the  solution. 
The  products,  called  soft  soaps,  always  contain  a  considerable 
excess  of  alkali,  and  are  used  for  cleansing  and  scouring  when  a 
powerful  detergent  is  required. 

Stearic  ethers  are  formed  by  heating  stearic  acid  with  alcohols, 
monatomic  or  polyatomic.  Ethyl  stearate,  CqHj.CjsHjjO,,  is 
most  easily  obtained  by  passing  hydrochloric  acid  gas  into 
an  alcoholic  solution  of  stearic  acid.  It  resembles  white  wax, 
is  inodorous  and  tasteless,  melts  at  30°,  and  cannot  be  distilled 
without  decomposition.  It  is  readily  decomposed  by  boiling 
with  caustic  alkalis.  There  are  three  glyceryl  stearates  or 
stearins,  analogous  in  composition  to  the  palmitins :  Monostearin 
(C3H5)"'(OH)2(C18H3602),  prepared  by  heating  a  mixture  of  equal 
parts  of  stearic  acid  and  glycerin  to  200°  in  a  sealed  tube  for  36 
hours,  forms  verv  small  white  needles,  melting  at  61°,  and  solidi- 
fying again  at  60°.— Distearin  (C3HS)"'0H(C1SH^02)2,  obtained  by 
heating  monostearin  with  3  parts  of  stearic  acid  to  260°  for  three 
hours,  forms  white  microscopic  lamina),  melts  at  58°,  and  solidifies 
at  bb0.  —  Tristearin,  is  prepared  by  heating 

monostearin  with  15  to  20  times  its  weight  of  stearic  acid  to  270 
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for  three  hours  in  a  sealed  tube ;  also  from  various  solid  natural 
tats  by  solution  in  ether  and  repeated  crystallisation  from  the  hot 
solution.  It  crystallises  in  masses  of  white  pearly  larninse  or 
needles,  inodorous,  tasteless,  neutral,  and  volatilising  without 
decomposition  under  reduced  pressure.  Both  natural  and  arti- 
ficial tristearin  exhibit  three  isomeric  or  allotropic  modifications. 
Stearin,  separated  from  ether,  melts  at  69-7°;  but  if  heated  to 
73-7°  or  higher  and  then  cooled,  it  does  not  solidify  till  cooled  to 
51-7°.  It  then  melts  at  52°,  and  if  heated  a  few  degrees  higher, 
passes  into  a  third  modification,  which  does  not  melt  below  64-2°. 

Arachidic  Acid,  C20H40O2,is  a  fatty  acid  obtained  by  saponi- 
fication of  oil  of  earth-nut  (Arachis  hypogcea).  It  crystallises  in 
very  small,  shining  scales,  melts  at  75°,  and  solidifies  again  at 
73-5°  to  a  radiated  crystaUine  mass.  It  is  but  slightly  soluble  in 
cold  alcohol  of  ordinary  strength,  but  disaolves  easily  in  boiling 
absolute  alcohol  and  in  ether. 

The  silver-salt,  AgC20H39O2,  is  a  white  precipitate,  which 
separates  from  boding  alcohol  in  slightly  lustrous  prisms,  not 
altered  by  exposure  to  light.  Ethyl  arachiclate,  C2H5 .  C90H39O2, 
is  a  crystalline  mass,  melting  at  52"5°.  Berthelot  has  obtained 
three  glyceryl  arachidates  or  arachins,  analogous  to  the  stearins,  by 
heating  the  acid  with  glycerin  in  sealed  tubes. 

Benic  or  Beh.en.ic  Acid,  C22H4402,  is  obtained,  together 
with  other  acids,  by  saponification  of  oil  of  ben,  the  oil  expressed 
from  the  fruits  of  Moringa  Nux  Behen.  It  is  a  white  crystalline 
fat,  melting  at  76°,  and  solidifying  at  70°. 

Cerotic  Acid,  C27H5402. — This  acid  is  the  essential  consti- 
tuent of  cerin,  the  portion  of  bees'- wax  which  is  soluble  in  boiling 
alcohol.  It  is  prepared  by  heating  the  wax  several  times  in  suc- 
cession with  boiling  alcohol,  till  the  deposit  which  forms  on  cool- 
ing melts  at  70°  or  72°,  and  may  be  further  purified  by  precipitat- 
ing it  from  the  boiling  alcoholic  solution  with  lead  acetate, 
decomposing  the  precipitate  with  strong  acetic  acid,  and  crystal- 
using  the  separated  acid  from  boiling  alcohol.  Cerotic  acid  is  also 
produced  by  the  dry  distillation  of  Chinese  wax,  which  consists  of 
ceryl  cerotate,  C27H56.C27H6302,  or  by  melting  that  substance  with 
potash,  and  decomposing  the  resulting  potassium-salt  with  an  acid 
(p.  611). 

Pure  cerotic  acid  crystallises  in  small  grains,  melting  at  78°, 
and  distilling  without  alteration.  Chlorine  converts  it  into  chlo- 
•'"-■'Totic  arid,  C27H42C11202,  a  thick  transparent  gum  of  a  pale 
yellow  colour. 

Ceryl  cerotate,  or  Cliinese  wax^  is  produced  on  certain  trees  in 
China,  by  the  puncture  of  a  species  of  coccus.  It  is  crystalline,  of 
11  dazzling  whiteness,  like  spermaceti,  melts  at  82° ;  dissolves  in 
alcohol ;  yields  cerotic  acid  and  cerylene,  C27Hfi4,  by  dry  distilla- 
tion.   It  is  used  in  China  for  making  candles. 
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Melissic  Acid,  C30Hfl0O2 ,  the  highest  known  member  of  the 
fatty  series,  is  obtained  by  heating  myricyl  alcohol  (p.  611)  with 
potash  lime : 

C30H62O2    +    KOH    =    KC30H59O2    +  2H2 

It  bears  considerable  resemblance  to  cerotic  acid,  but  melts  at  a 
higher  temperature,  viz.,  at  88°  or  89°.  The  silver-salt,  AgC30H59O2, 
is  a  white  precipitate. 


Monatomic  Acids  of  the  Series  CnH2n— 2O2. — Acrylic  Series. 

This  series  comprises  two  isomeric  groups  of  acids :  the  one  con- 
sisting of  acids  occurring  in  the  vegetable  or  animal  organism,  or 
obtained  from  natural  products  by  special  processes ;  the  other  of 
acids  formed  by  a  general  synthetical  process :  we  shall  designate 
the  acids  of  the  first  group  as  normal  acrylic  acids,  those  of 
the  second  as  isoacrylic  acids. 


Normal  Acrylic  Acids. 

The  following  are  the  known  acids  of  this  group  : — 
C3H402 


Acrylic  acid, 
Crotonic  acid,  . 
Angelic  acid, 
Pyroterebic  acid, 
1  Damaluric  acid, 
1  Daniolic  acid,  . 
Moringic  acid, 
Cimicic  acid, 


C4H8  02 
C5  H8  02 
Co  H10O2 

Ci3H2402 
CisH2802 


Physetoleic  acid,  ~) 
Hypogseic  acid,  > 
Gaidic  acid, 
Oleic  acid, 
Elaidic  acid, 
Doeglic  acid,  . 
Brassic  acid,  ) 
Erucic  acid,  J 


Ci6H30O2 


CisH3402 
C22H4o02 


Most  of  these  acids  are  oily  liquids.  When  fused  with 
potassium  hydrate,  they  yield  the  potassium-salt  of  acetic  and  ol 
another  acid  of  the  fatty  series,  with  elimination  of  hydrogen, 
thus : 


C3H402 

+  2KOH  = 

C2H3K02 

+  CHKO, 

+  H, 

Acrylic 

Acetate. 

Formate. 

acid. 

C6H802 

+  2KOH  = 

C2H3KOa 

+  C3H5K02 

+  H2 

Angelic 

Acetate. 

Propionate. 

acid. 

Cl8H3402 

+  2KOH  = 

C2H3K02 

+  C16H31K02 

+  H2 

Oleic  acid. 

Acetate. 

Palmitate. 

Generally : 

OHsn-aO 

2  +  2KOH  = 

C2H3K02 

+  C„-2Hsn-«K02 

+  H2 
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They  are  also  converted  into  fatty  acids  by  the  action  of  nascent 
hydrogen  ;  e.g.,  crotonic  into  butyric  acid,  C4H802. 

Acrylic  Acid,  C3H402,  is  produced  by  the  oxidation  of  its 
aldehyde,  acrolein,  C3H40,  with  moist  silver  oxide.  It  is  a  colour- 
less liquid,  having  a  slightly  empyreuniatic  odour,  and  raiscible 
in  all  proportions  with  water.  Its  salts  resemble  the  formates  and 
acetates,  and  are  for  the  most  part  very  soluble  in  water. 

Acrylic  acid  is  converted  by  nascent  hydrogen  into  propionic 
acid,  C3H0O9,  and  by  bromine  into  dibromopropionic  acid, 
C3H4Br202. 

Crotonic  Acid,  C4H602,  is  produced  by  treating  chloracetic 
acid  -with  chlorethylidene  and  metallic  silver : 

C2H3C102  +  C2H3C1  +  Ag2   =   2AgCl  +  C4Ha02 

It  was  formerly  said  to  be  formed  by  saponification  of  the  oil  of 
Croton  Tiglium;  but  from  recent  experiments  by  Geuther,  it  appears 
that  tins  process  does  not  yield  any  acid  having  the  composition, 
C4H602,  but  only  acetic  acid,  with  two  or  three  of  its  homologues, 
and  some  of  the  higher  members  of  the  acrylic  series. 

Crotonic  acid  is  an  oily  liquid,  having  a  somewhat  pungent 
odour  and  an  acrid  taste,  moderately  soluble  in  pure  water,  in- 
soluble in  saline  water.  Heated  with  potassium  hydrate  it  gives 
off  hydrogen  and  forms  two  molecules  of  potassium  acetate : 

C4H602    +    2KOH    =    2C2H3K02    +  H2. 

Angelic  Acid,  C5H802,  exists  in  the  root  of  the  archangel 
(Angelica  archangelica),  and  in  sumbul  or  moschus  root,  a  drug 
imported  from  Asia  Minor,  and  probably  also  belonging  to  an 
umbelliferous  plant.  It  is  obtained  from  archangel-root,  by  boil- 
ing the  root  with  lime  and  water,  and  distilling  the  strained  and 
concentrated  liquid  with  dilute  sulphuric  acid.  It  is  also  produced 
by  heating  the  essential  oil  of  chamomile,  which  consists  of 
angelic  aldehyde  together  with  a  hydrocarbon,  with  potassium 
hydrate : 

C6H80    +    KOH    =    C5H7K02    +  H2. 

Also,  together  with  oreoselin,  by  treating  peucedanin  or  impera- 
torin  (a  neutral  substance  contained  in  the  root  of  Imperatoria 
Ostrulhium,  and  some  other  umbelliferous  plants),  with  alcoholic 
potash : 

+    KOH    =    C,H7K02    +  CrH0O2 

Peucedanin.  Potassium  Oreoselin. 

angelate. 

Aii^eUc  acid  crystallises  in  long  prisms  and  needles,  melts  at 
45°,  boils  at  190°,  and  distils  without  decomposition.  It  has  an 
aromatic  taste  and  odour,  dissolves  sparingly  in  cold,  abundantly 
in  hot  water,  also  in  alcohol  and  ether. 
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The  angelates  of  the  alkali-metals  are  soluble  in  water  and  in 
alcohol.  Calcium  angelate,  Ca".(Cr)H70,)„.aq.,  forms  shining,  very 
soluble  lamina;.  The  lead-salt,  Pb,;(C6Hj02)2,  is  a  white  precipitate. 

Potassium  angelate  treated  with  phosphorus  oxychloride  yields 
angelic  oxide,  or  anhydride,  (C5H70)20,  which  is  a  viscid  uncrystal- 
lisable  oil,  boiling  at  240°. 

Pyroterebic  acid,  C6H10O2,  is  produced  by  dry  distillation 
of  terebic  acid,  C7H1904  (one  of  the  products  of  the  action  of  nitric 
acid  on  turpentine  oil.  It  is  a  liquid,  boiling  at  210°. — Damalu- 
ric  acid,  C7H1202,  and  Damolic  acid,  C13H2402,  are  volatile 
acids,  said  to  exist  in  the  urine  of  cows  and  horses. — Moringic 
acid,  C15H2802,  is  an  oily  acid  obtained,  together  with  palmitic, 
stearic,  and  benic  acids,  by  the  saponification  of  oil  of  ben  (p.  695). 
-Cimicic  acid,  is  a  yellow  crystallisable  acid,  having  a  rancid 
odour,  extracted  by  alcohol  and  ether  from  a  kind  of  bug  (Rhaphi- 
gaster  punctipennis). 

Hypogseic  Acid,  C1GH30O2,  is  contained,  as  a  glyceride, 
together  with  palmitin  and  arachin,  in  oil  of  earth-nut  (Arachis 
hypogcea).  To  obtain  it,  the  mixture  of  fatty  acids  obtained  by 
saponifying  the  oil,  is  dissolved  in  alcohol ;  the  palmitic  and  arachi- 
dic  acids  are  precipitated  by  ammonia  and  magnesium  acetate; 
the  filtrate  is  mixed  with  ammonia  and  lead  acetate ;  the  lead  pre- 
cipitate is.  decomposed  by  hydrochloric  acid ;  and  the  separated 
hypogseic  acid  is  dissolved  out  by  ether.  It  is  also  produced  by  oxi- 
dation of  axinic  acid  (C18H2802),  an  acid  obtained  by  saponification 
of  age  or  axin,  a  fatty  substance  contained  in  the  Mexican  plant 
Coccus  Axin. — Hypogseic  acid  crystallises  from  ether  in  stellate 
groups  of  needles,  melting  at  34°  or  35°,  easily  soluble  in  alcohol 
and  ether.  Its  potassium  and  sodium  salts  are  soluble  in  water, 
the  barium  salt  is  soluble  in  hot,  insoluble  in  cold  water ;  the 
copper  and  silver  salts  are  obtained byprecipitation.  The  ethylic  ether, 
C2H5.C16H2902,  is  a  yellow  oil,  not  volatile  without  decomposition. 

Nitrous  acid  converts  hypogseic  acid  into  the  isomeric  or  allo- 
tropic  compound,  Gaidic  acid,  related  to  it  in  the  same  manner 
as  elaidic  acid  to  oleic  acid.  It  forms  a  colourless  crystalline  mass 
which  melts  at  38°. 

Physetoleic  acid,  a  crystalline  acid  obtained  from  sperm- 
oil  ;  is  isomeric,  if  not  identical,  with  hypogseic  acid ;  it  melts  at 
30°,  and  solidifies  at  28°. 

Oleic  Acid,  C18H3402.— This  acid,  the  most  important  of  the 
series,  is  obtained  by  saponification  of  olein,  the  fluid  constituent 
of  most  natural  fats  and  fixed  oils. 

To  obtain  pure  oleic  acid,  olive  or  almond  oil  is  saponified  with 
potash ;  the  soap  is  decomposed  by  tartaric  acid ;  and  the  separated 
Fatty  acid,  after  being  washed,  is  heated  for  some  hours  in  the 
water-bath,  with  half  its  weight  of  lead  oxide  previously  reduced 
to  fine  powder.    The  mixture  is  then  well  shaken  up  with  about 
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twice  its  bulk  of  ether,  which  dissolves  the  oleate  of  lead,  and 
leaves  the  stearate ;  the  liquid  after  standing  for  some  time  is 
decanted  and  mixed  with  hydrochloric  acid ;  the  oleic  acid  thereby 
eliminated  dissolves  in  the  ether,  and  the  ethereal  solution  which 
rises  to  the  surface  of  the  water  is  decanted,  mixed  with  water, 
and  freed  from  ether  by  distillation. 

Large  quantities  of  crude  oleic  acid  are  now  obtained  in  the 
manufacture  of  stearin-candles,  by  treating  with  dilute  sulphuric 
acid  the  lime-soap  resulting  from  the  action  of  lime  upon  tallow. 
The  fatty  acids  resulting  from  the  decomposition  are  washed  with 
hot  water,  and  solidify  in  a  mass  on  cooling ;  and  this  mass,  when 
subjected  to  pressure,  yields  a  liquid  rich  in  oleic  acid,  but  still 
retaining  a  considerable  quantity  of  stearic  acid.  After  remain- 
ing for  some  time  in  a  cold  place,  it  deposits  a  quantity  of  solid 
matter,  and  the  liquid  decanted  from  this  is  sent  into  the  market  as 
oleic  acid  or  red  oil.  It  may  be  purified  by  the  process  just  described. 

Oleic  acid  crystallises  from  alcoholic  solution  in  dazzling  white 
needles,  melting  at  14°  to  a  colourless  oil,  which  solidifies  at  4°  to 
a  hard,  white,  crystalline  mass,  expanding  considerably  at  the 
same  time.  Specific  gravity  =  0-898  at  19°.  The  acid  volatilises 
in  a  vacuum  without  decomposition.  It  is  tasteless  and  inodorous, 
and  reacts  neutral  when  unaltered  (not  oxidised),  also  in  alcoholic 
solution.  It  is  insoluble  in  water,  very  soluble  in  alcohol,  and 
dissolves  in  all  proportions  in  ether.  Cold  strong  sulphuric  acid 
dissolves  it  without  decomposition.  It  dissolves  solid  fats,  stearic 
acid,  palmitic  acid,  &c,  and  is  dissolved  by  bile,  with  formation 
of  a  soap  and  strong  acid  reaction. 

Oleic  acid,  in  the  solid  state,  oxidises  but  slowly  in  the  air ;  but 
when  melted,  it  rapidly  absorbs  oxygen,  acquiring  a  rancid  taste 
and  smell  and  a  decided  acid  reaction.  Its  decomposition  by 
fusion  with  potash  has  been  already  mentioned.  Chlorine  and 
bromine,  in  presence  of  water,  convert  it  into  dichloroleic  and  dibro- 
moleic  acid.  Bromine,  added  by  drops  to  fused  oleic  acid,  forms 
triltromoleic  acid,  C18H31Br302. 

_  Strong  nitric  acid  attacks  oleic  acid  with  violence,  giving  off  red 
nitrous  vapours,  and  producing  volatile  acids  of  the  series  CHanO*, 
viz.,  acetic,  propionic,  butyric,  valeric,  caproic,  oenanthylic, 
caprylic,  pelargonic,  and  rutic  acids ;  also  fixed  acids  of  the  series 
< 'ntl-in— 4O2,  viz.,  suberic,  pimelic,  adipic,  lipic,  and  azelaic  acids, 
the  number  and  proportion  of  these  products  varying  with  the 
duration  of  the  action. 

Nitrous  acid  converts  oleic  acid  into  a  solid  isomeric  or 
allotropic  modification,  called  elaidic  acid. 

Oleates.— The  formula  of  the  neutral  oleates  is  M'G\8H330„,  or 
M"(f'|,ir.lS02)2,  according  to  the  equivalence  of  the  metal:  there 
are  likewise  acid  oleates.  The  neutral  oleates  of  the  alkali-metals 
are  soluble  in  water,  and  not  so  completely  precipitated  from  their 
solutions  by  the  addition  of  another  soluble  salt,  as  the  stearates 
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and  palmitates.  The  acid  oleates  are  liquid  and  insoluble  in 
water.  The  oleates  dissolve  in  cold  absolute  alcohol  and  in  ether, 
a  property  by  which  they  may  be  distinguished  and  separated 
from  the  stearates  and  palmitates. 

Oleins. — Oleic  acid  forms  three  glycerides,  viz.,  monolein, 
(C3H)5"'(OH)2C,8H3302);  diolein,  (G3R&Y"(0H)(G1SHZ302)2;  andtri- 
olein,  (C3H6)"'(C18H3302)3,  which  are  produced  by  heating  oleic  acid 
and  glycerin  together  in  sealed  tubes,  in  various  proportions.  The 
first  two  solidify  at  about  15°. 

The  olein  of  animal  fats,  of  olive  oil,  and  of  several  other  oils, 
both  animal  and  vegetable,  which  do  not  dry  up  in  the  air  by  slow 
oxidation,  but  are  converted  into  viscid  masses,  having  a  rancid 
odour  and  acid  reaction  (non-drying  oils),  appears  to  be  identical 
with  triolein,  but  there  is  great  difficulty  in  obtaining  it  pure. 
Olive  oil,  cooled  to  4°  or  a  lower  temperature,  deposits  a  large 
quantity  of  solid  fat,  consisting  mainly  of  palmitin  (originally 
called  margarin,  from  its  pearly  lustre),  and  the  oil  filtered  there- 
from consists  mainly  of  olein.  A  purer  olein  is  obtained  by  treat- 
ing olive  oil  with  a  cold  strong  solution  of  caustic  soda,  which 
saponifies  the  solid  fats,  and  leaves  the  olein  unaltered.  Olein, 
subjected  to  dry  distillation,  yields  gaseous  products,  liquid  hydro- 
carbons, acrolein,  and  sebic  acid. 

Some  non-drying  oils  contain  the  glycerides  of  acids  homologous 
with  oleic  acid ;  such  is  the  already  observed,  with  croton 

oil,  earth-nut  oil,  and  sperm  oil.  Doegling  train-oil,  obtained  from 
the  doegling  or  bottle-nosed  whale  (Balmna  rostrata),  yields 
doeglic  acid,  C1BH3602.  Colza-oil,  obtained  from  the  seeds  of 
certain  species  of  Brassica,  especially  the  summer  rape  or  colza, 
Brassica  campestris,  var.  oleifera,  yields  brassic  acid,  C22H4202; 
and  the  oil  of  black  mustard-seed  yields  a  similar  and  probably 
identical  acid,  called  erucic  acid. 

Drying  oils,  such  as  linseed  and  poppy  oils,  and  castor-oil,  which 
is  a  non-drying  oil,  contain  the  glycerides  of  acids  belonging  to 
other  series,  which  will  be  noticed  hereafter. 

Iso-acrylic  Acids. 

Acids  isomeric  with  the  natural  acrylic  acids  are  produced  by 
abstraction  of  the  elements  of  water  from  certain  acid  ethers, 
having  the  composition  of  oxalic  acid  in  which  one  atom  of  oxygen 
is  replaced  by  two  equivalents  of  an  alcohol-radical  of  the  series, 
CnH2n+l ; 

CH3  CH2CH3  CH2CH3 

HO— C  =  0  HO— C— CH3  HO— C— CH,  HO— A— CH2CHS 
HO— A=0    HO— C  =  0       HO— C=0  HC — C=0 

Oxalic  acid.        Dimethoxalic  Ethometh-  Diethoxalic 

acid.  oxalic  acid.  acid. 
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Now,  when  the  ethylic  ethers  of  these  acids  are  treated  with 
phosphoric  oxide  or  phosphorus  trichloride,  they  give  up  a  mole- 
cule of  water  (H20),  at  the  expense  of  one  of  the  molecules  of 
hydroxyl  (OH)  and  of  an  atom  of  hydrogen  abstracted  from  one 
of  the  monad  alcohol-radicals,  which  is  thereby  converted  into  a 
dyad  radical  (an  define)  capable  of  saturating  the  unit  of  equiva- 
lence of  the  carbon-atom  set  free  by  abstraction  of  the  hydroxy]. 
The  product  is  the  ethylic  ether  of  an  iso-acrylic  acid ;  thus, 

CH, 


HO— C— CH3 
H5C20-i=0 

Ethylic  dimeth- 
oxalate. 


—  H90 


H2C: 


zC — CHQ 


H5C20— CzzO 

Ethylic  methyl- 
acrylate. 


The  ethylic  ether  thus  formed  is  converted  into  methacrylic  acid 
by  saponification  with  potash  in  the  usual  way.  In  this  manner 
the  following  iso-acrylic  acids  have  been  obtained  : 

C(CH3)(CH2)" 

isomeric  with  Crotonic  acid  ; 

COOH 


Methacrylic  acid, 
Methylcrotonic  acid, 


Ethylcrotonic  acid, 


C(CH3)(C2H4)" 
COOH 

C(C2H5)(C2H4f 


COOH 


Angelic  acid : 


Pyroterebic  acid. 


The  iso-acrylic  acids,  when  fused  with  potassium  hydrate,  are 
converted,  like  the  normal  acrylic  acids,  into  two  acids  of  the 
acetic  series.  The  dyad  radical  of  the  iso-acrylic  acid  is  displaced 
by  two  atoms  of  hydrogen  derived  from  two  molecules  of  potassium 
hydrate,  (2KOH),  and  enters  into  combination  with  two  atoms  of 
oxygen  ;  and  at  the  same  time  the  two  atoms  of  potassium  displace 
the  basic  hydrogen-atoms  of  the  two  acids  thus  produced,  convert- 
ing them  into  potassium-salts,  and  expelling  the  hydrogen  as  gas ; 
thus  ; 

C(CH2)"CH3 

+  2KOH 

CC  " 


CH2CH3 


:ooh 

Methacrylic 
acid. 


C(C2H4)"CH3 
COOH 

Methyl-cro- 
tonic  acid. 


A 


+  2KOH  = 


OOK 

Propionate. 


CH2CH3 

COOK 
Propionate. 


+ 


H 

i 


OOK 

Formate. 


+  H2 


(Ml, 


A 


OOK 
Acetate. 


+  H2 
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C(C2H4)"C2H5  CH2C2H5  CH3 

J  +  2KOH  =1  +|  +  H2 

COOH  COOK  COOK 

Ethyl-cro-  Butyrate.  Acetate, 

tonic  acid. 

The  normal  acrylic  acids  are  decomposed  by  potash  in  a  similar 
manner,  yielding  two  acids  in  the  series  CnH2n02 ;  hut  one  of 
these  is  always  acetic  acid.    Hence  it  is  inferred  that  they  have  a 

C(CnH2n)"H 

constitution  represented  by  the  formula  ,  and  that 

COOH 

their  decomposition  by  potash  is  represented  by  the  equation : 


C(C„H2n)"H  CH3  Cn-lHon-l 

+  2H20   =|  +1  +  H2 

OOH  COOH  COOH 

Iso-acrylic  Acetic  Homologue  of 

acid.  acid.  acetic  acid. 


The  formulae  of  the  individual  acids  are  as  follow : 
CH(CH2)"   CHtCjHJ"   CH(C3H6)"   CH(C4H8)"  CR(CWR^ 

COOH        COOH         COOH         COOH  COOH 

Acrylic.  Crotonic.  Angelic.  Pyroterebic.  Oleic. 

It  is  easily  seen  from  these  formulas  that  crotonic  acid,  when 
decomposed  by  an  alkali,  must  yield  two  molecules  of  acetic  acid ; 
and  that  the  other  acids  above  formulated  must  yield  acetic 
acid  together  with  formic,  propionic,  butyric,  and  palmitic  acids 
respectively. 

The  rational  formula  of  crotonic  acid  is  confirmed  by  its  mode 
of  formation  from  chloracetic  acid  and  chlorethylidene  : 

CH2C1         CH2C1  CH(C9H4)" 
|  +|        +    Ag2    =    2AgCl    +  | 

COOH         CH  COOH 

An  acid  called  «-crotonic  acid,  isomeric  with  crotonic  acid, 
but  differing  from  methacrylic  acid,  is  formed  by  heating  allyl 
cyanide  with  potash : 

CH(CH2)"  CH(CH2)" 

CH,  +    2H.0    =    NH,    +  CH2 

I  "  1 

CN  COOH 

Allyl  cyanide.  ct-Crotonic  acid. 

The  constitution  of  the  three  isomeric  acids,  C4H0O2,  may  be 
more  fully  represented  as  follows : — 
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CH3 


i 


H 

II 

OH 
COOH 

Crotonic. 


II 

/"ITT 
Oil., 

II  " 

II 

OH 

C— CH3 

OH2 

COOH 

\ 

COOH 

a-Crotonic. 

Meihacrylic. 

DIATOMIC  ACIDS. 


These  acids  are  derived  from  diatomic  alcohols  by  substitution 
either  of  0  for  H2,  in  which  case  they  contain  three  atoms  of 
oxygen  and  are  monobasic,  or  by  substitution  of  0„  for  H4  in 
which  case  they  contain  four  atoms  of  oxygen  and  are  bibasic.  ' 

The  relation  between  the  saturated  hydrocarbons,  the  o-lycols 
and  the  diatomic  acids,  is  shown  in  the  following  table  :  ° 


L1o 

Diatomic  Acids. 


Hydrocarbons.          Glycols.  Monobasic.  Bibasic. 

CnH2n+2        CnHan+202  CnH2„03  CnH2n_204 

CnH2ll             CnH2n02  CnHnn_203  CnH2n-404 

OnH2n_2        CnH2n-202  CnH2n_403  CnH2n_G04 

CnH2n-4        CnH2n_402  CnH2n_603  0nH2n_804. 

&c.  &c. 


Diatomic  and  Monobasic  Acids. 
1.— Lactic  Series,  CnH2n03. 

The  acids  of  this  series  may  be  divided  into  two  groups  dis- 
tinguished as  normal  lactic  acids  and  isolactic  acids.'Thc 
known  members  of  the  series  are: 

Glycollic  or  Oxyacetic  acid,  C^O.,. 

Lactic  or  Oxypropionic  acid,  03HnOr 

Oxybutyric  arid,  C4H803,  and  its  isomeride,  Dimethoxalic  acid. 
Uxyvalenc  acid,  C3H]0O3,  and  its  isomeride,  Ethomethoxalic 
acid. 

Lencic  or  Oxycaproic  acid,  C0H12O3,  and  its  isomeride,  Diethox- 
auc  acid. 

Arid,  homologous  with  dimethoxalic  acid,  and  containing  7,  !), 
and  t^  hi,, in h  „f  carbon,  have  also  been  obtained. 

1  he  normal  lactic  acids  correspond  to  the  diatomic  alcohols 
Homologous  with  ethenic  alcohol  (glycol);  thus: 
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Cn-lH2n_2OH  Cn-lH2n-20H 


i 


!H2OH  COOH 

Diatomic  Normal  acid  of 

alcohol.  lactic  series. 

If  in  the  second  formula  we  make  n  successively  equal  to  1,  2,  3, 

&c,  we  get  the  series  : 

OH         CH2OH         C2H4OH  C3HcOH 

I  I  1  I  &c- 

COOH     COOH  COOH  COOH 

Carbonic       Glycollic  Lactic  Oxybutyric 

acid.  acid.  acid.  acid. 

Carbonic  acid  is,  however,  a  hibasic  acid,  for  reasons  which  will 
be  explained  further  on,  and  will  be  considered  by  itself. 
The  normal  lactic  acids  are  produced  : 

1.  From  the  glycols,  by  slow  oxidation  in  contact  with  platinum 
black,  or  by  the  action  of  dilute  nitric  acid.  The  higher  glycols, 
however,  are  partly  split  up  by  oxidation,  part  of  their  carbon  as 
well  as  hydrogen  being  oxidised,  and  a  lower  acid  of  the  series 
produced  ;  thus  amylene  glycol  yields  oxybutyric  instead  of  oxy- 
valeric  acid. 

2.  By  the  action  of  moist  silver  oxide  on  the  monochlormated 
or  monobrominated  fatty  acids  (p.  668),  e.g.: 

C3H6C102    +    AgHO    =    AgCl    +  C3HG03 

Chloropro-  Lactic 
pionic  acid.  aC1"- 
By  the  action  of  nitrous  acid  on  the  amidated  derivatives  of  the  . 
fatty  acids : 

C2H5N02    +    HN02    =    C2H403    +    02H    +  N2 

Amidacetic  acid  Glycollic 
(glycocine).  acid. 

The  Isolactic  acids  are  represented  by  the  general  formula, 

C(C„H2n+i)2OH  „■         ,  . 

.—They  are  obtained  in  the  form  of  ethers  by  the 

COOH 

action  of  the  zinc-compound  of  an  alcohol-radical,  CnH2n+i,  on  a 
neutral  ether  of  oxalic  acid  containing  a  radical  of  the  same  series, 
such  as  diethylic  oxalate.  The  reaction  consists  in  the  replace- 
ment of  an  atom  of  oxygen  in  the  oxalic  ether  by  two  equivalents 
of  alcohol-radical,  and  the  simultaneous  replacement  of  an  equiva- 
lent of  ethyl,  methyl,  &c,  in  the  oxalic  ether  by  an  equivalent* 
of  zinc,  whereby  an  ether  of  zinc-diethoxalic  acid,  &c,  is  pro- 
duced, which  by  certain  obvious  transformations  may  be  converted 
into  the  required  acid ;  thus : 

*  To  simplify  the  equations,  we  have  made  use  of  the  equivalent  (32"5) 
instead  of  the  atom  (G5)  of  zinc,  denoting  it  by  the  symbol  Zn'. 
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COOCH, 

I 

COOCH3 

Dimethylic 
oxalate. 

C(C2H5)2OZn' 

ioocH3 

Methylic  zinco- 
diethoxalate. 


+    2Zn'C2H5  =  Zn'(CH3)0 


+ 


Zinc 
methlde. 


HOH 
Water. 


Zinc 
methylate. 


C(C2Hfi)2OZn' 

+  Aooch3 

Methylic  zinco- 
dlethoxalate. 


Zn'HO  + 


Zinc 
hydrate. 


C(C2H5)2OH 
OOOCH3 

Methylic 
diethoxalate. 


_  The  methylic  diethoxalate  is  easily  decomposed  by  baryta- water, 
yielding  methyl  alcohol  and  barium  diethoxalate : 

C(C2H5)2OH  qOHAOH 

'OOPTT         +    Ba,H0       =    CH3(0H)    +  I 
COOCH3  COOBa' 

And  this  salt  decomposed  by  sulphuric  acid  yields  diethoxalic 
C(C2H5)2OH 
acid,  I  isomeric  with  leucic  acid. 

COOH 

In  the  first  stage  of  the  process  it  is  found  best  to  use  a  mixture 
of  ethyl  iodide  with  metallic  zinc,  which  produces  zinc-ethide, 
instead  of  the  latter  compound  previously  prepared.  The  other 
isolactic  ethers  are  prepared  in  a  similar  manner. 

The  acids  of  either  group  are  reduced  by  hydriodic  acid  to  the 
corresponding  acids  of  the  acetic  series ;  e.g.,  lactic  to  propionic 

&C1C1  .' 

C3H603    +    2HI    =    C3HG02    +    H20    +  L, 

The  ethereal  salts  of  the  isolactic  acids  are  converted  by  phos- 
phorus trichloride  or  pentoxide,  into  ethers  of  the  iso-acrylic  acids 
(p.  701)  ;  the  ethereal  salts  of  the  normal  lactic  acids  do  not 
exhibit  this  reaction. 

The  normal  lactic  acids,  when  heated,  give  up  a  molecule  of 
water,  and  are  converted  into  oxygen-ethers  or  anhydrides  :  e.q., 
lactic  acid  into  lactide : 


C3HG03 


H20  = 


C3H402 . 


Two  molecules  of  a  normal  lactic  acid  may  also  be  deprived  of  a 
molecule  of  water,  thereby  producing  a  condensed  acid  analogous 
to  the  polyethenic  alcohols  ;  lactic  acid,  for  example,  yieldinE 
dilactic  acid,  C0H10O6 : 


2C3H0O3 


H„0 


C8H10O8 


CH,OH 


Glycollic  Acid,  C2H„03  =  .—This  acid  is  pro- 

I  .  COOH 

auced  in  a  variety  of  reactions,  several  of  which  have  been  alrcady 

2  Y 
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mentioned,  viz.,  the  oxidation  of  glycol  by  contact  with  platinum 
black  or  by  treatment  with  dilute  nitric  acid  ;  the  decomposition 
of  glycocine  by  nitrous  acid  ;  the  action  of  water  or  alkalis  on 
bromacetic  and  chloracetic  acid,  or  their  salts  (pp.  668,  681),  e.g., 
by  boiling  silver  bromacetate  with  water  : 

C2H2BrAg02   +    H20    =    AgBr    +  C2H403. 
It  is  also  produced :  «.  By  the  action  of  alkalis  oq  glyoxal  and 
glyoxylic  acid : 

C2H202      +      H20       =  C2H403 

Glyoxal.  Clycollic  acid. 

2C2H404     =     C2H204     +     C2H403     +  H20. 
Glyoxylic  Oxalic  Glycollic 

acid!  acid.  acid. 

0.  Together  with  glyoxal,  glyoxylic  acid,  and  other  products  by 
the  action  of  nitric  acid  upon  alcohol. 

y.  By  the  action  of  nascent  hydrogen  (evolved  by  zinc  and  sul- 
phuric acid)  upon  oxalic  acid  : 

C2H204     +     2H2     =     H20     +  C2H403. 

Glycollic  acid  differs  somewhat  in  its  properties,  according  to 
the  manner  in  which  it  is  prepared,  being  sometimes  syrupy  and 
uncrystallisable,  sometimes  separating  from  its  solution  m  ether  in 
laro-e  regular  crystals.  It  has  a  very  sour  taste,  dissolves  easily  in 
water,  alcohol,  and  ether  ;  melts  at  78°  or  79°  ;  begins  to  boil  at 
100° ;  decomposes  when  heated  to  above  150°.  All  the  glycollates 
■  are  more  or  less  soluble  and  crystallisable. 

Diglycollic  acid,  C,He06  =  2C2H403  -  H20  also  called 
ParaZialic  acid.— This  acid,  isomeric  with  malic  acid  and  related 
to  glycollic  acid  in  the  same  manner  as  diethemc  alcohol  to  glycol, 
is  produced  by  the  dehydration  of  glycollic  acid  and  by  the 
oxidation  of  diethenic  or  triethenic  alcohol.  It  is  also  formed  in 
the  preparation  of  glycollic  acid  by  heating  sodium  chloracetate 
with  caustic  soda,  which  in  fact  is  the  process  by  which  it  was  nrsi 
obtained : 

C2H3C102  +  2NaHO  =  NaCl  +  H20  +  C2H3Na03 
cUcetic2  Sod=iy- 


acid. 


CoH3C102     +     C2H3Na03     =     NaCl    +  C4H606 

Chiomcetic2  Vdium  Diglycollic 

acid.  glycollate.  acm- 

Diflvcollic  acid  is  a  crystalline  bibasic  acid,  forming  with  uni- 
valent "metals,  acid  salts  containing  C4H5M'Of),  and  normal  salts, 
CH,M205;  with  bivalent  metals  it  forms  only  normal  saws, 

cXm"o5. 
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C2H4OH        ( C,H4OH 
Lactic  Acid,  C3Hc03  =1  or  C    0"        .  —  Of  this 

COOH  ( OH 

acid  there  are  two  modifications:  one  called  ordinary  lactic 
.  acid,  produced  by  a  peculiar  fermentation  of  sugar;  the  second, 
called  parallactic  or  sarcolactic  acid,  existing  in  muscular 
iiesh.  The  difference  of  constitution  between  these  two  acids  is 
represented  by  the  following  formulae  : 

CH3  CH2OH 

CHOH  Ah. 

I  1 
COOH  COOH 

Ordinary  lactic  Paralactic  acid, 

acid. 

Ordinary  lactic  acid,  or  ethylidene-lactic  acid,  is  also  produced 
by  the  first  three  general  methods  given  on  page  704,  viz.,  by  the 
slow  oxidation  of  propene  glycol ;  by  the  action  of  moist  silver 
oxide  on  chloro-propionic  or  bromo-propionic  acid ;  and  by  the 
action  of  nitrous  acid  on  alanine ;  further,  by  the  following  special 
processes : 

a..  By  the  action  of  nascent  hydrogen  on  pyruvic  acid  : 

C3H403   +   H2    =  C3H603. 

A  By  the  action  of  hydrocyanic  acid  and  water  on  acetic  alde- 
hyde : 

CH3— CO"H   +   CNH    =    CH3-CHOH— ON 

Aldehyde.  Hydrocyanic  Unknown  intermediate 

acid.  compound. 

CH3-CHOH-CN  +  2H20  =  NH3  +  CH3— CHOH-COOH 

Intermediate  Lactic  acid, 

compound. 

Paralactic  or  ethylene-lactic  acid  is  produced: — 1,  By  heatino- 
ethene  chlorohydrate  with  an  alcoholic  solution  of  potassium 
cyanide,  and  boiling  the  resulting  ethene  cyano-hydrate  with 
caustic  potash,  whereupon  ammonia  is  given  off,  and  potassium 
paralactate  is  produced : 

CH20H-CH2C1  +  KCN  =  KC1  +  CH2OH-CH2CN 

Ethene  chlor-  Etllenc  c  no_ 

hydrate.  hydrate. 

CH3OH— CHjCN  +  2H20  =  NH3  +  CH2OH-CH2— COOH 

Ethene  cyano-  Paralactic 
hydrate.  ncid. 

2.  By  combining  ethene  with  carbonyl  chloride,  whereby  para- 
lactyl  chloride  ia  produced,  and  decomposing  this  chloride  with 
an  alkali: 
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■     CH2=CH2   +   COCl2    =  CH2C1-CH2-C0C1 

Ethene.  Paralactyl  chloride. 

CH2C1-CH2-C0C1  +  2HOH  =  2HC1  + CH2OH-CH2-COOH 

Paralactyl  chloride.  Paralactic  acid. 

Paralactic  acid  is  extracted  from  muscular  flesh  by  cold  water 
or  dilute  alcohol.  ,  # 

Preparation  of  ordinary  lactic  acid  by  Fermentation. — Various 
lands  of  sugar,  and  dextrin,  when  subjected  to  the  action  of  parti- 
cular ferments,  are  converted  into  lactic  acid,  the  change  consist- 
ing in  a  resolution  of  the  molecule,  preceded  in  some  cases  by  the 
assumption  of  the  elements  of  water : 

C„H1206  =  2C3H603 

Glucose.  Lactic  acid. 

C12H22On    +    H20     =  4C3H603 

Milk  sugar.  Lactic  acid. 

This  lactous  fermentation  requires  a  temperature  between  20s  and 
40°  C.  (58°  and  104°  F.),  and  the  presence  of  water  and  certain 
ferments — viz.,  albuminous  substances  in  a  peculiar  state  of  decom- 
position, such  as  casein,  glutin,  or  animal  membranes,  especially 
the  coating  of  the  stomach  of  the  calf  (rennet),  or  of  the  dog,  or 
bladder.    According  to  Pasteur  and  others,  it  depends  upon  the 
presence  of  a  peculiar  fungus  Penicillium  glaucum  (p.  578).  The 
following  is  a  good  method  for  preparing  the  acid  in  considerable 
quantity : — 2  gallons  of  milk  are  mixed  with  6  pounds  of  raw 
sugar,  12  pints  of  water,  8  ounces  of  putrid  cheese,  and  4  pounds  of 
chalk,  which  should  be  mixed  up  to  a  creamy  consistence  with 
some  of  the  liquid.    This  mixture  is  exposed  in  a  loosely  covered 
jar  to  a  temperature  of  about  86°  F.  (30°  C),  with  occasional  stir- 
ring.   The  use  of  the  chalk  is  to  neutralise  the  lactic  acid,  which 
would  otherwise  coagulate  the  casein,  render  it  insoluble,  and 
thereby  put  a  stop  to  the  process.    At  the  end  of  two  or  three 
weeks  it  will  be  found  converted  into  a  semi-solid  mass  of  calcium 
lactate,  which  may  be  drained,  pressed,  and  purified  by  re-crystal- 
lisation from  water.    The  lactate  may  be  decomposed  by  the  neces- 
sary quantity  of  pure  oxalic  acid,  the  filtered  liquor  neutralised 
with  zinc  carbonate,  and,  after  a  second  filtration,  evaporated 
until  the  zinc-salt  crystallises  out  in  cooling.    If,  in  the  first  part 
of  the  process,  the  solid  calcium  lactate  be  not  removed  at  the 
proper  time  from  the  fermenting  liquid,  it  will  gradually  redis- 
solve  and  disappear,  being  converted  into  soluble  butyrate  (p.  684). 
An  important  modification  of  this  process  consists  in  employing 
commercial  zinc-white  instead  of  powdered  chalk,  which  yields  at 
once  difficultly  soluble  zinc  lactate,  easily  purified  by  recrystalusar 
tion.    The  zinc  lactate  may,  lastly,  be  redissolved  in  water,  ami 
decomposed  by  sulphuretted  hydrogen,  in  order  to  obtain  the  free 
acid.    Together  with  the  lactic  acid  a  certain  quantity  of  maonlte 
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is  invariably  formed.  This  is  separated  by  agitating  the  concen- 
trated aqueous  solution  with  ether,  in  which  lactic  acid  alone  is 
soluble. 

Lactic  acid  may  be  extracted  from  a  great  variety  of  liquids 
containing  decomposing  organic  matter,  as  sauerkraut,  a  prepara- 
tion of  white  cabbage,  the  sour  liquor  of  the  starch-maker,  &c. 

Solution  of  lactic  acid  may  be  concentrated  in  the  vacuum  of 
the  air-pump,  over  a  surface  of  oil  of  vitriol,  until  it  appears  as  a 
colourless,  syrupy  liquid,  of  sp.  gr.  T215.  It  has  an  intensely  sour 
taste  and  acid  reaction:  it  is  hygroscopic,  and  very  soluble  in 
water,  alcohol,  and  ether.    All  its  salts  are  soluble. 

When  syrupy  lactic  acid  is  heated  in  a  retort  to  130°,  water 
containing  a  little  lactic  acid  distils  over,  and  the  residue  on  cool- 
ing forms  a  yellowish,  solid,  fusible  mass,  very  bitter,  and  nearly  m- 
solublein  water.  This  is  dilactic  aeid,  C6H10O5=2C3H6O3—  H20. 
Long-continued  boiling  with  water  re-converts  it  into  lactic  acid. 
When  this  substance  is  further  heated,  it  decomposes,  yielding 
numerous  products.  One  of  these  is  lactide,  or  lactic  anhy- 
dride, C3H402,  a  volatile  substance,  crystallising  in  brilliant, 
colourless,  rhombic  plates,  which,  when  put  into  water,  slowly 
dissolve,  with  production  of  lactic  acid. 

Lactide  combines  with  ammonia,  forming  laet  amide,  a  soluble 
crystallisable  substance  isomeric  with  alanine  or  amidopropionic 
acid  (p.  683).  The  difference  between  these  two  bodies,  and  their 
relatioa  to  lactic  acid,  are  exhibited  by  the  following  formulae : 

C2H4NH2  C2H4OH  C2H4OH 

AoOH  i()OH  ioNH2 

Alanine.  Lactic  acid.  Lactamide. 

Alanine  may  be  derived  from  lactic  acid  by  substitution  of  ami- 
dogen  for  the  alcoholic  hydroxyl  of  the  acid  (which  comes  to 
exactly  the  same  thing  as  replacing  an  atom  of  hydrogen  in  pro- 
pionic acid,  C3H602,  byamidogen) ;  accordingly  it  retains  an  atom 
of  basic  hydrogen,  and  therefore  reacts  as  an  acid  (laetarnic  or 
amidopropionic  acid) ;  but  in  lactamide  the  basic  hydroxyl  is 
replaced  by  amidogen,  and  therefore  the  compound  is  neutral. 

Another  product  of  the  action  of  heat  on  lactic  acid  is  lactone, 
a  colourless  volatile  liquid,  boiling  at  92-2°.  Acetone  is  also 
formed,  and  carbon  monoxide  and  dioxide  are  given  off.  Lactic 
acid,  boiled  with  dilute  nitric  aeid,  or  with  dioxide  of  lead  or 
barium,  is  converted  into  oxalic  acid.  Distilled  with  dilute  sul- 
phuric acid  and  dioxide  of  lead  or  manganese,  it  yields  a  large 
quantity  of  aldehyde,  together  with  carbon  dioxide.  Hydriodie 
acid,  or  a  mixture  of  phosphorus  tetroxide  and  water,  reduces  it 
to  propionic  acid,  with  liberation  of  iodine: 

C3H„03    +    2HI    =    C3H0O2    +    H20    +  I2- 


710       FATTY  GROUP  I  DIATOMIC  AND  MONOBASIC  ACIDS. 


Paralactic  acid  in  solution  or  in  the  syrupy  state  is  undistin- 
guishable  from  ordinary  lactic  acid.  When  heated  it  is  con- 
verted into  lactide,  which,  when  boiled  with  water,  yields  ordinary 
lactic  acid. 

Lactates. — The  best  defined  of  these  salts  are  represented  by 
the  formulae,  M'C3HflO..,  and  M"(C3H603)2.  Barium  and  calcium 
also  form  acid  lactates,"  e.g.  Ca'XC3H5O3)2.2Cr(H0O3.  The  lactates 
are,  for  the  most  part,  sparingly  soluble  in  cold  water,  and  effloresce 
rapidly  from  their  solutions :  they  are  all  insoluble  in  ether.  When 
heated  with  excess  of  strong  sulphuric  acid,  they  give  off  a  large 
quantity  of  pure  carbon  monoxide. 

The  paralactates  have,  for  the  most  part,  the  same  composition 
as  the  lactates ;  but  some  of  them  differ  in  form,  solubility,  and 
other  characters. 

Calcium  lactate,  Ca"(C3H503)2.5  aq.,  is  obtained  in  the  fermenta- 
tion process  above  described,  or  by  boiling  aqueous  lactic  acid  with 
calcium  carbonate.  It  dissolves  in  9 -5  parts  of  water  at  ordinary 
temperatures.  The  paralactate  contains  only  4  molecules  of  water, 
which,  however,  it  retains  longer  than  the  lactate,  and  requires  12 
parts  of  water  to  dissolve  it. — Zinc  lactate,  Zn"(C3H503)2.3aq., 
gives  off  its  water  quickly  at  100°,  dissolves  in  6  parts  of  boiling 
water,  in  5 -8  parts  of  cold  water,  and  is  nearly  insoluble  in  alcohol. 
The  paralactate  contains  only  2  molecules  of  crystallisation- water, 
which  it  retains  with  considerable  force.  It  dissolves  in  2-88  parts 
of  boiling,  57  parts  of  cold  water,  and  in  2"23  parts  of  alcohol, 
either  cold  or  boiling, — Ferrous  lactate  is  precipitated  in  small 
yellowish  needles  on  mixing  ammonium  lactate  with  ferrous  chlo- 
ride or  sulphate. — Ferric  lactate  is  a  brown  deliquescent  mass. 

Lactic  Ethers. — Lactic  acid,  like  the  other  members  of  the 
group,  can  form  three  different  ethers  containing  the  same  univa- 
lent alcohol-radical,  according  as  the  alcoholic  or  the  basic  hydro- 
gen-atom, or  both,  are  replaced ;  thus : 

C2H4OH      C2H4OC2H5      C2H4OH  C2H4OC2H5 


ix>OH        AoOH  COOCLH, 


^  COOC2H5 

Lactic  Ethyl-lactic  Monethylic     Diethylic  lactate, 

acitl.  acid.  lactate.        or  ethylic  ethyl- 

lactate. 

Monethylic  lactate,  C2H5.  C3H603,  is  produced  by  distilling  potas- 
sium or  sodium  lactate  with  potassium  ethylsulphate.  It  is  a  syrupy 
liquid,  boilins;  at  176°.    Potassium  dissolves  in  it,  with  evolution 

C2H4OK 

of  hvdrogen,  forming  eth vlic-potassio  lactate,  I  • — 

COOC?H5 

Ethyl-lactic  acid,  C3H4(C2Ha)03.H,  is  obtained  as  a  potassium/" 
calcium  salt  by  decomposing  diethylic  lactate  with  potash  or  milk 
of  lime.  When  separated  from  these  salts  by  sulphuric  acitl.  it 
forms  a  viscid  liquid,  boiling  with  partial  decomposition  between 
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195'  and  198°.— DiethyUc  lactate,  CaH6.C3H4(02Hp)O3,  is  produced 
by  the  action  of  ethyl-iodide  on  ethylic  potassio-lactate,  or  on 
sodium  ethylate,  and  by  that  of  sodium  ethylate  on  ethyl- 
chloropropionate  : 

C2H5.C3H4C102  +  NaOC2H6  =  NaCl  +  C2H5.C3H4(C2H5)0, 

Ethyl-chloro-  Sodium  Dietliylic 

propionate.  ethylate.  lactate. 

Methyl-lactic  acid,  C3H3(CH3)03,  and  its  zinc  and  silver  salts  have 
also  been  obtained. 

The  alcoholic  hydrogen  of  lactic  acid  may  also  be  replaced  by 
acid  radicals,  forming  such  compounds  as  acetolactic  acid, 
C3H5(C2H30)30. 

Lactyl  Chloride,  C3H40C12,  or  Chloropropionyl  Chloride, 
C3H4C10.C1,  is  obtained,  together  with  phosphorus  oxychloride, 
by  gently  heating  a  mixture  of  calcium  lactate  with  phosphorus 
pentachloride ;  also  by  the  direct  combination  of  ethene  with 
carbonyl  chloride.  It  is  a  colourless  liquid,  boiling  above  100°, 
and  decomposed  by  water,  forming  hydrochloric  and  chloropro- 
pionic  acids. 

C5H16OH  , 
Leucic  Acid,  C6H1003=  I  . — This  acid,  isomeric 

COOH 

with  diethoxalic  acid,  is  produced  by  the  action  of  nitrous  acid  on 
leucine  or  amidocaproic  acid  (p.  687).  It  forms  needles  or  mono- 
clinic  prisms,  soluble  in  water,  alcohol,  and  ether,  melting  at  about 
73°,  and  volatilising  at  100°.  When  heated  for  some  time  at  that 
temperature,  it  gives  off  water,  and  leaves  a  syrupy  oxide  or 
anhydride.    It  forms  crystallisable  salts  analogous  to  the  lactates. 


(  OH 

Carbonic  Acid,  CH203  =  C  <  0"  . — This  acid  belongs  to 

(OH 

the  lactic  series,  so  far  as  its  constitution  is  concerned,  being 

(  OH 

derived  from  the  unknown  methene  glycol,  C  <  H2  ,  by  substitution 

(OH 

of  0  for  H2 ;  but  it  differs  from  all  the  other  acids  of  the  series  in 
being  bibasic,  both  the  hydroxyl  groups  contained  in  it  being 
immediately  connected  with  an  atom  of  oxygen,  so  that  either 
of  the  hydrogen-atoms  may  be  regarded  as  belonging  to  the  group 
COj,H. 

Carbonic  acid  itself,  or  hydrogen  carbonate',  is  not  known, 
inasmuch  as  when  a  metallic  carbonate  is  decomposed  by  a  stronger 
acid,  Che  hydrogen  carbonate,  CH203,  always  splits  up  into  water 
an. I  carbon  dioxide,  which  escapes  'as  gas.  The  corresponding 
.sulphur  compound,  CH2S3,  is,  however,  obtained  as  an  oily  liquid 
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when  a  metallic  sulpho-carbonate  is  decomposed  by  an  acid' 
(p.  210). 

With  the  alkali-metals  carbonic  acid  forms  acid  and  normal  or 
neutral  sa]ts,  according  as  one  or  both  of  the  hydrogen-atoms  are 
replaced;  e.g.: 

Acid  sodium  carbonate,      CHNa03,  or  CO  < 
Normal  sodium  carbonate,  CNa203,   or  CO(ONa)2. 

With  the  earth-metals  and  other  dyad  metals,  carbonic  acid 
forms  only  normal  salts,  CM"03,  and  basic  salts;  the  so-called 
acid  carbonates  of  barium,  calcium,  &c,  are  known  only  in  solu- 
tion, and  are,  in  fact,  merely  solutions  of  neutral  carbonates  in 
aqueous  carbonic  acid,  which  give  off  carbon  dioxide  on  boiling. 
The  basic  carbonates  of  dyad  metals  may  be  viewed  as  compounds 
of  normal  carbonates  with  metallic  oxides  or  hydrates ;  for  example, 
slaked  lime,  produced  by  exposing  quicklime  to  moist  air,  has  the 
composition  of  a  dicalcic  carbonate,  Ca"O.Ca"C03.aq. ;  and  native 
green  copper  carbonate,  or  malachite,  consists  of  Cu"O.Cu"C03.aq. 
These  basic  carbonates  may,  however,  be  viewed  in  another  way, 
namely,  as  derived  from  a  tetratomic  carbonic  acid,  or  ortho- 
carbonic  acid,  CH404  or  C(OH)4,  analogous  to  methane  and 
carbon  tetrachloride  ;  thus,  dicalcic  carbonate  =  CCa"204 .  aq. ; 
malachite  =  CCu"204.aq. 

With  metals  of  higher  atomicity,  carbonic  acid  does  not  form 
definite  salts. 

Carbonic  Ethers. — The  only  carbonic  ethers  known  are  those 
in  which  the  two  hydrogen-atoms  of  carbonic  acid  are  replaced 
either  by  two  equivalents  of  a  monad  alcohol-radical,  or  by  one 
equivalent  of  a  monad  alcohol-radical  and  one  equivalent  of  nietaL 

Ethyl  carbonate,  (C2H5)2C03,  is  formed  by  the  action  of  ethyl 
iodide  on  silver  carbonate  : 

Ag2C03    +    2C2H6I    =    2AgI    +  (C2H.)C203; 

also  by  the  action  of  potassium  or  sodium  on  ethyl  oxalate, 
(C2H5)2C204 :  this  reaction  is  not  quite  understood ;  but  it  amounts 
to  the  removal  of  carbon  monoxide,  or  carbonyl,  CO,  from  the 
oxalic  ether.  Fragments  of  potassium  or  sodium  are  dropped  into 
oxalic  ether  as  long  as  gas  is  disengaged  :  the  brown  pasty  product 
is  then  mixed  with  water  and  distilled.  The  carbonic  ether  is 
found  floating  upon  the  surface  of  the  water  of  the  receiver,  as  a 
colourless,  limpid  liquid  of  aromatic  odour  and  burning  taste.  It 
boils  at  125°,  and  is  decomposed  by  an  alcoholic  solution  of  potash 
into  potassium  carbonate  and  alcohol.  By  chlorine  iu  diffused 
daylight  it  is  converted  into  dichlorethyl  carbonate,  (C2H3C12)2C03, 
and  in  sunshine  into  pentachlorethyl  carbonate,  (C2C16)2C03. 
Ethyl-potassium  carbonate,  (C„H..)KC03,  is  produced  by  passing 
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carbonic  acid  gas  into  a  cooled  solution  of  potassium  hydrate  in 
absolute  alcohol : 

C2H60    +    KHO    +    C0.2    =    H20    =  (C2H,)KC03. 

It  is  a  white  nacreous  salt,  decomposed  by  water  into  potassium 
carbonate  and  alcohol. 

Ethyl-methyl  carbonate,  (C2H5)(CH3)C03,  is  obtained  by  distilling 
a  mixture  of  ethyl-potassium  sulphate  and  methyl-potassium  car- 
bonate : 

(C2H5)K.S04  +  CH3K.CO3  =  K2S04  +  (C2Hfi)(CH3).C03. 

Methyl-barium  carbonate,  (CrI3)2Ba"(C03)2,  is  obtained  as  a  white 
precipitate  by  passing  carbonic  acid  gas  into  a  solution  of  baryta 
in  methyl  alcohol. 

Carbonates  of  butyl,  amyl,  and  allyl,  analogous  in  composition  to 
ethyl  carbonate,  have  also  been  obtained.  Phenyl-hydrogen  car- 
bonate, or  acid  phenyl  carbonate,  (CLH5)HC03,  is  identical  with 
salicylic  acid,  which  will  be  described  further  on. 

Ethyl  orthocarbonate,*  C(OC2H5)4,  is  produced  by  heating  a 
mixture  of  chloropicrin  (trichloro-nitromethane)  with  absolute 
alcohol  and  sodium : 

C(N02)C13  +  4NaOC2H5  =  3NaCl  +  NaN02  +  C(OC2H5)4 

Chloropicrin.  Sodium  Sodium         Sodium         Ethyl  ortho- 

ethylate.  chloride.        nitrite.  carbonate. 

It  is  a  colourless  oil,  hoiling  at  158°-159°. 

Sulphocarbonic  Ethers.- — These  are  bodies  having  the  com- 
position of  carbonic  ethers  in  which  the  oxygen  is  replaced,  wholly 
or  partly,  by  sulphur.  The  following  table  exhibits  their  names 
and  formula?,  the  ethyl  and  ethene  compounds  being  taken  as 
examples : 

Ethyl-monosulphocarbonic  acid,        .       .  (C2H5)H.C02S. 


Diethylic  monosulphocarbonate, 
Ethyl-disulphocarbonic  or  Xanthic  acid, 
Diethylic  disvdphocarbonate, 
Ethyl-tri  sulphocarbonic  acid, 
Diethylic  trisulphocarbonate, 
Ethene  disulpbocarbonate, 
Ethene  trisulphocarbonate, 


(C2H5)2.C02S. 
(C2H5)H.COS2. 

(c2h5)2.  cos2. 

C2H6)IT.CS3. 
(C2H6)2.CS3. 

(C2h4);;.cos2. 

(C2H4)".CS3. 


The  metallic  salts  of  the  acid  sulphocarbonic  ethers  are 
produced  in  the  same  manner  as  those  of  the  carbonic  ethers :  thus 
carbon  dioxide  unites  with  potassium  sulphethylate  (mercaptide), 
to  form  potassium  ethylmonosulphocarbonate,  just  as  it  unites  with 
potassium  ethylate  to  form  the  ethylcarbonate ;  and,  in  like 
inminer,  carbon  bisulphide  acts  on  potassiiuu  ethylate  or  alcoholic 
potash,  so  as  to  form  potassium  ethyklisulphocarbonate  ;  and  on 

*  IT.  Basse tt,  Chem.  £oc.  Journal  [2],  i.  198. 
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potassium  mercapticle,  or  an  alcoholic  solution  of  the  sulpll- 
hydrate,  so  as  to  form  the  ethyltrisulphocarbonate,  thus : 

C02  +  (C2H6)KO  =  (C,H6)KC03  Ethylcarbonate. 
C02  +  (C2H5)KS  =  (C;H5)KC02S  Elhylmonosulphocarbonate. 
CS2  +  (C2H5)KO  =  (C„H6)KCOS2  Ethyldisulphocarhonate. 
CS2  +  (C2H6)KS  =  (C2H5)KCS3  Ethyltrisulphocarbonate. 

The  neutral  sulphocarbonic  ethers  containing  monatoroic 
alcohol-radicals)  are  produced  by  the  action  of  the  chlorides, 
bromides,  &c,  of  alcohol -radicals  on  the  metallic  salts  of  the  cor- 
responding acid  ethers,  e.g. : 

(C2H5)KCS3    +    C2H.C1    =    KC1    +  (C2H5)2CS3. 

The  sulphocarbonic  ethers  of  diatomic  alcohol -radicals  are 
formed  by  the  action  of  diatomic  alcoholic  bromides,  iodides,  &c, 
on  sodium  sulphocarbonate,  e.g. : 

C2H4Br2    +    Na2CS3    =    2NaBr    +  (C2H4)"CS3. 

The  neutral  sulphocarbonic  ethers  are  oily  liquids ;  so  likewise 
are  the  acid  ethers,  such  at  least  as  are  known  in  the  free  state,  or 
as  hydrogen  salts  ;  their  metallic  salts  are  mostly  crystalline. 
The  best  known  of  these  compounds  are  the  ethyldisulpho- 
carbonates  or  xanthates. 

To  prepare  xanthic  acid,  alcohol  of  O800  sp.  gr.  is  saturated, 
whilst  boiling,  with  potash,  and  into  this  solution  carbon  bisul- 
phide is  dropped  till  it  ceases  to  be  dissolved,  or  until  the  liquid 
loses  its  alkalinity.  On  cooling  the  whole  to  — 18°,  the  potassium- 
salt  separates  in  the  form  of  brilliant,  slender,  colourless  prisms, 
which  must  be  quickly  pressed  between  folds  of  bibulous  paper, 
and  dried  in  a  vacuum.  It  is  freely  soluble  in  water  and  alcohol, 
but  insoluble  in  ether,  and  is  gradually  destroyed  by  exposure  to 
air,  by  oxidation  of  part  of  the  sulphur.  Xanthic  acid  may  he 
prepared  by  decomposing  this  salt  with  dilute  sulphuric  or  hydro- 
chloric acid.  It  is  a  colourless,  oily  liquid,  heavier  than  water,  of 
powerful  and  peculiar  odour,  and  very  combustible  :  it  reddens 
litmus-paper,  and  ultimately  bleaches  it.  Exposed  to  gentle  heat 
(about  24°),  it  is  decomposed  into  alcohol  and  carbon  bisidphide. 
Exposed  to  the  air,  or  kept  beneath  the  surface  of  water  open  to 
the  air,  it  becomes  covered  with  a  whitish  crust,  and  is  gradually 
destroyed.  The  xanthates  of  the  alkali-metals  and  of  barium  are 
colourless  and  crystallisable ;  the  calcium-salt  dries  up  to  a  gummy, 
mass  ;  the  xanthates  of  zinc,  lead,  and  mercury  are  white,  and  but 
slightly  soluble  ;  that  of  copper  is  a  flocculent,  insoluble  sub- 
stance, of  beautiful  yellow  colour. 

Ethylic  disulphocarbonate  or  Xanthic  ether,  (C2H5)2.COS2,  ob- 
tained by  the  action  of  ethyl  chloride  on  potassium  xanthate,  is  a 
pale-yellow  oil,  boiling  at  200°,  insoluble  in  water,  soluble  in  all 
proportions  of  alcohol  or  ether.    Ammonia-gas  passed  into  its 
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alcoholic  solution  forms  mercaptan  and  a  crystalline  substance, 
COS(C2H5)NH2,  called  xanthamide  : 

(C,H5)2COS2"  +   NH3  =  C2H5(SH)  +  COS(C2H6)NH2. 

Amyl  disulphocarbonate,  (CaHn)2COS,  treated  in  like  manner 
yields  xanthamylamide,  COS(C5Hn)NH2. 


2. — Pyruvic  Series,  CnH2n— 2O3. 
This  is  a  small  group  of  acids,  including — 

Pyruvic  acid,  C3H403 
Convolvulinoleic  acid,  C13H2403 1 
Jalapinoleic  acid,  C16H30O3  1 
Ricinoleic  acid,  C18H3403. 

Glyoxylic  acid,  a  product  of  the  oxidation  of  alcohol,  glycol,  and 
glyoxal,  is  sometimes  said  to  have  the  composition  C,H20, ;  hut; 
it  is  more  probably  C2H404,  and  belongs  to  another  series,  as  will 
be  explained  hereafter. 

Pyruvic  Acid,  C3H403,  also  called  Pyroracemic  acid,  is  pro- 
duced by  dry  distillation  of  racemic  or  tartaric  acid : 

C4H0O6    =    C3H403    +    C02    +  H20. 

It  is  a  liquid,  boiling,  with  partial  decomposition,  at  about  1 65°. 
Treated  with  sodium  amalgam,  or  hydriodic  acid,  it  takes  up  two 
atoms  of  hydrogen,  and  is  converted  into  lactic  acid,  C3H0O3,  or  if 
the  reagent  is  used  in  large  excess,  into  propionic  acid,  C3H0O2. 
It  also  unites  directly  with  bromine,  forming  the  acid,  C3H4Br203, 
probably  dibromolactic  acid.    Its  salts  crystallise  readily. 

Convolvulinoleic  Acid  and  Jalapinoleic  Acid,  are  pro- 
duced by  the  action  of  acids  or  alkalis  from  certain  resinous 
glucosides  contained  in  the  root  of  tuberose  or  officinal  jalap 
(Convolvulus  Schiedanus),  and  of  Convolvulus  (or  Ipomcea)  oriza- 
bensis,  the  jalap-stalks  or  jalap-wood  of  commerce ;  but  their 
formula)  have  not  been  exactly  determined. 

Ricinoleic  Acid,  C18H3403,  is  a  yellow  oily  acid,  produced  by 
the  saponification  of  castor-oil.  At  temperatures  between  —  6° 
and  —  7°  it  solidifies  to  a  granular  mass.  The  neutral  ricinoleates 
oi  the  alkali-metals  when  distilled  alone  yield  a  distillate  of 
ccnanthol;  but  when  distilled  with  excess  of  caustic'alkali,  they 
give  off  hydrogen,  and  yield  a  distillate  of  octyl  alcohol,  C8H180, 
and  a  residue  of  alkaline  sebate,  0MHwKa04  (p.  608). 
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DIATOMIC    AND    DIBASIC  ACIDS. 

These  acids  contain  the  group,  C02H,  twice,  and  must  there- 
fore contain  four  atoms  of  oxygen.  They  may  all  he  included  in 
the  general  fornmla,  R"(C02H)2, — R  denoting  a  diatomic  hydro- 
carbon-radical,— or  they  may  he  regarded  as  compounds  of  oxy- 
genated radicals  with  two  equivalents  of  hydroxyl,  e.g.,  succinic 
acid=(C4H402)"(OH)2. 


1. — Oxalic  or  Succinic  Series,  CnH2n— 2O4. 
The  known  acids  of  this  series  are : 


C7H1204 
CBH1404 


CioH1804 


Oxalic  acid,  .    .    .  C2H204  Pimelic  acid, 

Malonic  acid,    .    .  C3H404  Suberic  acid, 

Succinic  acid,   .    .  C4HG04  Anchoic  acid, 

Pyrotartaric  acid,  .  C5H804  Sebic  acid,  . 

Adipic  acid,  .    .    .  CBH10O4  Roccellic  acid,  .    .  Cl7H3204 

They  are  produced:- — 1.  By  oxidation  of  the  corresponding 
glycols,  R"(CH2OH)2,  the  change  consisting  in  the  substitution  of 
02  for  H4  (p.  616).  In  this  manner  oxalic  acid,  C2H204,  is 
formed  from  ethene  alcohol.  C2H0O2,  and  malonic  acid,  C3H404, 
from  propene  alcohol,  C3H802;  but  the  higher  glycols  split  up 
under  the  influence  of  oxidising  agents,  and  do  not  yield  bibasic 
acids  containing  the  same  number  of  carbon-atoms  as  themselves. 

2.  By  boiling  the  cyanides  of  diatomic  alcohol-radicals  with 
alcoholic  potash ;  e.g.: 

(C3H0)"(CN)2  +  2KOH  +  2H20  =  2NH3  +  (C3H6)"(C02K)2 

Propene  Potassium 
cyanide.  pyrotartrate. 

This  reaction  is  analogous  to  that  by  which  the  fatty  acids  are 
formed  from  the  cyanides  of  the  monatomic  alcohol-radicals, 
CnH2n+i  (p.  664). 

3.  By  the  addition  of  hydrogen  to  other  acids  containing  a 
smaller  proportion  of  that  element ;  in  this  manner  succinic  acid, 
C4Hc04,  is  formed  from  fumaric  acid,  C4H404. 

4.  By  the  action  of  heat  on  acids  of  more  complicated  structure ; 

2Q4H60G    =    3C02    +    2H20    +  C6H804 

Tartaric  Pyrotar- 
acid.  taric  acid. 

5.  Many  of.  these  acids  are  produced  by  the  action  of  powerful 
oxidisers  on  a  variety  of  organic  bodies :  thus,  succinic,  adipic, 
pimelic,  suberic,  and  anchoic  acids,  are  produced  by  treating 
various  fatty  and  resinous  bodies  with  nitric  acid. 
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COOH 

Oxalic  Acid,  C.;H90,  =  |         =  (C.,00)"(OH)9.— This  im- 
"  '  COOH 

portant  acid  exists  ready  formed  in  many  plants  as  a  potassium  or 
calcium-salt,  and  is  produced  by  the  oxidation  of  a  great  variety 
of  organic  compounds.  In  some  cases  the  reaction  consists  in  a 
definite  substitution  of  oxygen  for  hydrogen ;  thus  oxalic  acid  is 
formed  from  ethene  alcohol,  C2Hc02,  by  substitution  of  02  for  H4, 
and  from  ethyl  alcohol,  C2H0O,  by  the  same  substitution  and 
further  addition  of  one  atom  of  oxygen.  But  in  most  c.ases  the 
reaction  is  more  complex,  consisting  in  a  complete  breaking  up  of 
the  molecule.  In  this  manner  oxalic  acid  is  produced  in  great 
abundance  from  more  highly  carbonised  organic  substances,  such 
as  sugar,  starch,  cellulose,  &c,  by  the  action  of  nitric  acid,  or  by 
fusion  with  caustic  alkalis. 

Oxalic  acid  is  also  produced :  x.  As  a  sodium  or  potassium-salt 
by  direct  combination  of  the  alkali-metal  with  carbonic  dioxide : 

2C02    +    Na2    =  C204Na2. 

The  sodium-salt  is  obtained  by  passing  the  carbon  dioxide  over  a 
heated  mixture  of  sodium  and  sand ;  the  potassium-salt  by  heating 
potassium-amalgam  in  the  gas.* 

/3.  As  an  ammonium-salt,  together  with  other  products,  in  the 
decomposition  of  cyanogen  by  water : 

C2N2    +    4H20    =  C2(NHA,04. 

y.  As  a  potassium-salt  by  heating  potassium  formate  with  excess 
of  potash : 

2CHK02    =    C2K204    +  H2. 

Preparation. — 1.  By  the  oxidation  of  sugar  with  nitric  acid : 

C12H22On    +    018    =    6C,H204    +  5H20. 

_  One  part  of  sugar  is  gently  heated  in  a  retort  with  5  parts  of 
nitric  acid  of  sp.  gr.  1-42,  diluted  with  twice  its  weight  of  water; 
copious  red  fumes  are  then  disengaged,  and  the  oxidation  of  the 
sugar  proceeds  with  violence  and  rapidity.  When  the  action 
•  slackens,  heat  may  be  again  applied  to  the  vessel,  and  the  liquid 
concentrated  by  distilling  off  the  superfluous  nitric  acid,  until  it 
deposits  crystals  on  cooling.  These  are  drained,  redissolved  in 
a  small  quantity  of  hot  water,  and  the  solution  is  set  aside  to  cool. 

2.  By  heating  sawdust  with  caustic  alkali. 

Many  years  ago,  Gay-Lussac  observed  that  wood  and  several 
other  organic  substances  were  converted  into  oxalic  acid  by  fusion 
with  caustic  potash.  Messrs  Roberts,  Dale,  &  Co.  have  lately 
founded  upon  this  observation  a  new  method  for  the  preparation 
of  oxalic  arid,  which  furnishes  this  acid  much  cheaper  than  any 
*  Kolbe  and  Drechsel,  Chem.  Soc.  Jouni.il  [2],  vi.  121. 
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other  process.  A  mixed  solution  of  the  hydrates  of  sodium  and 
potassium,  in  the  proportion  of  two  equivalents  of  the  former  to 
one  of  the  latter,  is  evaporated  to  about  l-35  sp.  gr.,  and  then 
mixed  with  sawdust,  so  as  to  form  a  thick  paste,  which  is  placed 
in  thin  layers  on  iron  plates.  The  mixture  is  now  gradually 
heated,  care  being  taken  to  keep  it  constantly  stirred.  The  action 
of  heat  expels  a  quantity  of  water,  and  the  mass  intumesces 
strongly,  with  disengagement  of  much  inflammable  gas,  consist- 
ing of  hydrogen  and  carbonetted  hydrogen.  The  mixture  is  now 
kept  for  some  hours  at  a  temperature  of  400°  F.  (204°  C),  care 
being  taken  to  avoid  charring,  which  would  cause  a  loss  of  oxalic 
acid.  The  product  thus  obtained  is  a  grey  powder;  it  is  now 
treated  with  water  at  about  60°  F.  (15-5°  C.),  which  leaves  the 
sodium  oxalate  undissolved.  The  supernatant  liquid  is  drawn  off, 
evaporated  to  dryness,  and  heated  in  furnaces  to  recover  the 
alkalis,  which  are  caustified  and  used  for  a  new  operation.  The 
sodium  oxalate  is  washed  and  decomposed  by  boiling  with  slaked 
lime,  and  the  resulting  calcium  oxalate  is  again  decomposed  by 
means  of  sulphuric  acid.  The  liquid  decanted  from  the  calcium 
sulphate  is  evaporated  to  crystallisation  in  leaden  vessels,  and  the 
crystals  are  purified  by  re- crystallisation. 

Oxalic  acid  separates  from  a  hot  solution  in  colourless,  transpa- 
rent crystals  derived  from  an  oblique  rhombic  prism,  and  consist- 
ing of  C2H204. 2BLO.  The  two  molecules  of  crystallisation-water 
may  be  expelled  by  a  very  gentle  heat,  the  crystals  crumbling 
down  to  a  soft  white  powder,  consisting  of  anhydrous  oxalic  acid, 
C2H204,  which  may  be  sublimed  in  great  measure  without  decom- 
position. The  crystallised  acid,  on  the  contrary,  is  decomposed 
by  a  high  temperature  into  formic  acid,  carbon  monoxide,  and 
carbon  dioxide,  without  leaving  any  solid  residue : 

2C2H204    =    CH202    +    CO    +    2C02   +  H20. 

The  crystals  of  oxalic  acid  dissolve  in  8  parts  of  water  at  15-5°, 
and  in  their  own  weight,  or  less,  of  hot  water :  they  are  also 
soluble  in  spirit.  The  aqueous  solution  has  an  intensely  sour 
taste  and  most  powerful  acid  reaction,  and  is  highly  poisonous. 
The  proper  antidote  is  chalk  or  magnesia.  Oxalic  acid  is  decom- 
posed by  hot  oil  of  vitriol  into  a  mixture  of  carbon  monoxide  and 
carbon  dioxide :  it  is  slowly  converted  into  carbonic  acid  by  nitric 
acid,  whence  arises  a  considerable  loss  in  the  process  of  manufac- 
ture from  sugar.  The  dioxides  of  lead  and  manganese  effect  the 
same  change,  becoming  reduced  to  monoxides,  which  form  salts 
with  the  unaltered  acid. 

Oxalates. — Oxalic  acid,  like  other  bibasic  acids,  forms  with 
monatomic  metals,  neutral  or  normal  salts  containing  C2M204,  and 
acid  salts,  C,HM04.  With  potassium  and  ammonium  it  likewise 
forms  hyper-acid  salts,  e.g.,  C2HK04.C2H204,  or  C4H3K0S.  With 


OXALIC  ACID. 


719 


most  diatomic  metals  it  forms  only  neutral  salts,  C2M"Oi ;  with 
barium  and  strontium,  however,  it  forms  acid  salts  analogous  to 
the  hyper-acid  oxalates  of  the  alkali-metals.  It  also  forms  nume- 
rous well-crystallised  double  salts.  It  is  one  of  the  strongest 
acids,  decomposing  dry  sodium  chloride  when  heated,  with  evolu- 
tion of  hydrochloric  acid,  and  converting  sodium  chloride  or  nitrate 
in  aqueous  solution  into  acid  oxalate. 

The  oxalates  of  the  alkali-metals  are  soluble  in  water ;  the  rest 
are  for  the  most  part  insoluble  in  water,  but  soluble  in  dilute 
acids. 

All  oxalates  are  decomposed  by  heat.  The  oxalates  of  the 
alkali-metals,  and  also  of  the  alkaline  earth-metals,  if  not  too 
strongly  heated,  give  off  carbon  monoxide  and  leave  carbonates, 
while  the  oxalates  of  those  metals  whose  carbonates  are  decom- 
posed by  heat  (zinc  and  magnesium,  for  example)  give  off  carbon 
monoxide  and  carbon  dioxide,  and  leave  metallic  oxides.  The 
oxalates  of  the  more  easily  reducible  metals  (silver,  copper,  &c), 
give  off  carbon  dioxide  and  leave  the  metal;  the  lead-salt  leaves 
suboxide  of  lead,  and  gives  off  3  volumes  of  carbon  dioxide  to 
1  volume  of  carbon  monoxide : 

2C2Pb"04    =    Pb20    +    3C02    +  CO. 

Oxalates  heated  with  sulphuric  acid  give  off  carbon  monoxide 
and  dioxide,  and  leave  a  residue  of  sulphate.  In  this  case,  as  well 
as  in  the  decomposition  by  heat  alone,  no  separation  of  carbon 
takes  place,  and  consequently  the  residue  does  not  blacken :  this 
character  distinguishes  the  oxalates  from  the  salts  of  all  other 
carbon  acids. 

Oxalic  acid  and  the  soluble  oxalates  give  with  calcium  chloride  a 
precipitate  of  calcium  oxalate,  insoluble  in  water  and  in  acetic  acid, 
but  soluble  in  hydrochloric  and  nitric  acid.  This  reaction  affords 
a  very  delicate  test  for  the  presence  of  oxalic  acid :  the  insolubility 
of  the  precipitated  oxalate  in  acetic  acid  distinguishes  it  at  once 
from  the  phosphate. 

Potassium  Oxalates.— The  neutral  salt,  C2K204.2aq.,  pre- 
pared by  neutralising  oxalic  acid  with  potassium  carbonate,  crys- 
tallises in  transparent  rhombic  prisms,  which  become  opaque  and 
anhydrous  by  heat,  and  dissolve  in  3  parts  of  water.— The  acid 
oxalate,  or  binoxalate,  C2HK04. 2  aq.,  sometimes  called  Salt  of  Sorrel, 
from  its  occurrence  in  that  plant,  is  found  also  in  other  species  of 
Rumex,  in  Oxalis  acetosella,  and  in  garden  rhubarb,  associated  with 
malic  acid.  It  is  easily  prepared  by  dividing  a  solution  of  oxalic 
acid  in  hot  water  into  two  equal  portions,  neutralising  one  with 
potassium  carbonate,  and  adding  the  other:  the  salt  crystallises, 
"ii  cooling,  in  colourless  rhombic  prisms.  The  crystals  have  :i 
sour  taste,  and  require  40  parts  of  cold,  and  6  of  boiling  water  for 
solution.    A  solution  of  this  salt  is  often  used  for  removing  ink 
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from  paper.  The  hyper-acid  oxalate  or  quadroxalate,  C2HK04. 
02H204. 2  aq,,  is  prepared  by  a  process  similar  in  principle  to  that 
last  described.  The  crystals  are  modified  octohedrons,  and  are 
less  soluble  than  those  of  the  binoxalate,  which  the  salt  in  other 
respects  resembles. 

Sodium  oxalate,  C^Na-P^  has  but  little  solubility  ;  a  binomlate 
exists. 

Ammonium  Oxalates.— The  neutral  salt,  C2(NH4)204.2  aq.,  is 
prepared  by  neutralising  a  hot  solution  of  oxalic  acid  with  ammo- 
nium carbonate.  It  crystallises  in  long,  colourless,  rhombic 
prisms,  which  effloresce  in  diy  air  from  loss  of  water  of  crystal- 
lisation. They  are  not  very  soluble  in  cold  water,  but  dissolve 
freely  by*  the  aid  of  heat. 

The  dry  salt,  when  heated  in  a  retort,  gives  off  water  and  yields 
a  sublimate  of  oxamide  :* 

(C202)"(ONH4)2    =    2H20    +  (C202)"(NH2)2 

Ammonium  oxalate.  Oxamide. 

"When  distilled  with  phosphoric  oxide,  it  gives  up  four  mole- 
cules of  water,  and  yields  a  considerable  quantity  of  cyanogen, 
C2(NH4)204  -  4H20  =  2CN.  Other  products,  are,  however,  formed 
at  the  same  time. 

Acid  ammonium  oxalate,  or  binoxalate,  C2H(NH4)04.aq.,  is  still 
less  soluble  than  the  neutral  salt.  When  heated  in  an  oil-bath  to 
232°,  it  loses  one  molecule  of  water,  and  yields  oxamic  acid, 
C2H3N03,  or  (C202)"(OH)(NH2) ;  other  products  are,  however, 
formed  at  the  same  time. 

Calcium  Oxalate,.  C2Ca"04. 4  aq.,  is  formed  whenever  oxalic 
acid  or  an  oxalate  is  added  to  a  soluble  calcium-salt ;  it  falls  as  a 
white  powder,  which  acquires  density  by  boiling,  and  is  but  little 
soluble  in  dilute  hydrochloric,  and  quite  insoluble  in  acetic  acid- 
Nitric  acid  dissolves  it  easily.  "When  dried  at  100°,  it  retains  a 
molecule  of  water,  which  may  be  driven  off  by  a  rather  higher 
temperature.  Exposed  to  a  red  heat  in  a  close  vessel,  it  is  con- 
verted into  calcium  carbonate,  with  escape  of  carbon  monoxide. 

The  oxalates  of  barium,  zinc,  manganese,  copper,  nickel,  cobalt. 
and  ferrous  oxalate,  are  nearly  insoluble  in  water:  magnesium 
oxalate  is  sparingly  soluble :  ferric  oxalate  is  freely  soluble.  — 
Potassio-chromic  oxalate,  K3Cr"'(C204)3. 3  aq.,  prepared  by  dissolv- 
ing in  hot  water  1  part  of  potassium  bichromate,  2  parts  of  potas- 
sium binoxalate,  and  2  parts  of  crystallised  oxabc  acid,  is  one  of 
the  most  beautiful  salts  known.  The  crystals  appear  black  by 
reflected  light,  from  the  intensity  of  their  colour,  which  is  pure 
deep  blue :  they  are  very  soluble.  A  corresponding  potassio-ferric 
oxalate  has  been  formed :  it  crystallises  freely,  and  has  a  beautiful 
green  colour. 

*  See  the  Chapter  on  Amides. 
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Ethyl  Oxalates.  —  The  neutral  oxalate,  or  Oxalic  ether 
(C2H6)2C?04,  is  most  easily  obtained  by  distilling  together  4  parts 
of  potassium  binoxalate,  5  parts  of  oil  of  vitriol,  and  4  parts  of 
strong  alcohol.  The  distillation  may  be  pushed  nearly  to  dryness, 
and  the  receiver  kept  warm,  to  dissipate  any  ordinary  ether  that 
may  be  formed.  The  product  is  mixed  with  water,  by  which  the 
oxalic  ether  is  separated  from  the  imdecomposed  spirit:  it  is 
repeatedly  washed  to  remove  adhering  acid,  and  re-distilled  in  a 
small  retort,  the  first  portion  being  received  apart  and  rejected. 
Another  very  simple  process  consists  in  digesting  equal  parts  of 
alcohol  and  dehydrated  oxalic  acid  in  a  flask  furnished  with  a 
long  glass  tube  in  which  the  volatilised  spirit  may  condense 
After  six  or  eight  hours'  digestion,  the  mixture  generally  contains 
only  traces  of  unetherified  oxalic  acid. 

Pure  oxalic  ether  is  a  colourless,  oily  liquid,  of  pleasant  aromatic 
odour,  and  1-09  sp.  gr.  It  bods  at  183-8°,  is 'but  little  soluble  in 
water,  and  is  readily  decomposed  by  caustic  alkalis  into  a  metallic 
oxalate  and  alcohol.  With  solution  of  ammonia  in  excess,  it 
yields  oxamide  and  alcohol ;  thus : 

(C202)"(OC2H5)2  +  2NH3  =  2HOC2H6  +  (C202)"(NH2)2 . 
This  is  the  best  process  for  preparing  oxamide. 

When  dry  gaseous  ammonia  is  conducted  into  a  vessel  contain- 
ing oxalic  ether,  the  gas  is  rapidly  absorbed,  and  a  white  solid 
substance  produced,  which  is  soluble  in  hot  alcohol,  and  separates 
on  cooling  m  colourless,  transparent,  scaly  crystals.  They  dissolve 
in  water,  and  are  both  fusible  and  volatile.  This  substance  is 
oxame thane,  the  ethylic  ether  of  oxamic  acid* 

(C202)"(OC2H6)2  +  NH3  =  HOC2H5  +  C202(NH2)(OC2H5). 

The  same  substance  is  formed  when  ammonia  in  small  quantity  is 
added  to  a  solution  of  oxalic  ether  in  alcohol. 

When  oxalic  ether  is  treated  with  excess  of  dry  chlorine  in  sun- 
shine, a  white,  colourless,  crystalline,  fusible  body  is  produced, 
insoluble  in  water,  and  instantly  decomposed  by  alcohol.  It 
Wnswta  of  perchlorethylic  oxalate,  C0Cl10O4,  or  (C2C15)2C204, 
<>r  oxahc  ether  m  which  the  whole  of  the  hydrogen  is  replaced  by 

Ethyl  oxalate  is  converted  by  potassium  or  sodium  into  ethyl 

8? MT?ft  ^™eV°^10?  of  carbon  m™^e:  C„(0„HB)A  = 
^2^)2^3  +  ;  but  the  reaction  is  complicated  by  the  forma- 
tion oJ  several  other  products. 

When  ethyl  oxalate  is  agitated  with  sodium  amalgam  in  a  vessel 
»xternally  cooled,  a  product  is  obtained  which  is  separated  by 
einer  into  a  soluble  and  an  insoluble  portion,  the  latter  consisting 
"i  termentable  sugar,  together  with  sodium  oxalate  and  at  least 

See  the  Chapter  on  Amides. 
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one  other  sodium-salt,  while  the  ethereal  solution  yields,  by  spon- 
taneous evaporation,  crystals  having  the  composition  CuH1806, 
and  consisting  of  the  ethylic  ether  of  a  trihasic  acid,  CaH608, 
called  deoxalic  acid,  because  it  is  produced  by  deoxidation  of 
oxalic  acid:  5C2H204  +  5H2  =  2C5H608  +  4H20  ;  and  racemo- 
carbonic  acid,  because  it  contains  the  elements  of  racemic  acid, 
C4H6O0,  and  carbon  dioxide,  C02,  and  is  resolved  into  those  two 
compounds  when  its  aqueous  solution  is  heated  in  a  sealed  tube 
with  a  small  quantity  of  sulphuric  acid.  The  decomposition  of 
ethylic  oxalate  by  sodium  amalgam  has  not  been  completely  in- 
vestigated, but  the  formation  of  deoxalic  acid  and  glucose  may  be 
represented  by  the  equation : 

8C2H204  +  14H2  =  2C5H608  +  C0H12O6  +  10H2O. 

Ethyl  oxalate  treated  with  zinc-ethyl,  and  afterwards  with 
water,  yields  the  ethylic  ether  of  diethoxalic  acid,C2H2(C2H5)203, 
and  similar  products  with  zinc-methyl  and  zinc-amyl  (p.  705). 

Acid  ethyl  oxalate,  or  Ethylomlic  acid,  C2H(C2H5)04,  or 
(C202)"(OH)(OC2H5),  is  obtained  as  a  potassium-salt  by  adding  to 
a  solution  of  neutral  ethyl  oxalate  in  absolute  alcohol,  a  quantity 
of  alcoholic  potash  less  than  sufficient  to  convert  the  whole  into 
potassium  oxalate  and  alcohol ;  on  dissolving  this  salt  in  hydrated 
alcohol,  carefully  saturating  with  sulphuric  acid,  and  neutralising 
with  carbonate  of  lead  or  barium,  the  ethyloxalate  of  lead  or 
barium  is  obtained.— The  acid  itself  is  prepared  by  decomposing 
either  of  these  salts  with  sulphuric  acid ;  but  it  is  very  unstable, 
and  is  decomposed  by  concentration  into  alcohol  and  oxalic  acid. 
The  potassium-salt,  C2(C2H5)K04,  forms  crystalline  scales  which 
begin  to  decompose  tdwards  100°. 

Methyl  Oxalate,  C2(CH3)204,  or  (C202"(OCH.,)2,  is  easily 
prepared  by  distilling  a  mixture  of  equal  weights  of  oxalic  acid, 
wood-spirit,  and  oil  of  vitriol.  A  spirituous  liquid  collects  in  the 
receiver,  which,  when  exposed  to  the  air,  quickly  evaporates,  leav- 
ing the  methyl  oxalate  in  the  form  of  rhombic,  transparent,  crys- 
talline plates,  which  may  be  purified  by  pressure  between  folds  of 
bibulous  paper,  and  redistilled  from  a  little  oxide  of  lead.  The 
product  is  colourless,  and  has  the  odour  of  ethyl  oxalate  ;  it  melts 
at  51°,  and  boils  at  161°;  dissolves  freely  in  alcohol  and  wood- 
spirit,  also  in  water,  which,  however,  rapidly  decomposes  it,  espe- 
cially when  hot,  into  oxalic  acid  and  wood-spirit.  The  alkaline 
hydrates  effect  the  same  change  even  more  easily.  Solution  of 
ammonia  converts  it  into  oxamide  and  methyl  alcohol.  With  dry 
ammoniacal  gas  it  yields  methyl  oxamate,  or  oxamethylane, 
(C202)"(NH2)(OCHn),  a  white,  solid  substance,  which  crystallises 
from  alcohol  in  pearly  cubes. 

Ethene  Oxalate]  C2(C2H4)"04,  or  (C202)"(C2H402)",  appears 
to  be  formed  by  the  action  of  ethene  bromide  on  silver  oxalate. 
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Malonic  Acid  C3H.1Or(CH2)':(C02H)2=(C9H„0,)^(OH)9. 
— itaa  acid  is  formed  by  the  slow  oxidation  of  propene  °lvc6l 
(p.  616) :  6  J 

C3H802    +    0,    =    2H20    +  C3H404; 

also  by  oxidising  malic  acid  with  a  cold  solution  of  potassium 
chromate : 

C4H6Ofi   +    02    =    C02   +    H20    +  C3H404; 

and  by  the  action  of  alkalis  on  cyanacetic  acid,  or  better,  on  ethyl 
cyanacetate : 

C2H5.C2H2(CN)02  +  3H20  =  NH3  +  C2H0O  +  C3H404 

Malooic  acicl  forms  large  rhombohedral  crystals,  soluble  in  water 
and  alcohol,  melting  at  140°,  and  resolved  at  150°  into  carbon 
dioxide  and  acetic  acid.— Its  relations  to  bodies  of  the  uric  acid 
group  will  be  noticed  hereafter. 

Succinic  Acid  C4Ha04=(C2Hi),'(C02H)2=(C4H402)''(OH)9 
—  I his  acid  is  produced:  1.  By  heating  ethene  cyanide*  with 
alcoholic  potash : 

C2H4(CN)2    +    4H20    =    2NH3    +  04HC04. 

2.  By  the  action  of  nascent  hydrogen  (evolved  by  sodium- 
m_  r<     °n  maleic  acicl'  or  its  isomeride,  fumaric  acicl :  C4H404+ 
H2  =  C4H6Ov— 3.  By  the  action  of  hydriodic  acid  (or  water  and 
phosphorus  iodide)  on  malic  acid,  C4H605,  or  tartaric  acicl,  CJLO,, 
the  reaction  consisting  in  the  abstraction  of  1  or  2  atoms  of  oxygen 
with  formation  of  water  and  separation  of  iodine.— 4.  By  the  fer- 
mentation of  malic  or  fumaric  acids  and  of  many  other  organic 
substances,  especially  under  the  influence  of  putrefying  casein  •  in 
small  quantity  also  during  the  alcoholic  fermentation  of  sucrar  (p 
5/2,  foot  note)  -5.  By  the  oxidation  of  many  organic  substances; 
especially  of  the  fatty  acids,  C„H2„02,  and  their  glycerides,  under 
the  influence  of  nitric  acid.    Its  formation  from  butyric  acid  is 
represented  by  the  equation  C4H602+03  =  H20+C'  Hr04. 

Succinic  acid  occurs  ready  formed  in  amber  and  in  certain 
lignites,  and  occasionally  in  the  animal  organism.  By  heatins 
amber  m  iron  retorts,  it  maybe  obtained  in  coloured  crystals, 
which  may  be  purified  by  treatment  with  nitric  acid  and  re- 
crystallisation  Irom  boiling  water.  The  acid  is,  however,  more 
advantageously  prepared  by  the  fermentation  of  malic  acid,  the 
?ruae  calcium  malate  obtained  by  neutralising  the  juice  of  moun- 
tain-ash hemes  with  chalk  or  slaked  lime  being  used  for  the  pur- 
pose, l  his  salt  is  mixed  in  an  earthen  jar  with  water  and  yeast, 
'"•  decaying  cheese,  and  left  for  a  few  days  at  30°  or  40°;  the  cal- 
pm  succinate  thus  obtained  is  decomposed  by  dilute  sulphuric 

•  KiW  cyanide  is  obtained  by  heating  ethene  bromide,  CUT.Br.,,  with 
an  alcoholic  .solution  of  potassium  cyanide. 
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acid;  and  the  succinic  acid  is  purified  by  crystallisation  from 
water  and  by  sublimation. 

Succinic  acid  crystallises  in  colourless,  oblique  rhombic  prisms, 
which  dissolve  in  5  parts  of  cold  and  in  3  parts  of  boiling  water : 
it  melts  at  180°,  and  boils  at  235°,  at  the  same  time  undergoing 
decomposition  into  water  and  succinic  oxide,  or  anhydride, 
C4H403,  or  (C4H402)"0.  The  same  compound  is  formed  by  the 
action  of  phosphorus  pentachloride  on  succinic  acid :  C4H0O4+ 
PC15  =  2HC1+P0C13+C4H403.  It  is  a  white  mass,  less  soluble 
in  water,  but  more  soluble  in  alcohol,  than  succinic  acid. 

Succinic  acid,  being  bibasic,  forms,  with  monad  metals,  acid  and 
neutral  salts,  C4H5M04  and  C4H4M204,  and  with  dyad  metals, 
neutralsalts containing C4H4M"04,andacidsaltsC4H4M  04.C4H604. 

 There  are  also  a  few  double  succinates,  several  basic  lead-salts, 

and  a  hyperacid  potassium-salt. 

Succinic  acid  is  distinguished  from  benzoic  acid  by  not  bemg 
precipitated  from  its  soluble  salts  by  mineral  acids,  and  by  form- 
ing a  white  precipitate  with  barium  chloride,  on  addition  of 
ammonia  and  alcohol. 

PyrotartaricAcid,C5H804=(C3H6)"(C02H)2=(05H602r(OH)2, 
is  produced  by  the  dry  distillation  of  tartaric  acid,  and  by  the 
action  of  alcoholic  potash  on  propene  cyanide,  C3H6(CN)2.  It 
forms  rhombic  prisms,  very  soluble  in  water,  alcohol,  and  ether ; 
melts  at  112°,  and  volatilises  at  about  200°,  being  partly  resolved 
into  water  and  pyrotartaric  oxide,  C5H603.  It  forms  acid 
and  neutral  salts  analogous  to  the  succinates. 

Adipic  Acid,  C6H10O4,  and  Pimelic  Acid,  C7H1204,  are  pro- 
duced by  the  oxidation  of  fats  with  nitric  acid. 

Suberic  Acid,  C8H1404,  has  long  been  known  as  a  product  of 
the  oxidation  of  cork  by  nitric  acid.  Eecently  it  has  been  pro- 
duced, together  with  other  acids  of  the  series,  by  the  long-continued 
action  of  nitric  acid  upon  stearic  and  oleic  acids  and  other  fatty 
bodies.  Suberic  acid  is  a  white  crystalline  powder,  sparingly 
soluble  in  cold  water,  fusible  and  volatile  by  heat. 

Anchoic  Acid,  or  Lepargylic  Acid,  C9H1604,  is  formed,  to- 
gether with  other  products,  by  the  action  of  nitric  acid  on  Chinese 
wax  and  on  the  fatty  acids  of  cocoa-nut  oil.— Azelaic  acid, 
obtained  by  oxidising  castor-oil  with  nitric  acid,  has  the  same 
composition  as  anchoic  acid,  but  differs  so  much  from  it  in 
physical  properties,  that  it  must  be  regarded  as  an  isomeric  or 
allotropic  modification. 

Sebic  or  Sebacic  Acid,  C10Hj„O4  is  a  constant  product  of  the 
destructive  distillation  of  oleic  acid,  olein,  and  all  fatty  substances 
containing  those  bodies;  it  is  extracted  by  boiling  the  distilled 
matter  with  water :  it  is  also  formed  by  the  action  of  potash  on  castor- 
oil  (see  p.  608).    It  forms  small  pearly  crystals  resembling  tnose 
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of  benzoic  acid.  It  has  a  faintly  acid  taste,  is  but  little  soluble  in 
cold  water,  melts  when  heated,  and  sublimes  unchanged. 

Roccellic  Acid,  C17H3204,  exists  in  Boccella  tinctoria,  and  other 
lichens  of  the  same  genus,  also  in  Lecanora  tartarea,  and  is  obtained 
by  exhausting  the  first-mentioned  plant  with  aqueous  ammonia, 
precipitating  the  filtered  liquor  with  calcium  chloride,  and  decom- 
posing the  resulting  calcium  salt  with  hydrochloric  acid.  When 
purified  by  solution  in  ether,  it  forms  white,  retangular,  four-sided 
tabular  crystals,  melting  at  132°,  and  subliming  at  200°,  being 
partially  converted  at  the  same  time  into  an  oxide,  Cl7H30O3. 
This  acid  decomposes  carbonates. 


This  series  includes  the  two  following  groups  of  isomeric  acids : — 

Fumaric  and  Maleic  acids,       .       .       .  C4H404 
Itaconic,  Citraconic,  and  Mesaconic  acids,  C6HG04. 

They  are  unsaturated  compounds,  capable  of  taking  up  two  atoms 
of  hydrogen,  bromine,  and  other  monad  elements,  and  passing  into 
acids  of  the  preceding  series. 

Fumaric  and  Maleic  Acids,  C4H404  =  (C2H2)(C02H)2  = 
(C4H202)(OH)2. — When  malic  acid  is  heated  in  a  small  retort, 
nearly  filled,  it  melts,  emits  water,  and  enters  into  ebullition,  and 
a  volatile  acid  passes  over,  which  dissolves  in  the  water  of  the 
receiver.  After  a  time,  small  solid  crystalline  scales  make  their 
appearance  in  the  boiling  liquid,  and  increase  in  quantity  until 


and  the  contents  of  the  retort,  after  cooling,  treated  with  cold 
water :  unaltered  malic  acid  is  thereby  dissolved  out,  and  fumaric 
acid  is  left  behind.  This  acid  may  also  be  extracted  from  the 
common  fumitory  (Fumaria  officinalis). 

Fumaric  acid  forms  small,  white,  crystalline  laminae,  which 
dissolve  freely  in  hot  water  and  alcohol,  but  require  for  solution 
about  200  parts  of  cold  water:  it  is  unchanged  by  hot  nitric  acid. 
When  heated  in  a  current  of  air  it  sublimes,  but  in  a  retort  it 
undergoes  decomposition  :  this  is  a  phenomenon  often  observed  in 
organic  bodies  at  small  volatility.  Fumaric  acid  forms  acid  and 
neutral  metallic  salts,  and  an  ether,  which,  by  the  action  of 
ammonia,  yields  fumaramide  (C4H202)(NH2),  in  the  form  of  a 
White,  amorphous,  insoluble  powder. 

The  volatile  acid  produced  simultaneously  with  fumaric  acid  is 
called  maleic  acid;  it  may  be  obtained  in  crystals  by  evaporation 
m  a  warm  place.  It  is  very  soluble  in  water,  alcohol,  and  ether, 
has  a  strongly  acid  taste  and  reaction,  and  is  convertible  by  heal 


2. — Fumaric  Series,  CnHon_404. 


The  process  may  now  be  interrupted, 
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into  fumaric  acid.  Maleic  and  fumaric  acids  are  formed  from 
malic  acid  by  separation  of  a  molecule  of  water.  Fumaric  acid, 
when  heated  with  bromine,  combines  with  2  atoms  of  that 
element,  forming  dibromosuccinic  acid,  C4H4Br204,  which 
resembles  in  all  its  properties  the  dibroininated  acid  prepared 
from  succinic  acid  by  direct  substitution.  On  heating  fumaric 
acid  with  hydriodic  acid,  it  passes  into  succinic  acid.  The  same 
reaction  takes  place  on  treating  fivmaric  acid  with  water  and  sodium- 
amalgam  :  C4H404  +  H2  =  C4H604.  The  deportment  of  maleic  acid 
with  bromine  and  nascent  hydrogen  is  perfectly  analogous  to  that 
of  fumaric  acid :  when  treated  with  hydriodic  acid,  it  passes  first 
into  fumaric  acid,  and  then  into  succinic  acid. 

Itaconic,  Citraconic,  and  Mesaconic  Acids,  C5H604. — The 
first  two  of  these  acids  are  produced  by  the  action  of  heat  on  citric 
acid.  When  crystallised  citric  acid  is  heated  in  a  retort,  it  first 
melts  in  its  water  of  crystallisation,  and  then  boils,  giving  off 
water.  Afterwards,  at  about  175°,  vapours  of  acetone  distil  over, 
and  a  copious  disengagement  of  carbon  monoxide  takes  place.  At 
this  time  the  residue  in  the  retort  consists  of  aconitic  acid.  If  the 
distillation  be  still  continued,  carbon  dioxide  is  given  off,  and 
itaconic  acid  crystallises  in  the  neck  of  the  retort.  If  these 
crystals  be  repeatedly  distilled,  an  oily  mass  of  citraconic  oxide  or 
anhydride  is  obtained,  which  no  longer  solidifies.  These  decom- 
positions are  represented  by  the  following  equations : — 


Citric 
acid. 

C5H604 

Itaconic 
acid. 


—  CgHgOg ;     C6H6O0  — 
Aconitic  Aconitic 
acid.  acid. 

H,0  = 


C02  =  C5H604; 

Itaconic 
acid. 

C6H403 

Citraconic 
oxide. 


The  citraconic  oxide  when  exposed  to  the  air  absorbs  moisture, 
and  is  converted  into  crystallised  citraconic  acid,  C5H604. 

Mesaconic  acid  is  produced  by  boiling  itaconic  acid  with  weak 
nitric  acid.  These  three  isomeric  acids  are  all  converted  by 
nascent  hydrogen  into  pyrotartaric  acid,  C6H804.  They  also 
take  up  a  molecule  of  hydrobromic  acid  HBr,  forming  monobro- 
mopyrotartaric  acid,  C5H7Br04,  or  of  bromine,  Br2,  forming  dibro- 
mopyrotartaric  acid.  Itaconic  and  citraconic  acids  are,  however, 
more  hicbned  to  these  transformations  than  mesaconic  acid,  which 
is  altogether  a  more  stable  compound.* 

*  For  an  explanation  of  the  isomerism  between  tliese  three  acids,  see 
Kekule  (Bulletin  de  la  Societe  Royale  de  Belgique  [2],  xxxiv.  8;  also 
Laboratory,  p.  369),  and  Watts's  Dictionary  of  Chemistry,  Supplement, 
p.  48. 
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TRIATOMIC  AND  MONOBASIC  ACIDS. 

These  acids  are  derived  from  triatomic  alcohols  by  substitution 
of  0  for  Ho,  as  glyceric  acid,  C3HG04,  from  glycerin  C3H803 : 

CH,OH  CH2OH 

I  I 
CHOH  CHOH 

CH2OH  COOH 

Glycerin.  Glyceric  acid. 

The  known  acids  of  this  class  belonging  to  the  fatty  group  are 
glyoxylic  acid  and  glyceric  acid. 

Glyoxylic  Acid,  C2H404  =  OH  -  CH2OH  -  COOH,is  produced : 

1.  By  the  action  of  nascent  hydrogen  (evolved  by  zinc  and  sul- 
phuric acid)  on  oxalic  acid  : 

C2H204      +       H2  C2H404. 

2.  By  boiling  silver  bromoglycollate  with  water : 

C2H2AgBr03    +    H20    =    AgBr    +  C2H404. 

3.  By  the  oxidation  of  glycol,  alcohol,  or  glyoxal  with  nitric 
acid : 


C2H602 

Glycol. 

+ 

o3 

=  C2H404 

■f 

H20 

C2H60 

Alcohol. 

+ 

=  C2H404 

+ 

H20 

C2H202 

Glyoxal. 

+ 

0 

+  H20 

C2H404 

Glyoxylic  acid  may  be  obtained  by  evaporation  in  the  form  of 
a  viscid  transparent  syrup,  which  dissolves  readily  in  water,  and 
distils  without  alteration  at  100°.  It  dissolves  zinc  without 
evolution  of  hydrogen,  and  is  converted  into  glycollic  acid  : 
02H404  +  H2  =  C2H403  +  H20.  Glyoxylic  acid  forms  salts 
most  of  which  are  represented  by  the  formulas  MC2H304.  and 
M"(C2H304)2,  e.g.,  the  silver-salt  is  AgC„H304,  and  the  calcium-salt, 
Ca"(C„H304)2.  The  ammonium- salt,  however,  has  the  composi- 
tion (NH4)C'H03,  apparently  derived  from  an  acid  containing 
CjHgOj.  This  is  indeed  the  formula  originally  assigned  to 
glyoxylic  acid  by  Debus*  who  discovered  it.  This  formula  is 
perfectly  consistent  with  the  formation  of  the  acid  by  oxidation  of 
glyoxal,  glycol,  and  alcohol ;  but,  on  the  other  hand,  its  formation 
From  oxalic  and  from  bromoglycollic  acid  Beems rather  to  show  that 
il  consists  of  C2H404.t    Moreover,  if  t  he  acid  were  really  02H203J 

*  Phil.  Mag.  [4],  xii.  86. 
t  Perkin  and  Duppa,  Chera.  Soc.  J.  [2],  vi.  11)7. 
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it  would  be  necessary  to  suppose  that  all  the  glyoxylates,  except 
the  ammonium  salt,  contain  water  of  crystallisation,  the  silver 
for  example,  being  AgC2H03.H20  ;  now,  there  is  no  other  known 
instance  of  a  silver  salt  containing  water.  The  ammoniivm-salt 
above  mentioned  is  perhaps  an  amide,  NH2(C2H303),  formed  from 
ammonium  glyoxylate,  (NH4)C2H304,  by  abstraction  of  water. 

Glyceric  Acid,  C3H0O4,  is  produced  by  the  action  of  nitric  acid 
on  glycerin;  also  by  the  spontaneous  decomposition  of  nitro- 
glycerin, and  by  heating  glycerin  with  bromine  and  a  large 
quantity  of  water  to  100°  in  a  sealed  tube : 

C3H803    +    2Br2    +    H20    =    4HBr    +  C3H604. 

Glyceric  acid,  when  concentrated,  is  a  colourless  non- crystallising 
syrup  which,  when  heated  for  some  time  to  105°,  gives  off  water 
and  is  converted  into  glyceric  oxide  or  anhydride,  C3H403 .  Treated 
with  phosphorus  iodide,  it  is  converted  into  iodopropionic  acid, 
C  H  10 

3Tne  giycerates,  M'C3H504,  and  M"(C3H604)2,  are  soluble  in 
water  and  crystallise  well.  They  are  not  reddened  by  ferrous  sul- 
phate, and  are  thereby  distinguished  from  the  pyruvates,  M'C3H303. 
H20,  with  which  they  are  isomeric. 


TRIATOMIC  AND  BIBASIC  ACIDS. 

The  only  known  acids  of  this  group  are  malic  acid,  C4H605, 
and  tartronic  acid,  C3H405,  obtained  by  the  spontaneous  de- 
composition of  nitrotartaric  acid,  and  perhaps  also  croconic  acid. 
C5H205  (P.  737.). 

COOH 
I 

CHOH 

Malic  Acid,  C4H605  =  (C4H302)'"(OH)3,  or  |  .—This 

9  CH2 


300H 

acid  is  formed  synthetically  by  the  action  of  moist  silver  oxide 
on  monobromosuccinic  acid  : 

2C4H6Br04  +  Ag20  +  H20  =  2AgBr  +  2C4H0O5- 

It  is  also  produced  by  the  action  of  nitrous  acid  on  asparagine, 
a  substance  existing  in  asparagus,  marsh-mallow,  and  other  plants, 
or  on  aspartic  acid,  an  acid  formed  by  the  decomposition  of 
asparagine  under  the  influence  of  acids  or  alkalis  : 

C4H8N203  +  2HN02  =   C4H0O6  +  2H20  +  2N, 

Asparagine.  Malic  acid. 

C4H7N04    +  HN02     =  C4H0O5  +  H,0    +  N2. 

Asp.artic  acid.  Malic  acid. 


MALIC  ACID. 


729 


Malic  acid  is  the  acid  of  apples,  pears,  and  various  other  fruits  : 
it  is  often  associated  with  citric  acid.  It  may  be  advantageously 
prepared  from  the  jiiice  of  the  garden  rhubarb,  in  which  it  exists 
in  large  quantity,  accompanied  by  acid  potassium  oxalate.  The 
rhubarb  stalks  are  peeled,  and  ground  or  grated  to  pulp,  which  is 
subjected  to  pressure.  The  juice  is  heated  to  the  boiling  point, 
neutralised  with  potassium  carbonate,  and  mixed  with  calcium 
acetate  :  insoluble  calcium  oxalate  then  falls,  and  may  be  removed 
by  filtration.  To  the  clear  and  nearly  colourless  liquid,  solution 
of  lead  acetate  is  added  as  long  as  a  precipitate  continues  to  be 
produced,  and  the  lead  malate  is  collected  on  a  filter,  washed,  dif- 
fused through  water,  and  decomposed  by  sulphuretted  hydrogen.* 
The  filtered  liquid  is  carefully  evaporated  to  the  consistence  of  a 
syrup,  and  left  in  a  dry  atmosphere  till  it  becomes  converted  into 
a  solid  and  somewhat  crystalline  mass  of  malic  acid.  From  the 
berries  of  the  mountain-ash  (Sorbus  aucuparia),  in  which  malic  acid 
is  likewise  present  in  considerable  quantity,  especially  at  the  time 
they  begin  to  ripen,  the  acid  may  be  prepared  by  the  same-process. 

Malic  acid  crystallises  in  groups  of  colourless  prisms,  slightly 
deliquescent  and  very  soluble  in  water  :  alcohol  also  dissolves  it. 
The  aqueous  solution  has  an  agreeable  acid  taste  :  it  becomes 
mouldy  and  spoils  by  keeping.  In  contact  with  ferments,  espe- 
cially of  putrefying  cheese,  it  is  decomposed,  yielding  succinic 
and  acetic  acids  and  carbon  dioxide  : 

3C4H606  =  2C4H604  +  C2H402  +    2C02  +  H20. 

Sometimes  also  butyric  acid  and  hydrogen  are  found  among  the 
products  of  the  fermentation.  Malic  acid  is  converted  into 
succinic  acid  by  digesting  it  in  sealed  tubes  with  hydriodic 
acid  : 

C4H606    +    2HI    =    C4H0O4    +    H20    +  I2. 

The  reconversion  of  succinic  into  malic  acid  has  been  already 
mentioned.  The  Sbdium-salt  of  bromomalic  acid,  C4H5BrOfi, 
obtained  by  boiling  an  aqueous  solution  of  sodium  dibromosuc- 
einate  (C4H3NaBr204),  is  converted  by  boiling  with  lime-water 
into  the  calcium-salt  of  tartaric  acid,  C4HcO0 : 

C4HsBr06    +    H20    =    HBr    +  C4H0O0. 

Malic  acid  forms  both  acid  and  neutral  salts.  The  most  char- 
acteristic of  the  malates  are  acid  ammonium  malate,  C4HB(NH4)Os, 
Which  crystallises  remarkably  well,  and  lead  malate,  C4H4Pb"0B, 
3  aq.,  which  is  insoluble  in  pure  water,  but  dissolves  to  a  con- 
siderable extent  in  warm  dilute  acids,  and  separates  on  cooling  in 
brilliant  silvery  crystals,  containing  water.     By  this  character 

*  If  the  acid  be  required  pure,  crystallised  lead  malate  must  be  used, 
the  Freshly  precipitated  salt  invariably  carrying  down  a  quantity  of  lime, 
Which  cannot  lie  removed  by  simple  washing. 
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the  acid  may  be  distinguished.  Acid  calcium  malate,  C4H4Ca"O0. 
C4H605 . 8  aq.,  is  also  a  very  beautiful  salt,  freely  soluble  in  warm 
water.  It  is  prepared  by  dissolving  the  sparingly  soluble  neutral 
malate  in  hot  dilute  nitric  acid,  and  leaving  the  solution  to  cooL 

Malic  acid,  as  it  exists  in  plants,  and  as  obtained  from  aspara- 
gine,  or  from  aspartic  acid  produced  from  the  latter,  exerts  a 
rotatory  action  on  polarised  light ;  [«]  =  —  5° ;  but  by  the  action 
of  nitrous  acid  on  inactive  aspartic  acid  (resulting  from  the  decom- 
position of  fivmarhnide),  Pasteur  has  obtained  a  modification  of 
malic  acid  which  is  also  optically  inactive. 


TRIATOMIC  AND  TRIBASIC  ACIDS. 

But  few  of  these  acids  have  yet  been  obtained  ;  the  most  impor- 
tant are  aconitic  acid  aud  carballylic  acid. 

Aconitic  Acid,  C6H603  =  (C6H303)"'(OII)3,  exists  in  monk's- 
hood  (Aconitum  Napellus),  and  other  plants  of  the  same  genus, 
also  in  Equisetum  fluviatile,  and  is  one  of  the  products  obtained  by 
the  dehydration  of  citric  acid  (p.  726). 

When  crystallised  citric  acid  is  heated  in  a  retort  till  it  begins 
to  become  coloured,  and  to  undergo  decomposition,  and  the  fused, 
glassy  product,  after  cooling,  is  dissolved  in  water,  aconitic  acid 
remains  as  a  white,  confusedly  crystalline  mass,  permanent  in  the 
air,  and  very  soluble  in  water,  alcohol,  and  ether ;  the  solution  has 
an  acid  and  astringent  taste.  The  salts  of  aconitic  acid  possess  but 
little  interest ;  that  of  barium  forms  an  insoluble  gelatinous  mass ; 
calcium  aconitate,  which  is  slightly  soluble  in  water,  is  found 
abundantly  in  the  expressed  juice  of  monk's-hood,  and  magnesium 
aconitate  in  that  of  Equisetum. 

Carballylic  Acid,C6H806=(C6H503y"(OH)3=(C3H6)'"(C02H)3, 
is  produced  by  the  action  of  nascent  hydrogen  on  aconitic  acid, 
and  by  that  of  alcoholic  potash  on  propenyl  tricyanide,  or  tricy- 
anhydrin : 

(C3H5)"'(CN)3  +  3KOH  +  3H20  =  3NH3  +  (C3H6)'"(C02K)3. 

It  forms  colourless  trimetric  crystals  easily  soluble  in  water  and 
alcohol,  slightly  soluble  in  ether.  The  carballylates  of  the  alkali- 
metals  are  easily  soluble  in  water,  the  rest  insoluble  or  sparingly 
soluble.  The  ethylic  ether,  (C6H503)'"(OC,H,)3,  is  a  liquid  boning 
between  295°  and  305°. 
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TETRATOMIC  ACIDS. 

These  acids  may  lie  derived  from  tetratomic  alcohols  by  substi- 
tution of  one,  two,  three,  or  four  atoms  of  oxygen  for  a  correspond- 
ing number  of  hydrogen  molecules : 


CH2OH 

CH,OH 

COOH 

CHOH 

CHOH 

CHOH 

CHOH 

CHOH 

CHOH 

1 

C'H2OH 

COOH 

COOH 

Erythiite. 

Erythric  acid 

Tartaric  acid 

(monobasic). 

(bibasic). 

Only  one  tetratonric  acid  has,  however,  been  actually  formed 
by  oxidation  of  the  corresponding  alcohol,  namely,  erythric  acid, 
C4H805,  from  erythrite,  C4H10O4. 

The  known  tetratomic  acids  are  Gallic  acid,  C7H605,  and 
Erythric  acid,  C4H805,  which  are  monobasic;  Tartaric  acid, 
^4-^6 Op,  and  an  acid,  C5H8O0,  homologous  with  it,  obtained  by 
the  action  of  moist  silver  oxide  on  dibromopyrotartaric  acid,  which 
are  bibasic;  and  Citric  acid,  which  is  tribasic. 

Opianic,  hemipinic,  and  meconic  acids,  are  probably  also 
tetratomic  acids,  the  first  being  monobasic,  the  second  bibasic,  and 
the  third  tribasic. 

Gallic  acid  belongs  to  the  aromatic  group ;  erythric  acid  will 
be  described  with  the  colouring  matters  of  lichens. 

Tartaric  Acid,  C4H6Ofl  =  (C4H202)(OH)4=(C2H2)"  j  jg^H)./ 

— This  formula  includes  four  bibasic  acids,  distinguished  from  one 
another  by  certain  physical  properties,  especially  by  their  crystal- 
line forms,  and  their  action  on  polarised  light — namely,  Dextro- 
tartaric  acid,  which  turns  the  plane  of  polarisation  to  the  right ; 
Levotartaric  acid,  which  turns  it  to  the  left  with  equal  force; 
Paratartaric,  or  Racemic  acid,  which  is  optically  inactive, 
and  separable  into  equal  quantities  of  dextro-  and  levotartaric 
acids ;  and  an  inactive  variety  of  tartaric  acid,  which  is  not  thus 
separable. 

Dextrotartaric  or  Ordinary  Tartaric  Acid. — This  ia  the 
acid  of  grapes,  tamarinds,  pine-apples,  and  several  oilier  fruits, 
in  which  it  occurs  in  the  state  of  an  acid  potassium-salt ;  calcium 
tartrate  is  also  occasionally  met  with.  The  tartaric  acid  of  com- 
merce is  wholly  prepared  from  tartwr  or  argol,  an  impure  acid 
potassium  t  artrate,  deposited  from  wine,  or  rather  from  grape-juice 
in  the  act  of  fermentation.  This  substance  is  purified  by  solution  in 
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hot  water,  with  the  aid  of  a  little  pipe-clay  and  animal  charcoal, 
to  remove  the  colouring  matter  of  the  wine,  and  subsequent  crys- 
tallisation :  it  then  constitutes  cream  of  tartar,  and  serves  for  the 
preparation  of  the  acid.  The  salt  is  dissolved  in  boiling  water, 
and  powdered  chalk  is  added  as  long  as  effervescence  is  excited,  or 
the  liquid  exhibits  an  acid  reaction :  calcium  tartrate  and  neutral 
potassium  tartrate  result ;  the  latter  is  separated  from  the  former, 
which  is  insoluble,  by  nitration.  The  solution  of  potassium  tar- 
trate is  then  mixed  with  excess  of  calcium  chloride,  which  throws 
down  all  the  remaining  acid  in  the  form  of  calcium-salt:  this  ia 
washed  and  added  to  the  former  portion,  and  the  whole  is  digested 
with  a  sufficient  quantity  of  dilute  sulphuric  acid  to  withdraw  the 
base,  and  liberate  the  tartaric  acid.  The  filtered  solution  is 
cautiously  evaporated  to  a  syrupy  consistence,  and  placed  to  crys- 
tallise in  a  warm  situation.  Lie  big  has  found  that  tartaric  acid  is 
artificially  produced  by  the  action  of  nitric  acid  upon  milk-sugar. 
It  may  also  be  obtained  from  succinic  acid. 

Succinic  acid,  C4H604,  when  submitted  to  the  action  of  bromine, 
yields  two  substitution-products,  bromosuccinic  acid,  C4H5Br04, 
and  dibromosuccinic  acid,  C4H4Br204.  The  latter,  when  treated 
with  silver  oxide  in  presence  of  water,  is  converted  into  tartaric 
acid  and  silver  bromide :  C4H4Br904  +  Ag20  +  H20  =  C4Hc06  + 
2AgBr. 

Tartaric  acid  forms  colourless,  transparent  crystals,  often  of 
large  size,  which  have  the  figure  of  an  oblique  rhombic  prism 
more  or  less  modified ;  they  are  permanent  in  the  air,  and  inodor- 
ous ;  they  dissolve  with  great  facility  in  water,  both  hot  and  cold, 
and  are  soluble  also  in  alcohol.  The  solution  reddens  litmus 
strongly,  and  has  a  pure  acid  taste.  The  aqueous  solution,  as 
above  mentioned,  exhibits  right-handed  polarisation.  This  solu- 
tion is  gradually  spoiled  by  keeping.  Tartaric  acid  is  consumed 
in  large  quantities  by  the  calico-printer,  being  employed  to  evolve 
chlorine  from  solution  of  bleaching  powder,  in  the  production  oi 
white  or  discharged  patterns  upon  a  coloured  ground. 

Tartrates. — Tartaric  acid  is  tetratomic  and  bibasic,  two  only 
of  its  hydrogen  atoms  being  replaceable  by  metals,  the  other  two 
by  alcoholic  or  acid  radicals.  With  monad  metals  it  forms  acid 
and  neutral  salts,  C4H5M'06,  and  C4H4M2Og;  with  dyad  metals, 
neutral  salts,  C4H4M"Oe,  and  double  salts,  like  bario-potassic  tar- 
trate, C4H4Ba"OB.C4H4K2O0.  With  triad  metals  it  forms  a 
peculiar  class  of  salts,  best  known  in  the  case  of  the  antimony-saM 
(p.  733). 

Potassium  Tartrates. — The  neutral  salt,  C4H4K2Oc,  may  be 
procured  by  neutralising  cream  of  tartar  with  chalk,  as  in  the  pre- 
paration of  the  acid,  or  by  adding  potassium  carbonate  to  cream 
of  tartar  to  saturation ;  it  is  very  soluble,  and  crystallises  with 
difficulty  in  right  rhombic  prisms,  wbich  are  permanent  in  the 
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air,  and  have  a  bitter,  saline  taste.  The  acid  salt,  or  cream  of 
tartar,  C4H5K06,  the  origin  and  preparation  of  which  have  been 
already  described,  forms  irregular  groups  of  small  transparent  or 
translucent  prismatic  crystals  which  grate  between  the  teeth. 
It  dissolves  pretty  freely  in  boiling  water,  but  the  greater  part 
separates  as  the  solution  cools,  leaving  about  ^\  or  less  dissolved 
in  the  cold  liquid.  The  salt  has  an  acid  reaction  and  a  sour 
taste.  When  exposed  to  heat  in  a  close  vessel,  it  is  decomposed, 
with  evolution  of  inflammable  gas,  leaving  a  mixture  of  finely 
divided  charcoal  and  pure  potassium  carbonate,  from  which  the 
latter  may  be  extracted  by  water.  Cream  of  tartar  is  almost 
always  produced  when  tartaric  acid  in  excess  is  added  to  a 
moderately  strong  solution  of  a  potassium-salt,  and  the  whole 
agitated  (p.  328). 

Sodium  Tartrates. — Two  of  these  salts  are  known — a  neutral 
salt,  C4H4Na206  +  2  aq. ;  and  an  acid  salt,  C5H5NaO0  +  aq.  Both 
are  easily  soluble  in  water,  and  crystallisable.  Tartaric  acid  and 
sodium  bicarbonate  form  the  ordinary  effervescing  draughts. 

Potassium  and  Sodium  tartrate;  Rochelle  or  Seignette  salt, 
C4H4KNaOB-f-4  aq. — This  beautiful  salt  is  made  by  neutralising 
a  hot  solution  of  cream  of  tartar  with  sodium  carbonate,  and 
evaporating  to  the  consistence  of  thin  syrup.  It  separates  in 
large,  transparent,  prismatic  crystals,  the  faces  of  which  are 
unequally  developed  :  these  effloresce  slightly  in  the  air,  and  dis- 
solve in  1  i  parts  of  cold  water.  Acids  precipitate  cream  of  tartar 
from  the  solution.  Rochelle  salt  has  a  mild  saline  taste,  and  is 
used  as  a  purgative. 

Ammonium  Tartrates. — The  neutral  tartrate  is  a  soluble  and 
efflorescent  salt,  containing  C4H4(NH4)20(j  4-  aq.  The  acid  tartrate, 
C4H,(NH4)08,  closely  resembles  ordinary  cream  of  tartar.  A  salt 
corresponding  to  Rochelle  salt  also  exists,  having  ammonium  in 
place  of  sodium. 

The  tartrates  of  calcium,  harium,  strontium,  magnesium,  and  of 
most  of  the  heavy  metals,  are  insoluble,  or  nearly  so,  in  water. 

Potassio-antimonious  Tartrate,  or  tartar  emetic,  is  easily 
made  by  boiling  antimony  trioxide  in  solution  of  cream  of  tartar  : 
it  is  deposited  from  a  hot  and  concentrated  solution  in  crystals 
derived  from  an  octohedron  with  rhombic  base,  which  dissolve 
without  decomposition  in  15  parts  of  cold  and  3  of  boiling  water, 
and  have  an  acrid  and  extremely  disagreeable  metallic  taste.  The 
Solution  is  decomposed  by  both  acids  and  alkalis:  the  former 
fchxowa  down  a  mixture  of  cream  of  tartar  and  antimony  trioxide, 
and  the  latter  the  trioxide,  which  is  again  dissolvod  by  great  ex- 
cess of  the  reagent.  Sulphuretted  hydrogen  separates  all  the 
antimony  in  the  state  of  bisulphide.  The.  dry  unit  heated  on 
ohaTcoal  before  the  blowpipe,  yields  a  globule' of  metallic  anti- 
mony. The  crystals  contain  2C.1H,1K(SbO)Ou  +  aq.,  the  group  ShO 
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acting  as  a  univalent  radical,  and  replacing  one  atom  of  hydrogen. 
When  dried  at  100°,  they  give  off  their  water  of  crystallisation, 
and  at  200°  an  additional  molecule  of  water,  leaving  the  compound 
C4H2K(SbO)05,  which  has  the  constitution  of  a  salt,  not  of  tartaric, 
hut  of  tartrelic  acid,  C4H405.  Nevertheless,  when  dissolved  in 
water,  the  crystals  again  take  up  the  elements  of  water,  and  re- 
produce the  original  salt. 

An  analogous  compoimd,  containing  arsenic  in  place  of  anti- 
mony, has  been  obtained.  It  has  the  same  crystalline  form  as 
tartar  emetic. 

A  solution  of  tartaric  acid  dissolves  ferric  hydrate  in  large 
quantity,  forming  a  brown  liquid,  which  has  an  acid  reaction,  and 
dries  up  hy  gentle  heat  to  a  brown,  transparent,  glassy  substance, 
destitute  of  all  traces  of  crystallisation.  It  is  very  soluble  in 
water,  and  the  solution  is  not  precipitated  by  alkalis,  either  fixed 
or  volatile.  Indeed,  tartaric  acid,  added  in  sufficient  quantity  to 
a  solution  of  ferric  oxide,  or  alumina,  entirely  prevents  the  pre- 
cipitation of  the  bases  hy  excess  of  ammonia.  Tartrate  and  am- 
mouiacal  tartrate  of  iron  are  used  in  medicine,  these  compounds 
having  a  less  disagreeable  taste  than  most  of  the  iron  prepara- 
tions. 

Solutions  of  tartaric  acid  give  with  lime  and  baryta- water,  and 
with  lead  acetate,  white  precipitates,  which  dissolve  in  excess  of 
the  acid ;  with  neutral  calcium  and  barium-salts  no  change  is 
produced.  Silver  nitrate  produces  in  neutral  tartrates  a  white 
precipitate  of  silver  tartrate,  which  dissolves  in  ammonia.  On 
gently  heating  the  solution,  a  bright  metallic  deposit  of  silver  is 
formed.  The  reaction  of  tartaric  acid  with  solutions  of  potassium- 
salts  has  been  already  noticed  (p.  328). 

Tartaric  Ethers. — 1:  Tartaric  acid  forms,  with  monatomic 
alcohol-radicals,  acid  and  neutral  ethers,  in  which  one  or  both  of 
the  atoms  of  hasic  hydrogen  in  its  molecule  is  replaced  hy  an 
alcohol-radical.  These  compounds  may  he  conveniently  formu- 
lated as  follows : 

Tartaric  acid.  Acid  ethyl  tartrate.  Neutral  ethyl  tartrate. 

The  acid  ethers  are  monohasic  acids,  formed  hy  the  direct  action 
of  tartaric  acid  on  the  respective  alcohols ;  the  neutral  ethers  are 
formed  by  passing  hydrochloric  acid  gas  into  a  solution  of  tartaric 
acid  in  an  alcohol.  Further,  hy  treating  these  neutral  ethers  with 
chlorides  of  acid  radicals,  other  neutral  ethers  are  formed,  in  which 
one  or  more  of  the  alcoholic  hydrogen-atoms  are  replaced  by  acid 
radicals.*  In  this  manner  are  formed  such  compounds  as  the 
following : 

*  Perkin,  Chera.  Soc.  Journ.  [2],  v.  139. 
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(  OH  (  OC2H30     (C  tt  y,  ( (OH), 

(W   OC2H30     (C2H2)"  ^  OC7H60     Jbe>j,f  J  (02OH402)'' 
( (C02C2H5)2  (  (C02C2H5)2  W  ( (C02C2H5).; 

Ethyl  aceto-tartrate.  Ethyl  aceto-benzo-  Ethyl  succino- 

tartrate.  tartrate. 

The  alcoholic  hydrogen  in  these  neutral  ethers  may  he  replaced  by 
potassium  and  sodium. 

2.  There  are  also  bibasic  tartaric  ethers  formed  by  replacing  the 
alcoholic  hydrogen  of  tartaric  acid  with  acid  radicals ;  e.  g. : 

«W  { <  W  \  $o%f  '2   ( W  i 

Benzntartaric  Diacetotartaric  Dinitrotartavic 

acid.  acid.  acid. 

3.  Lastly,  tartaric  acid  forms  ethers  with  glycol,  glycerin,  man- 
nite,  glucose,  and  other  polyatomic  alcohols. 

Action  of  Heat  on  Tartaric  Acid. — When  crystallised  tartaric 
acid  is  exposed  to  a  temperature  of  about  204°,  it  melts,  loses 
water,  and  yields  in  succession  three  different  anhydrides,  viz. : 

Ditartaric  or  Tartralic  acid,  .  O8H10On  =  2C4H0O6  -  H20 
Tartrelic  acid,  .  .  •  i  n  tt  n  _nirn  wrv 
Insoluble  tartaric  anhydride,  .  \  ^M4U5   '  L4«-euc  ~ 

The  first  two  are  soluble  in  water,  and  form  salts  which  have  pro- 
perties completely  different  from  those  of  ordinary  tartaric  acid. 
The  third  is  a  white  insoluble  powder.  All  three,  in  contact  with 
water,  slowly  pass  into  ordinary  tartaric  acid. 

Tartaric  acid,  subjected  to  destructive  distillation,  is  resolved  into 
carbon  dioxide  and  pyrotartaric  acid,  C3H604. 
_  When  tartaric  acid  is  heated  to  204-5°,  with  excess  of  potas- 
sium hydrate,  it  is  resolved,  without  charring  or  secondary  decom- 
position, into  oxalic  and  acetic  acids,  which  remain  in  union  with 
the  base,  and  only  undergo  decomposition  at  a  much  higher  tem- 
perature : 

C4Hfl08  +  2KHO  =  C2KHO.,  +  C2H,K02  +  2H20. 

Tartaric  Acid  potas-  Potassium 

acid-  8ium  oxalute.  acetate. 

Paratartaric  or  Racemic  Acid. — The  grapes  cultivated  in 
certain  districts  of  the  Upper  Rhine,  and  in  the  Vosges,  contain, 
m  association  with  tartaric  acid,  another  acid  body  to  which 
the  above  names  are  given.  This  acid  is  rather  less  soluble  than 
tartaric  acid,  and  separates  first  from  (he  solution  of  that  sub- 
stance. Between  these  two  acids,  however,  a  very  great  resem- 
blance exists  ;  they  have  exactly  the  same  composition,  and  yield, 
when  exposed  to  heat,  the  same  products ;  the  salts  of  racemic  acicl 
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correspond,  also,  in  the  closest  manner,  with  the  tartrates.  A 
solution  of  racemic  acid,  however,  precipitates  a  neutral  calcium- 
salt,  which  is  not  the  case  with  tartaric  acid.  A  solution  of  race- 
mic acid  does  not  rotate  the  plane  of  polarisation. 

Eacemic  acid  has  been  made  the  subject  of  some  exceedingly  inte- 
resting researches  by  Pasteur,  which  have  thrown  much  fight  upon 
the  relation  of  this  acid  to  tartaric  acid.  If  racemic  acid  be  satu- 
rated with  potash,  or  soda,  or  with  most  other  bases,  crystals  are 
obtained,  which  are  identical  in  form  and  physical  properties. 
By  saturating  racemic  acid,  however,  with  two  bases,  by  forming, 
for  iastance,  racemates  corresponding  to  Kochelle  salt,  which 
contain  potassium  and  sodium,  or  ammonium  and  sodium,  and 
allowing  the  solution  to  crystallise  slowly,  two  varieties  of  crystals 
are  produced,  which  may  be  distinguished  by  their  form,  each  of 
them  containing  hemiheclral  faces  (p.  291),  equal  in  number  and 
exactly  similar  in  form,  but  developed  on  opposite  sides  of  the  two 
crystals,  so  that  each  of  them  may  be  regarded  as  the  reflected 
image  of  the  other,  or  as  right-handed  and  left-handed.  If  the 
two  kinds  of  crystals  are  carefully  selected  and  separately  crystal- 
lised, crystals  of  the  one  variety  only  are  deposited  in  each  case. 
The  composition,  the  specific  gravity,  and,  in  fact,  most  of  the 
physical  properties  of  these  two  varieties  of  sodio-potassic  race- 
mate,  are  invariably  the  same.  .  They  differ,  however,  somewhat 
in  their  chemical  characters,  and  especially  in  one  point:  they 
rotate  the  plane  of  polarisation  in  opposite  directions.  These  two 
varieties  of  crystals  contain  two  modifications  of  the  same  acid,  dis- 
tinguished, according  as  the  salt  possesses  right-  or  left-handed 
polarisation,  by  the  terms  dextro-racemic  and  levo-racemic,  or  dextro- 
and  levo-tartaric  acids.  These  acids  may  be  separated  by  converting 
the  above  compounds  into  lead-  or  barium-salts,  and  decomposing 
them  by  means  of  sulphuric  acid.  In  this  manner  two  crystalline 
acids  are  obtained,  identical  in  every  respect,  excepting  in  their 
deportment  with  polarised  light,  and  in  their  crystals  being  related 
to  each  other  in  the  manner  above  mentioned.  Dextrotartaric  acid 
is  nothing  but  common  tartaric  acid.  A  mixture  of  equal  parts 
of  the  two  acids  has  no  longer  the  slightest  effect  on  polarised 
light,  and  exhibits  in  every  respect  the  deportment  of  racemic 
acid. 

Pasteur,  in  continuing  his  beautiful  researches,  has  also  made 
the  important  discovery  that  racemic  acid  may  be  artificially  pro- 
duced by  the  action  of  heat  upon  certain  compounds  of  tartaric 
acid  which  are  capable  of  resisting  a  high  temperature.  When 
tartrate  of  cinchonine  *  or  tartaric  ether,  is  exposed  to  a  tempera- 
ture of  about  170°,  and  the  product  thus  formed  is  repeatedly  boiled 
with  water,  a  solution  is  obtained,  which,  when  mixed,  after  cool- 
ing,  with  an  excess  of  calcium  chloride,  yields  a  considerable  pre- 


*  See  the  Chapter  on  Orgauic  Bases. 
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cipitate  of  calcium  racemate.  Compounds  of  levotartaric  acid 
when  submitted  to  the  action  of  heat,  likewise  furnish  racemic 
acid.  The  formation  of  racemic  acid  in  these  reactions  is  accom- 
panied by  the  production  of  a  fourth  modification  of  tartaric  acid, 
which  Pasteur  calls  inactive  tartaric  acid.  Like  racemic  acid,  it 
has  no  action  on  polarised  light,  but  it  cannot,  like  the  latter,  be 
resolved  into  levo-  and  dextro-tartaric  acids. 

Rhodizonic  Acid,  C5H4Oc. — When  potassium  is  heated  in  a 
stream  of  dry  carbon  monoxide,  the  latter  is  absorbed  in  large 
quantity,  and  a  black  porons  substance  generated,  which,  accord- 
ing to  Brodie,  contains  COK3.  Brought  in  contact  with  water  it 
decomposes  with  great  violence,  and  even  the  dry  substance  occa- 
sionally explodes ;  when  anhyclrous  alcohol  is  poured  upon  it,  a 
great  elevation  of  temperature  ensues,  but  the  decomposition  is  far 
less  violent  than  with  water.  The  product  of  this  reaction  is 
potassium  rhodizonate,  which  remains  as  a  red  powder,  insoluble 
in  alcohol,  but  soluble  in  water  with  a  deep  red  colour.  This  salt 
probably  contains  C5H2K2O0. 

When  solution  of  potassium  rhodizonate  is  boiled,  it  becomes 
orange-yellow  from  decomposition  of  the  acid,  and  is  then  found 
to  contain  free  potash,  and  a  salt  of  Cro  conic  acid,  C3H,Of. 
This  acid  can  be  isolated ;  it  is  yellow,  easily  crystallisable,  soluble 
both  in  water  and  alcohol.    It  is  likewise  bibasic. 

Citric  Acid,  CgH807. — This  acid  is  obtained  in  large  quantities 
from  the  juice  of  lemons :  it  is  found  in  many  other  fruits,  as  in 
gooseberries,  currants,  &c,  in  conjunction  with  nialic  acid.  In 
the  preparation  of  this  acid,  the  juice  is  allowed  to  ferment  a  short 
time  in  order  that  mucilage  and  other  impurities  may  separate  and 
subside ;  the  clear  liquor  is  then  carefully  saturated  with  chalk, 
whereby  insoluble  calcium  citrate  is  produced.  This  is  thoroughly 
washed,  decomposed  by  the  proper  quantity  of  sulphuric  acid 
diluted  with  water,  and  the  filtered  solution  is  evaporated  to  a 
small  bulk,  and  left  to  crystallise.  The  product  is  drained  from 
the  mother-liquor,  redissolved,  digested  with  animal  charcoal,  and 
again  concentrated  to  the  crystallising  point. 

Citric  acid  crystallises  in  two  different  forms.  The  crystals 
which  separate  by  spontaneous  evaporation  from  a  cold  saturated 
solution,  are  trimetric  prisms,  containing  C0H8Cv.H2O,  whereas 
those  which  are  deposited  from  a  hot  solution  have  a  different 
form  and  contain  2C0H„O7.  H20.— Citric  acid  has  a  pure  and 
agreeable  acid  taste,  and  dissolves,  with  great  ease,  in  both  hot  and 
cold  water;  the  solution  strongly  reddens  litmus,  and  when  long 
kept,  is  subject  to  spontaneous  change.  Citric  acid,  when  brought 
in  contact  with  putrid  flesh  as  a  ferment,  yields  butyric  arid  and 
small  quantities  of  succinic  ac'd.  It  is  entirely  decomposed  when 
heated  willi  sulphuric  and  nitric  acids  :  'the  hitter  converts  it  into 
oxalic  acid.    Caustic  potash,  at  a  high,  temperature,  resolves  il 
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into  acetic  and  oxalic  acids.  The  alkaline  citrates,  treated  with 
chlorine,  yield  chloroform,  together  with  other  products. 

Citric  acid  is  tetratomic  and  tribasic,  and  may  he  represented  by 

I  CH2OH 

the  formula  (W  j  (C02H)3,or  W  {  '   *  ^  y<* 

been  obtained  by  any  synthetical  process.  With  potassium  it 
forms  a  neutral  salt  containing  C6H5K307,  and  two  acid  salts  con- 
taining respectively  C8H0K2O7  and  CflH7K07;  and  similar  salts 
with  the  other  alkali-metals.  With  dyad  metals  it  chiefly  forms 
salts  in  which  two  or  three  hydrogen-atoms  in  the  molecule 
C,HR07,  are  replaced  by  metals;  with  calcium,  for  example,  it 
forms  the  salts  CGH6Ca"07 .  aq.,  and  (CcH507)2Ca"3.  aq.  With  lead 
it  forms  two  salts  similar  in  constitution  to  the  calcium  salts,  and 
likewise  a  tetraplumbic  salt  containing  (C6H607)2PbY  Ph''H202. 

The  citrates  of  the  alkali-metals  are  soluble  and  crystallise  with 
greater  or  less  facility ;  those  of  barium,  strontium,  calcium,  lead, 
and  silver  are  insoluble. 

Citric  acid  resembles  tartaric  acid  in  its  relations  to  ferric  oxide, 
preventing  the  precipitation  of  that  substance  by  excess  of  ammonia. 
The  citrate  obtained  by  dissolving  hydrated  ferric  oxide  in  solution 
of  citric  acid,  dries  up  to  a  pale-brown,  transparent,  amorphous 
mass,  which  is  not  very  soluble  in  water ;  an  addition  of  ammonia 
increases  the  solubility.  Citrate  and  ammonia-citrate  of  iron  are 
elegant  medicinal  preparations.  Very  little  is  known  respecting 
the  composition  of  these  curious  compounds  :  the  absence  of 
crystallisation  is  a  great  bar  to  exact  inquiry. 

Citric  acid  is  sometimes  adulterated  with  tartaric  acid:  the 
fraud  is  easily  detected  by  dissolving  the  acid  in  a  little  cold 
water,  and  adding  to  the  solution  a  small  quantity  of  potassium 
acetate.  If  tartaric  acid  be  present,  a  white  crystalline  precipitate 
of  cream  of  tartar  will  be  produced  on  agitation. 

Citric  acid  forms  ethers  in  which  1,  2,  or  3  hydrogen-atoms  are 
replaced  by  methyl  and  other  monad  alcohol-radicals. 


Meconic  Acid,  C7H407,  is  a  tribasic  acid  existing  in  opium. 
To  prepare  it,  the  liquid  obtained  by  exhausting  opium  with 
water,  is  neutralised  with  powdered  marble  and  precipitated 
by  calcium  chloride  ;  and  the  calcium  meconate  thus  precipitated 
is  suspended  in  warm  water  and  treated  with  hydrochloric  acid; 
on  cooling,  impure  meconic  acid  crystallises,  which  may  be  purified 
by  repeated  treatment  with  hydrochloric  acid.  The  pure  acid 
crystallises  in  mica-like  plates,  easily  soluble  in  boiling,  difficultly 
soluble  in  cold  water,  soluble  likewise  in  alcohol.  The  crystals 
contain  C7H407 . 3  aq.  and  give  off  their  water  at  100°.  The  meconates 
are  mono-,  hi-,  and  tri-metallic.  There  are  two  silver  meconates, 
one  yellow,  containing  C-HAg307;  the  other  white,  consisting 
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of  C7H2Ag207.  Meconic  acid  produces  a  deep  red  colour  with 
ierric  salts. 

Comenic  Acid,  CeH406J  is  a  product  of  decomposition  of 
meconic  acid.  When  an  aqueous,  or,  better,  a  hydrochloric 
solution  of  meconic  acid  is  boiled,  carbon  dioxide  is  evolved  and 
the  solution  now  contains  comenic  acid,  which  crystallises  on 
cooling,  bemg  very  difficultly  soluble  in  cold  water.  The  same 
acid  may  be  obtained  by  heating  meconic  acid  to  200°.  It  is 
bibasic :  its  formation  is  represented  by  the  equation  C7H  0  = 
C6H405  -(-  C02.  4  7 

Pyromeconic  oT  Pyrocomenic  Acid,  C5H403,  is  a  monobasic 
acid  formed  by  submitting  either  comenic  or  meconic  acid  to  dry 
distillation,  one  molecule  of  carbon  dioxide  being  evolved  in  the 
lormer  case  and  two  in  the  latter. 

Pyrocomenic  acid  is  a  weak  acid :  it  is  soluble  in  water  and 
alcohol:  from  these  solutions  it  crystallises  in  long  colourless 
needles  which  melt  at  120°,  and  begin  to  sublime  at  the  boiling 
point  of  water.  Both  comenic  and  pyrocomenic  acids  exhibit  the 
red  coloration  with  ferric  salts. 

Chelidonic  Acid,  C7H4Os,  a  tribasic  acid  much  resembling 
meconic  acid,  is  extracted  from  the  Chelidonium  maius,  in  which  it 
exists  combined  with  lime,  and  associated  with  malic  and  fumaric 
acida  It  crystallises  in  slender,  colourless,  easily  soluble  needles, 
containing  C7H405.aq  When  exposed  to  a  high  temperature,  it 
yields  a  pyro-acid,  with  evolution  of  water  and  carbon  dioxide. 

The  following  acids  derived  from  opium  bases  may  also  here, 
be  noticed :  J 

Opianic  A  cid,  C,0H10O5,  is  a  monobasic  acid,  produced,  together 
pith  cotarnme,  C12H13N03,  by  oxidation  of  narcotine  : 

C22H23N07    +    0    =    C12H13N03    +  C10H10O5. 
It  crystallises  in  prisms,  slightly  soluble  in  cold,  easily  soluble 
m  boding  water,  also  in  alcohol  and  ether,  and  melts  at  140° 

KiCSSorr" {t  into  meconic  acid'  Ci°Hi(A' and  hemi: 

2C10H10O6    =    C10H10O4   +  C10H10O0. 

,1  Jiamm0nhVn  Sf  *  °f  •°lli?nic  acid  yieMs.  wIjen  evaporated  to 
TOess^  a  nearly  white  insoluble  powder,  called  opiammone, 

annnoni  '     COnvertlWe  ^  strong  into  opianic  acid  and 

Jj'fh'inic  Acid  is  also  produced  by  oxidation  of  opianic  acid 
anci  ol  narcotine.  It  crystallises  in  colourless  oblique  prisms,  or 
,  rh°mpobedrons,  melting  at  180°;  sligh'tly  soluble  in  cold  water, 
"*'!''■  '7*r,I-Y  m  alcohol  and  ether.  Heated*  with  excess  of  strong 
nyarocnlonc  acid,  it  is  resolved  into  carbon  dioxide,  methyl 


740 


FATTY  GROUP  !  HEXATOMIC  ACIDS. 


chloride,  aud  an  acid,  C8H804,  homologous  with,  oxysalicylic 
acid : 

C10H10OG    +    HC1    =    CO,    +    CH3CI    +  C8H804. 

Heinipinic  acid  is  bihasic;  it  is  distinguished  from  opianic  acid 
by  forming  insoluble  salts  with  lead,  silver,  and  iron. 


HEXATOMIC  ACIDS. 

Three  acids  of  this  class  are  known ;  namely,  mannitic,  saccharic, 
and  mucic  acids,  all  of  which  appear  to  be  hibasic. 

Mannitic  Acid,  C0H12O7,  is  produced  by  oxidation  of  mannite, 
C6H140G,  under  the  influence  of  platinum  black.  It  is  a  gummy 
mass,  soluble  in  water  and  in  alcohol,  insoluble  in  ether.  Accord- 
ing to  its  constitution  (p.  631)  it  might  be  expected  to  he  mono- 
basic, hut  from  the  observations  of  Gorup-Besanez,  who  dis- 
covered it,  it  appears  to  he  bibasic,  its  potassium-salt  containing 
C6H10K2O7,  and  the  calcium-salt,  C6H10Ca//O7. 

Saccharic  Acid,  C„H10O8  =  (C4H4)"  j  [co?Hy— ™S  acid  is 
produced  by  the  action  of  dilute  nitric  acid  on'cane-sugar,  glucose, 
milk-sugar,  and  mannite,  and  is  often  formed  in  the  preparation 
of  oxalic  acid,  being,  from  its  superior  solubility,  found  in  the 
mother-liquor  from  which  the  oxalic  acid  has  crystallised.  It  may 
be  made  by  heating  together  1  part  of  sugar,  2  parts  of  nitric  acid, 
and  10  parts  of  water.  When  the  reaction  seems  terminated,  the  acid 
liquid  is  diluted,  neutralised  with  chalk,  and  the  filtered  liquid  is 
mixed  with  lead  acetate.  The  insoluble  lead  saccharate  is  washed, 
and  decomposed  by  sulphuretted  hydrogen.  The  acid  slowly 
crystallises  from  a  solution  of  syrupy  consistence  in  long  colourless 
needles ;  it  has  a  sour  taste,  and  forms  soluble  salts  with  lime  and 
haryta.  When  mixed  with  silver  nitrate  it  gives  no  precipitate, 
hut,  on  the  addition  of  ammonia,  a  white  insoluble  substance 
separates,  which,  on  gently  warming  the  whole,  is  reduced  to  metal- 
lic silver,  the  vessel  being  lined  with  a  smooth  and  brill  unit 
coating  of  the  metal.  Nitric  acid  converts  saccharic  into  oxalic 
acid.  _  , 

There  are  two  potassium  saccharates,  containing  Cr,H9K08  ana 
C„H8K208 ;  the  silver-salt  contains  C„H8Ag208 ;  the  barium,  mag- 
nesium, zinc,  and  cadmium  salts  have  the  composition  CfiH8M"Os ; 
and  there  are  two  ethylic  ethers,  containing  C0H9(C2H6)08  and 
C„H8(C2H6)208.  In  these  compounds  saccharic  acid  appears  to  be 
bibasic,  as°might  be  expected  from  its  mode  of  formation  (p.  631); 
the  composition  of  the  lead-salts,  however,  seems  to  show  that  it 
is  sexhasic  as  well  as  hexatomic,  for  Heintz  has  obtained  a  lead- 
salt  containing  C0H4Pb"3O8 ;  but  the  composition  of  the  lead 
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saccharaifes  varies  considerably  according  to  the  manner  in  which 
they  are  prepared. 

Mucic  Acid,  CcH10O8. — This  acid,  isomeric  with  saccharic  acid, 
is  produced,  together  with  a  small  quantity  of  oxalic  acid,  by  the 
action  of  rather  dilute  nitric  acid  on  sugar  and  gum.  It  may  be 
easily  prepared  by  heating  together  in  a  flask  or  retort,  1  part  of 
milk-sugar  or  gum,  4  parts  of  nitric  acid,  and  1  part  of  water ;  the 
mucic  acid  is  afterwards  collected  upon  a  filter,  washed  and  dried. 
It  has  a  slightly  sour  taste,  and  reddens  vegetable  colours.  It 
requires  for  solution  66  parts  of  boiling  water.  Oil  of  vitriol  dis- 
solves it,  with  production  of  a  red  colour.  Mucic  acid  is  decom- 
posed by  heat,  yielding,  among  other  products,  pyromucic  acid, 
CoHj03)  which  is  volatile,  soluble  in  water,  and  crystallises  in  a 
form  resembling  that  of  benzoic  acid. 

Mucic  acid  is  bibasic,  yielding  for  the  most  part  neutral  salts 
containing  C0H8M2O8  and  C6H8M"08 ;  with  the  alkali-metals  it 
also  forms  acid  salts  such  as  CeH9K08.  There  are  also  mucic 
ethers,  containing  one  and  two  equivalents  of  monad  alcohol- 
radical. 


Sulpho- Acids. 

This  name  is  applied  to  a  group  of  acids  formed  from  hydrocar- 
bons, alcohols,  acids,  and  amides,  by  the  action  of  fuming  sulphuric 
acid  or  sulphuric  oxide.  They  contain  the  elements  of  a  hydro- 
carbon, an  alcohol,  or  an  acid,  combined  with  one  or  two  molecules 
of  sulphuric  oxide,  and  may  be  regarded  as  derived  from  hydro- 
carbons, alcohols,  and  acids  by  substitution  of  the  univalent  radical, 
803H,  for  hydrogen;  thus,  sulphacetic  acid,  C2H4SOfi,  has  the 
composition : 

0 

C2H402.S03,  or  CH2(S03H).C02H,  or  HO— S— CH„ 

0    COOH . 

The  sulphur  in  these  acids  is  in  immediate  combination  with  the 
carbon  ;  in  this  respect  they  differ  from  sulphuric  ethers  (p.  563), 
in  which  the  sulphur  is  united  with  carbon  only  through  the 
medium  of  oxygen. 

Sulphacetic  Acid  is  produced  by  digesting  glacial  acetic  acid 
with  sulphuric  oxide  at  60°-75°  for'  several  days.  The  aqueous 
solution  of  the  mass  saturated  with  barium  or  lead  carbonate 
deposits  a  crystalline  barium  or  lead-salt,  containing  respectively 
C2H2Ba  S06. 1£  aq.  and  C2H2Pb"SOfi.  From  these  salts  the  acid 
may  be  obtained  by  means  of  sulphuric  or  sulphydric  acid.  It  is 
bibasic,  since  it  contains  t  wo  equivalents  of  hydroxy!  in  immediate 
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association  with  oxygen,  one  belonging  to  the  group  C02H,  the 
other  to  the  group  S03H. 

When  sulphacetic  acid  is  subjected  to  the  prolonged  action  of 
fuming  sulphuric  acid,  carbon  dioxide  is  evolved,  and  disulpho- 
metholic  or  rnethionic  acid,  CH4S20G,  or  CH2(S03H)2,  is 
formed,  which  is  also  bibasic,  and  may  be  derived  from  methane, 
CH4,  by  substitution  of  2S03H  for  H2.  The  product  diluted  with 
water  and  saturated  with  barium  carbonate,  yields  a  beautifully 
crystallised,  and  rather  sparingly  soluble  barium-salt,  containing 
CH2S206Ba" ;  from  this  salt  the  acid  may  be  separated  by  sulphuric 
acid. 

Both  sulphacetic  and  disulphometholic  acids  may  be  produced 
by  the  action  of  fuming  sulphuric  acid  on  acetamide  or  on  acetoni- 
trile,  the  former  when  the  mixture  is  kept  cool,  the  latter  when 
the  temperature  is  allowed  to  rise,  carbon  dioxide  being  then 
given  off ;  thus : 

C2H3N  +  H20  +  2H2S04  =  H(NH4)S04  +  CzH4S05 

Acetonitrile.  Sulphuric  Acid  am-  Sulphacetic 

acid.      '  monium  acid, 

sulphate. 

C2H3N  +  3H2S04  =  (NH4)HS04  +  CH4S2O0  +  CO, 

Acetonitrile.  Disulpho- 
metholic acid. 

With  acetamide,  C2H3ONH2,  which  differs  from  acetonitrile 
only  by  the  elements  of  water,  the  two  reactions  are  exactly 
similar. 

Sulphopropionic  Acid,  C2H4(S03H).C02H,  and  'Disulph- 
etholic  Acid,  C2H4(S03H)2  are  prepared  in  the  same  manner 
from  propionic  acid,  propionarnide,  or  propionitrile. 

Isethionic  acid,  C3H6S04,  ethionic  acid,  C2HcS207,  and 
ethionic  oxide  or  anhydride,  C2H4S2Ori,  produced,  as  already 
mentioned  (p.  586),  by  the  action  of  sulphuric  oxide  or  fuming 
sulphuric  acid  on  alcohol  and  ether,  likewise  belong  to  this  class 
of  bodies,  and  may  be  represented  by  the  following  formula3, 
which  show  that  isethionic  acid  is  monobasic,  ethionic  acid,  bibasic, 
and  ethionic  oxide  neutral : 

OH 

0-Sz=0 
H3C— 0— CH2 

Isethionic  acid. 


HO               OH  ^ 

0=S=0     Oz:S=0  0-S=0  0=SrrO 

|                I  I  | 

H2C  0  CH,      H2C  0  CHj 

Ethionic  acid.  Ethionic  oxide. 
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ALDEHYDES. 

These  are  bodies  derived  from  alcohols  by  elimination  of  one  or 
more  molecules  of  hydrogen  (H2),  without  introduction  of  an 
equivalent  quantity  of  oxygen,  so  that  they  hold  a  position  inter- 
mediate between  the  alcohols  and  the  acids  ;  thus : 

CH3 
0=C— 0— H 

Acetic 
acid. 

The  hydrogen  eliminated  in  the  conversion  of  an  alcohol  into 
an  aldehyde  is  that  which  is  in  immediate  connection  with  tbe 
hydro xyl,  or  which,  belongs  to  the  group  CH2OH  ;  consequently  a 
lnonatomic  alcohol  can  yield  but  one  aldehyde;  but  a  diatomic 
alcohol  can  yield  two,  by  removal  of  H2  and  of  2H2 ;  a  triatomic 
alcohol  three,  and  so  on.  At  present,  however,  we  are  acquainted 
only  with  aldehydes  derived  from  monatomic  and  diatomic  alco- 
hols. 


0H3  CH3 


H2C — 0 — H  0=0— H 

Ethyl  Acetic 
alcohol.  aldehyde. 


Aldehydes  derived  from  Monatomic  Alcohols. 

Of  these  aldehydes  four  series  are  known,  viz. : 

1.  Aldehydes,  CnIl2nO,  corresponding  to  the  Fatty  acids. 

Formic  aldehyde,  .  .  CH„0  Caproic  aldehyde,  .  C6H120 

Acetic  aldehyde,    .  .  C2H40  CEnanthylic  aldehyde,  C7H140 

Propionic  aldehyde,  .  C,HB0  Caprylic  aldehyde, .  C8H10O 

Butyric  aldehyde,  .  .  C4HsO  Euodic  aldehyde,    .  CnH.wO. 

Valeric  aldehyde,  .  .  CflH10O 

2.  Aldehydes,  CnH2n— 2O,  corresponding  to  the  Acrylic  acids. 

Acrylic  aldehyde,  or  Acrolein,    .       .  C3H40 
Crotonic  aldehyde,     ....       C4H0O . 

3.  Aldehydes,  CnH2n— sO. 

Benzoic  aldehyde,  or  Bitter-almond  oil,  .  C7H()0 

Toluic  aldehyde,   C8HsO 

Comic  aldehyde,   C10H12O 

Sycocerylic  aldehyde,     ....  018H280. 

4.  Aldehyde,  CnIl2n— 10O. 
Cinnamic  aldehyde,       ....  C0H8O. 

All  these  aldehydes  contain  two  atoms  of  hydrogen  less  than  the 
corresponding  alcohols,  and  one.  atom  of  oxygen  less  than  the  corre- 
sponding arid-;.   The  last  two  series  belong  to  the  aromatic  group. 

The  aldehydes  of  the  fatty  group  are  produced: — 1.  By  oxida- 
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tion  of  alcohols,  either  by  the  action  of  atmospheric  oxygen,  or  by 
that  of  a  mixture  of  dilute  sulphuric  acid  and  potassium  dichromate 
or  manganese  dioxide,  or  by  the  action  of  chlorine  on  the  alcohol 
diluted  with  water,  the  chlorine  in  this  case  decomposing  the 
water,  and  thus  acting  as  an  oxidising  agent. 

2.  By  distilling  an  intimate  mixture  of  the  potassium-salt  of  the 
corresponding  acid  with  potassium  formate  ;  e.g.: 

COCH3(OK)  +  COH(OK)  =  CO(OK)2  +  CH3.COH 

Potassium  Potassium  Potassium  Acetic 

acetate.  formate.  carbonate.  aldehyde. 

Reactions. — Aldehydes  easily  take  up  oxygen,  and  are  converted 
into  the  corresponding  acids. 

1.  When  fused  with  potash,  they  are  converted  into  the  corre- 
sponding acids,  with  evolution  of  hydrogen ;  e.g.: 

C5H10O    +    KOH    =    C5H0KO2    +  H2 

Valeric  Valeric  acid, 

aldehyde. 

2.  Nascent  hydrogen,  evolved  by  the  action  of  water  on  sodium 
amalgam,  converts  them  into  the  corresponding  alcohols ;  e.g., 
C2H40  +  H2  =  C2HeO.  If,  however,  the  aldehyde  belongs  to  a 
non-saturated  series,  the  action  goes  further,  an  additional  quan- 
tity of  hydrogen  being  then  taken  up,  whereby  the  alcohol  first 
formed  is  converted  into  a  saturated  alcohol  belonging  to  another 
series  ;  thus : 

C3H40  +  H2  .=  C3H0O ;  and  C3HcO  +  H2  =  C3H80 

Acrylic  Allyl  Allyl  Propyl 

aldehyde.  alcohol.  alcohol.  .alcohol. 

Nascent  hydrogen  evolved  by  the  action  of  zinc  on  sulphuric 
acid  does  not  appear  to  unite  with  aldehydes. 

3.  Phosphorus  pentachloricle  converts  aldehydes  into  chloralde- 
hydes,  compounds  derived  from  aldehydes  by  substitution  oi  Cig 
for  0  ;  thus : 

CH3  CH3 
I         +    PCL    =    PC130    +  I- 
CHO  CHC12 

Aldehyde.  Chloraldehyde. 
The  compounds  thus  produced  are  isomeric  with  the  chlorides 
of  the  olefmes  ;  e.g.,  acetic  chloraldehyde,  CH3.  CHC12,  or  ethidene 
chloride,  with  ethene  chloride,  C2H4.C12  (p.  618). 

4.  Chlorine  and  bromine  convert  aldehydes  into  chlorides  of  a  cut 
radicals : 

C2H40    +    Cl2    =    HC1    +  C2H30.C1 

Aldehyde.  Acetyl  chloride. 

C2H40    +    2C12  =  2HC1    +  C2H,C10.C1 

Aldehyde.  Chloracetyl 

chloride. 
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5.  The  alJcali-metals  dissolve  in  aldehydes,  eliminating  an  equi- 
valent quantity  of  hydrogen  : 

2C2H40    +    K2    -    H2    +  2C2H3KO. 

b'.  Aldehydes  treated  with  hydrocyanic  acid,  hydrochloric  acid, 
and  water,  are  converted  into  an  ammonium-salt,  or  an  amidated 
acid,  containing  an  additional  atom  of  carbon,  the  former  reaction 
taking  place  chiefly  in  the  aromatic  group,  the  latter  in  the  fatty 
croup : 

C2H40    +    CNH    +    H20    =  C3H7N02 

Acetic  Amidopropionic 
aldehyde.  acid  (alanine). 

7.  Aldehydes  unite  with  aniline,  water  being  eliminated,  and 
form  bases  derived  from  a  double  molecule  of  aniline,  (C(!H7N)2, 
by  substitution  of  two  equivalents  of  a  diatomic  radical  for  four 
atoms  of  hydrogen ;  e.g.: 

2C2H40   +    2C6H7N    =    2H20    -f-  C12H10(C2H4)"2N2 

Acetic  Aniline.  Diethidene- 

aldehyde.  dianiline. 

8.  All  aldehydes  unite  directly  with  the  acid  sulphites  of  the 
alkali-metals,  forming  crystalline  compounds,  by  which  they  may 
be  readily  separated  from  other  bodies  with  which  they  may  be 
mixed.  This  reaction  affords  a  ready  means  of  purifying  alde- 
hydes, and  likewise  of  detecting  their  presence. 

9.  Aldehydes  also  unite  with  acetic  oxide,  forming  such  com- 
pounds as  C2H40"(C2H30)2,  and  probably  with  the  oxides  corre- 
sponding to  other  monobasic  acids. 


Aldehydes  belonging  to  the  Series  CnHsnO. 

Formic  Aldehyde,  CH20  or  H.CHO,  also  called  Methylic 
aldehyde. — This  compound,  discovered  by  Hofmann,  is  produced 
when  a  current  of  air  charged  with  vapour  of  methyl  alcohol  is 
directed  upon  an  incandescent  spiral  of  platinum  wire ;  and  by 
suitable  condensing  arrangements,  a  liquid  may  be  obtained  con- 
sisting of  a  solution  of  the  aldehyde  in  methyl  alcohol.  This 
liquid,  rendered  slightly  alkaline  by  ammonia,  and  gently  warmed 
with  silver  nitrate,  yields  a  beautiful  specular  deposit  of  silver, 
with  greater  ease  even  than  ordinary  acetic  aldehyde.  The  same 
solution,  heated  with  a  few  drops  of  caustic  potash,  deposits  drops 
of  a  brownish  oil,  having  the  odour  of  the  resin  of  acetic  aldehyde. 

Formic  aldehyde  is  likewise  produced  by  the  dry  distillation 
of  calcium  formate:  Ca(CH02)2  =  CH20  +  CaC03.  It  has  n,d 
yet  been  obtained  in  the  pure  state;  but  by  treating  its  solution 
with  hydrogen  sulphide,  and  heating  the  resulting  liquid  with 
strong  hydrochloric  acid,  il  solidifies,  on  cooling,  to  a  dazzling 
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white  mass  of  felted  needles,  consisting  of  the  corresponding 
sulphur-compound,  CH2S.  The  aldehyde  treated  with  sodium 
amalgam  is  reduced  to  methyl  alcohol. 

Acetic  Aldehyde,  C2H40  =  CH3.CHO  =  C2H3O.H,  gene- 
rally designated  hy  the  simple  name,  aldehyde.* — This  substance 
is  formed,  among  other  products,  when  the  vapour  of  ether  or  alco- 
hol is  transmitted  through  a  red-hot  tube  ;  also,  by  the  action  of 
chlorine  on  weak  alcohol,  and  by  the  other  general  reactions  above- 
mentioned.  It  is  best  prepared  by  the  following  process :  6  parts 
of  oil  of  vitriol  are  mixed  with  4  parts  of  rectified  spirit  of 
wine,  and  4  parts  of  water ;  this  mixture  is  poured  upon  6  parts 
of  powdered  manganese  dioxide  contained  in  a  capacious  retort,  in 
connection  with  a  condenser  cooled  by  ice-cold  water ;  gentle  heat 
is  applied,  and  the  process  is  interrupted  when  6  parts  of  liquid 
have  jDassed  over.  The  distilled  product  is  put  into  a  small  retort, 
with  its  own  weight  of  calcium  chloride,  and  redistilled ;  and  this 
operation  is  repeated.  The  aldehyde,  still  retaining  alcohol  and 
other  impurities,  is  mixed  with  twice  its  volume  of  ether,  and 
saturated  with  dry  ammoniacal  gas ;  a  crystalline  compound  of 
aldehyde  and  ammonia  then  separates,  which  may  be  washed  with 
a  little  ether,  and  dried  in  the  air.  From  this  substance  the  alde- 
hyde may  be  separated  by  distillation  in  a  water-bath  with  sul- 
phuric acid  diluted  with  an  equal  quantity  of  water ;  by  careful 
rectification  from  calcium  chloride,  at  a  temperature  not  exceeding 
30"5°,  it  is  obtaiued  pure  and  anhydrous. 

Aldehyde  is  a  limpid,  colourless  liquid,  of  characteristic  ethereal 
odour,  which,  when  strong,  is  exceedingly  suffocating.  It  has  a 
density  of  0-790,  boils  at  22°,  and  mixes  in  all  proportions  with 
water,  alcohol,  and  ether :  it  is  neutral  to  test-paper,  but  acquires 
acidity  on  exposure  to  air,  from  the  production  of  acetic  acid : 
under  the  influence  of  platinum-black  this  change  is  very  speedy. 
When  a  solution  of  aldehyde  is  heated  with  caustic  potash,  a 
remarkable  brown  resin-like  substance  is  produced,  the  so-called 
aldehyde-resin.  Gently  heated  with  silver  oxide,  it  reduces 
the  latter  without  evolution  of  gas,  the  metal  being  deposited  on 
the  inner  siirface  of  the  vessel  as  a  brilliant  and  uniform  film ; 
the  liquid  contains  silver  acetate. 

Aldehyde  can  be  re-converted  into  alcohol  by  treating  its  aque- 
ous solution  with  sodium  amalgam,  the  liquid  being  kept  slightly 
acid  by  repeated  addition  of  hydrochloric  acid. 

When  treated  with  hydrocyanic  acid,  aldehyde  yields  alanine 
(p.  745). 

An  aqueous  solution  of  aldehyde,  treated  with  hydrogen  sul- 
phide, yields  an  oily  compound,  (C2H40)6.SH2,  which  is  resolved 
by  acids  into  hydrogen  sulphide  and  sulphaldehyde,  C2H4S: 
the  latter  crystallises  in  needles  having  an  alliaceous  odour. 


*  Alcohol  deliydrogenatus. 
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Other  reactions  of  aldehyde  have  been  already  mentioned. 

Aldehyde-ammonia  or  Ammonium  aldehydate,  C,H4O.NH3  or 
C,H3(NH4)0,  produced,  as  above  mentioned,  by  direct  combina- 
tion, forms  transparent,  colourless  crystals  of  great  beauty :  it  has 
a  mixed  odour  of  ammonia  and  turpentine ;  it  dissolves  very  easily 
in  water,  with  less  facility  in  alcohol,  and  with  difficulty  in  ether; 
melts  at  about  76°,  and  distils  unchanged  at  100°.  Acids  decom- 
pose it,  with  production  of  ammoniacal  salt  and  separation  of 
aldehyde.  Hydrogen  sulpiride  converts  it  into  a  basic  compound, 
C6H13NS2,  called  thialdine.  Sulphurous  oxide  gas  is  rapidly 
absorbed  by  a  solution  of  aldehyde-ammonia,  forming  the  crystal- 
line compound  C2H3(NH4)S03,  isomeric  with  taurine  (p.  586). 
Aldehyde  also  combines  with  acetic  oxide,  forming  the  compound 
C2H40(C2H30)20 ;  also  with  ethyl  oxide,  as  will  presently  be  further- 
noticed. 

Polymeric  Modifications  op  Aldehyde. — Pure  anhydrous 
aldehyde,  treated  at  ordinary  temperatures  with  a  small  quan- 
tity of  gaseous  hydrochloric  acid,  sulphurous  oxide,  or  carbonyl 
chloride  (phosgene),  or  of  zinc  chloride  or  strong  sulphuric  acid, 
is  converted  into  a  polymeride,  called  paraldehyde,  which 
crystallises  on  cooling  the  liquid  to  0°,  in  large  transparent 
prisms,  melting  at  10-5°  to  a  liquid  which  boils  "at  124°,  has  a 
specific  gravity  of  0'998  at  15°,  and  a  vapour-density  three  times 
as  great  as  that  of  aldehyde  itself :  hence  its  molecular  formula  is 
C8H1203.  When  distilled  in  contact  with  either  of  the  reagents 
above  mentioned  it  is  reconverted  into  ordinary  aldehyde,  but  it 
does  not  undergo  this  change  when  heated  alone. 

When  either  of  the  same  reagents  acts  on  aldehyde  cooled  by  a 
freezing  mixture,  another  polymeric  modification  is  formed,  called 
met  aldehyde,  which  also  crystallises  in  transparent  prisms  or 
in  white  needles,  but  differs  from  paraldehyde  in  subliming  when 
heated  without  previous  fusion,  and  in  being  at  the  same  time 
partly  reconverted  into  aldehyde.  In  consequence  of  this  trans- 
formation, its  vapour-density,  and  therefore  its  molecular  formula, 
have  not  been  determined. 

Aldol,  C4H802  or  CH3— CH(OH)— CH2— CHO.— This  body, 
formed  by  the  action  of  hydrochloric  acid  at  a  low  temperature  on 
a  mixture  of  aldehyde  and  water,  is  likewise  polymeric  with  alde- 
hyde, but  differs  greatly  in  its  properties  from  the  two  polymerides 
above  mentioned.  It  is  a  colourless  liquid,  mobile  while  hot,  but 
becomes  syrupy  on  cooling,  and  at  0°  is  so  viscid  that  it  does  not 
run  out  when  the  containing  vessel  is  inverted.  It  bears  a  heat 
of  100°  without  alteration,  but  at  135°  it  is  resolved  into  water 
and  crotonic  aldehyde,  C4H0O.  In  its  chemical  characters  it  is 
intermediate  between  aldehyde  and  alcohol.  On  the  one  hand,  it 
reduces  ammoniacal  silver"solution,  with  formation  of  a  silver 
Bpeculum;  and  on  the  other,  when  heated  with  acetic  anhydride, 
it  forms  two  acetates,  C4H70(C2H302)  and  C4He(C2H802)a.  Hence 
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it  may  be  inferred  that  the  molecule  of  aldol  contains  the  aldehy- 
dic  group  OHO,  and  the  alcoholic  group  CHOH,  as  indicated  by 
the  formula  above  given.  The  formation  of  aldol  from  aldehyde 
may  be  represented  by  the  following  equation,  in  which  the 
bracketed  letters  on  the  left  hand  side  indicate  the  atoms  which 
change  their  places : 


Acetal,  C6H140. — When  gaseous  hydrochloric  acid  is  passed 
into  a  solution  of  aldehyde  in  absolute  alcohol,  a  compound  of 
aldehyde  and  ethyl  chloride,  C2H40 .  C2H5C1,  is  produced,  and  this 
compound,  treated  with  sodium  etkylate,  fomis  a  compound  of 
aldehyde  with  ethyl  oxide,  called  acetal : 


C2H40.C2H5C1  +  C2H6ONa  =  NaCl  +  C2H40.(C2H6)20. 


This  compound,  which  is  isomeric  with  diethylic  ethenate, 
(C2H4)"(OC2H5)2  (p.  617),  is  likewise  found  among  the  products 
of  the  slow  oxidation  of  alcohol  under  the  influence  of  platinum- 


Pure  acetal  is  a  thin,  colourless  liquid,  of  agreeable  ethereal 
odour,  of  sp.  gr.  0-821  at  22-2°,  and  boiling  at  140°.  It  is  soluble 
in  18  parts  of  water,  and  miscible  in  all  proportions  with  alcohol 
and  ether.  It  is  unchanged  in  the  air ;  but,  under  the  influence 
of  platinum-black,  becomes  converted  into  aldehyde,  and  event- 
ually into  acetic  acid.  Nitric  and  chromic  acids  produce  a  similar 
effect.  Strong  boiling  solution  of  potash  has  no  action  on  this 
substance. 

Chloral,  C2HC130. — This  compound,  already  mentioned  as 
being  formed  by  the  prolonged  action  of  chlorine  on  absolute 
alcohol  (p.  573),  may  be  regarded  as  tri  chlorinated  aldehyde.  To 
prepare  it,  the  current  of  chlorine  must  be  kept  up  as  long  as 
hydrochloric  gas  continues  to  escape,  and  the  product  agitated 
with  three  times  its  volume  of  concentrated  sulphuric  acid.  On 
gently  warming  this  mixture  in  a  water-bath,  the  impure  chloral 
separates  as  an  oily  liquid,  which  floats  on  the  surface  of  the  acid; 
it  is  purified  by  distillation  from  fresh  oil  of  vitriol,  and  after- 
wards from  a  small  quantity  of  quicklime,  which  must  be  kept 
completely  covered  by  the  liquid  until  the  end  of  the  operation. 
Chloral  has  also  been  obtained  from  starch,  by  distillation  with 
hydrochloric  acid  and  manganese  dioxide. 

Chloral  is  a  thin,  oily,  colourless  liquid,  of  peculiar  and  pene- 
trating odour,  which  excites  tears :  it  has  but  little  taste.  AVhen 
dropped  upon  paper  it  leaves  a  greasy  stain,  which  is  not,  how- 
ever, permanent.  It  has  a  density  of  1*502,  and  boils  at  94°. 
Chloral  is  freely  soluble  in  water,  alcohol,  and  ether ;  the  solu- 
tion is  not  affected  by  silver  nitrate.   Caustic  baryta  and  lime 


CH3— C(HO) 

C(H)H2— CHO 


=     CH3— CHOH— CH2— CHO 


Aldehyde  (2  mol.) 


Aldol. 


black. 
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decompose  the  vapour  of  chloral  when  heated  in  it,  with  appear- 
ance of  ignition ;  the  oxide  is  converted  into  chloride,  carbon  is 
deposited,  and  carbon  monoxide  set  free.  Solutions  of  caustic 
alkalis  also  decompose  it,  with  production  of  a  formate  and  chloro- 
form : 

C2HC130    +    H20    =    CH202    +  CHC13. 

With  a  small  quantity  of  water,  chloral  forms  a  crystalline 
hydrate,  C2HC130.H20,  and  with  alcohol  a  corresponding  com- 
pound, C2HC130.C2H60.  The  hydrate,  introduced  under  the 
skin,  is  converted  by  the  alkali  of  the  blood  into  formic  acid  and 
chloroform. 

When  chloral  is  preserved  for  some  time,  even  in  a  vessel 
hermetically  sealed,  it  undergoes  a  very  remarkable  change, 
being  converted  into  a  solid,  white,  translucent  substance,  insol- 
uble chloral,  possessing  the  same  composition  as  the  liquid 
itself.  This  solid  product  is  but  very  slightly  soluble  in  water, 
alcohol,  or  ether ;  when  exposed  to  heat  alone,  or  in  contact  with 
oil  of  vitriol,  it  is  reconverted  into  ordinary  chloral.  Solution  of 
caustic  potash  resolves  it  into  formic  acid  and  chloroform. 

_  Bromine  acts  upon  alcohol  in  the  same  manner  as  chlorine,  and 
gives  rise  to  a  product  very  similar  in  properties  to  the  foregoing, 
called  bromal,  which  contains  C2HBr30.  It  forms  a  crystallis- 
able  hydrate  with  water,  and  is  decomposed  by  strong  alkaline 
solutions  into  formic  acid  and  bromoform. 

The  other  aldehydes  of  the  series  CnH2nO  resemble  acetic  alde- 
hyde in  most  of  their  reactions,  especially  in  forming  crystalline 
compounds  with  ammonia :  this  character  distinguishes  the  fatty 
from  the  aromatic  aldehydes,  which  react  with  ammonia  in  a 
different  way.  Another  characteristic  reaction  of  the  fatty  alde- 
hydes is  their  conversion  into  amidated  acids  by  the  action  of 
hydrocyanic  acid  (p.  745) ;  in  this  manner  amido-propionic  acid, 
or  alanine,  C3H7N02,  is  formed  from  acetic  aldehyde;  amido- 
caproic  acid  or  leucine,  CGH13N02,  from  valeral,  Cya^,,  &c. 
ine  latty  aldehydes  are  all  converted  into  resinous  compounds  by 
the  action  of  caustic  potash. 

All  the  known  aldebydes  of  the  fatty  series  are  liquid  at  ordi- 
nary temperatures,  and  become  more  oily  as  their  molecular 
weights  increase.  Their  boiling  points  are  given  in  the  following 
table : 


BoilinR  point. 

Acetic    aldehyde,  .  21° 

Propionic     „      .  .  55°-65° 

Butyric       „     .  .  68°-75° 

Valeric        .,     .  .  93° 


Doiling  point. 

(Enanthylic  aldehyde,  152° 
Capric  '         „  '     .  228"? 
Euodic  „       .  213° 


Euodic  aldehyde  is  Use  essential  constituent  of  oil  of  rue.  It 
differs  from  the  other  compounds  of  the  series  by  nol  reacting  in 
the  manner  above  mentioned  with  aniline, 
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Aldehydes  belonging  to  the  series  CnH2n— 2O. 

C(CH2)"H 

Acrylic  Aldehyde,  or  Acrolein,  C3H40  ='  |  . — This 

COH 

compound  is  formed:  —  1.  By  the  oxidation  of  allyl  alcohol, 
C3H60.  2.  By  the  action  of  heat  on  the  product  of  the  union  of 
acetone  with  bromine : 

C(CH3)Br2  C(CH,)"H 
CO(CHs),  +  Br2  =  I  =  2HBr  +  I 

CH2OH  CHO 

Acetone.  Acrolein. 

3.  By  the  dehydration  of  glycerin,  when  that  substance  is 
heated  with  phosphoric  oxide,  strong  sulphuric  acid,  or  acid  potas- 
sium sulphate :  C3H803  -  2H20  =  C3H40. 

It  is  always  produced  in  the  destructive  distillation  of  neutral 
fats  containing  glycerin,  and  is  the  cause  of  the  intolerably  pungent 
odour  attending  that  process. 

Pure  acrolein  is  a  thin,  colourless,  highly  volatile  liquid,  lighter 
than  water,  and  boiling  at  52-2°.  Its  vapour  is  intensely  irritating. 
It  is  sparingly  soluble  in  water,  freely  in  alcohol  and  ether. 

Acrolein,  by  keeping,  undergoes  partial  decomposition,  yielding 
a  white,  flocculent,  indifferent  body,  disacryl ;  the  same  sub- 
stance is  sometimes  produced,  together  with  acrylic  acid,  by 
exposure  to  the  air.  In  contact  with  alkahs,  acrolein  suffers 
violent  decomposition,  producing,  like  aldehyde,  a  resinous  body. 
When  exposed  for  some  time  to  the  air,  or  mixed  with  silver 
oxide,  it  is  rapidly  oxidised  into  acrylic  acid,  C3H40„. 

Crotonic  Aldehyde,  C4H0O. — Produced  by  heating  acetic 
aldehyde  with  zinc  chloride  and  a  little  water  to  100°,  the  reac- 
tion consisting  in  the  eliniination  of  1  mol.  water  from  2  mol. 
acetic  aldehyde :  2C2H40  —  H20  =  C4H60.  It  is  a  colourless  liquid, 
having  an  extremely  pungent  odour,  and  boiling  at  103°-105°.  In 
contact  with  the  air  it  oxidises  to  a.  crotonic  acid  (p.  702). 


Aldehydes  derived  from  Diatomic  Alcohols. 

Diatomic  alcohols  can  yield  by  oxidation  two  classes  of  alde- 
hydes, accordingly  as  the  substitution  of  0  for  H2  takes  place  once 
or  twice  :  the  products  thus  formed  may  be  distinguished  as  first 
and  second  aldehydes.  Propene  glycol,  C3H802,  for  example,  might 
yield  the  two  aldehydes,  C3HB02  and  C3H402.  Only  a  few  of 
these  compounds  have,  however,  been  obtained. 

Of  aldehydes  derived  from  the  glycols  CnH2n+2,  only  one  is 
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known,  namely,  glyoxal,  C2H20.,,  which  is  the  second  aldehyde 
of  ordinary  glycol,  C2Hu02.  This  compound  is  obtained,  together 
with  glyoxylic  acid  and  other  products,  by  the  action  of  nitric 
acid  upon  alcohol.  It  may  be  separated  by  addition  of  a  strong 
solution  of  acid  sodium  sulphite,  with  which  it  forms  a  crystalline 
compound :  this  compound,  treated  with  barium  chloride,  yields 
the  corresponding  barium  compound  ;  and  from  this  the  glyoxal 
may  be  separated  by  dilute  sulphuric  acid.  On  evaporating  the 
liquid,  it  is  obtained  as  a  transparent  amorphous,  deliquescent 
mass,  very  soluble  in  water,  alcohol,  and  ether.  With  an 
ammoniacal  solution  of  silver  nitrate,  it  forms  a  beautiful  silver 
speculum.  By  a  small  quantity  of  nitric  acid  it  is  converted  into 
glyoxylic  acid,  C2H404 ;  by  a  larger  quantity  into  oxalic  acid, 
C2H204. 

Fixed  caustic  alkalis  and  alkaline  earths  convert  it  into  a  salt 
of  glycollic  acid  :  e.g.,  C2H?02  +  KOH  =  C2H3K03.  A  syrupy 
solution  of  glyoxal  heated  with  a  strong  aqueous  solution  of 
ammonia,  yields  two  crystalline  bases,  glyoxaline  and  glyco- 
sine  : 

2C2H202  +  2NH3  =   C3H4N2  +  CH209  +  2H.,0 

Glyoxal.  Glyoxaline.  Formic 

acid. 

3C2H202    +    4NH3    =    C0H6N4    +  6H20 

Glyoxal.  Glycosine. 


KETONES. 

These  bodies  are  derived  from  aldehydes  by  substitution  of  an 
alcohol-radical  for  hydrogen  in  the  group  COH  :  thus, 

Acetic  aldehyde,  CH3.COH 

Acetic  ketone  or  Acetone,     .       .       .  CH3.COCH3. 

They  may  be  regarded  as  compounds  of  alcohol-radicals  with  acid 
radicals— acetone,  for  example,  as  methyl-acetyl ;  or  as  compounds 
of  carbonyl,  CO",  with  two  univalent  alcohol-radicals,  which  may 
be  either  the  same  or  different ; 


Acetone  or  Dimethyl  Methyl-ethyl 
ketone,  ketone 


The  only  bodies  of  this  class  that  have  been  carefully  studied 
are  those  which  correspond  to  the  aldehydes  CHjmO,  or  to  the 
fatty  acids  OnHsnOa. 

The  names,  formula,  and  boiling  points  of  the  best  known 
ketones  oi  this  series  arc  given  in  the  following  (able: 
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Nam  6. 

Formula. 

Boil- 
ine 
Point. 

Dimethyl  ketone  or  Acetone, 
Methyl-ethyl  ketone,  . 

CO(CH3)(CH3) 
(  CO(CH3)(CH2CH3)  ) 
|  or  CO(CH3)(C2H5)  \ 

56° 
81° 

■g    (  Methyl-isopropyl  ketone, 
|   \  Methyl-propyl  ketone,  . 
S    (  Diethyl-ketone  or  Propione, 

CO(UH3)[Ohl((jn3)2J 
CO(CH3)(CH.,C2H5) 
CO(C2H5)(C2H5) 

no  D 

101° 
101° 

"S    j  Methyl-butyl  ketone,  . 
|    j  Ethyl-propyl  ketone,  . 

CO(C2H5)(C3H7) 

120° 
128° 

|    {  Methyl-isoamyl  ketone, 

1    (  Di  propyl  ketone  or  Butyrone, 

m 

CO(CII^[CH(C2H5)2] 
CO(C3H7)(C3H7) 

138° 
144° 

The  ketones  of  this  group,  containing  two  equivalents  of  the 
same  alcohol-radical,  are  produced : 

1.  By  the  action  of  carbon  monoxide  on  sodium  ethide  and  its 
homologues : 

CO    +  2NaCnH2n+i 
For  example : 
CO  + 

Sodium  ethyl 


2NaC2Hs  = 


Na2     +  CO(CnH-2n+l)2. 

Na2     +  CO(C2H5), 

Propione. 


Carbon 
monoxide. 

2.  By  the  action  of  zinc-methyl  and  its  homologues  on  the  acid 
chlorides,  CnH-2n-lOCl ;  e.g.: 

Zn(CH3)2    +    2C0CH3C1    =    ZnCl2    +  2CO(CH3)2 
Zinc  methide.  Acetic  Acetone, 

chloride. 

3.  By  the  oxidation  of  the  secondary  alcohols  ;  thus : 

CH(CH3)2.OH    +    0    =    H20    +  CO(CH3)2 

lsopropyl  alcohol.  Acetone. 

4.  By  the  dry  distillation  of  the  calcium-salts  of  the  fatty  acids 

C."{g<g>™;)    -    COCa»0,    +  00(01% 


Calcium  acetate. 


Calcium 
carbonate. 


Acetone. 


The  ketones  formed  in  this  manner  from  the  successive  mem 
hers  of  the  fatty  acid  series  differ  from  one  another  by  twice  Ltl, 
thus  : 


KETONES. 


753 


Acetic  acid,  .    .  C2H40.2,  yields  Acetone,  .  .  C3H0O. 

Propionic  acid,  .  C3H602,     „     Propione,  .  C6H10O. 

Butyric  acid,    .  C4H80,     „     Butyrone,  .  C7H140. 

Valeric  acid,    .  C5H10O2    „     Valerone,  .  CflH180. 

The  intervals  are  filled  up  by  ketones  containing  different  alco- 
hol-radicals ;  thus  ethyl-methyl  ketone  C4H80,  or  CO(C2H6)(CH3), 
is  intermediate  between  acetone  and  propione. 

The  ketones  containing  two  different  alcohol-radicals  may  be 
obtained  by  the  second  of  the  processes  above  given:  e.g.: 

2C0CH3C1  -f  Zn(C2H6)2   =   ZnCl2  +  2CO(CH3)(C2H6) 

Acetic  Zinc  ethyl.  Ethyl-methyl 

chloride,  ketone. 

Or  by  distilling  a  mixture  of  the  calcium-salts  of  two  different 
tatty  acids ;  thus : 

Ca(C02C4H9)2  +  Ca(C02CH3)2  =  2CaC03  +  2CO(CH3)(C4H0) 

Valerate.  Acetate.  Methyl-butyl 

ketone. 

The  formation  of  aldehydes  by  distilling  a  mixture  of  a  formate 
with  the  salt  of  another  fatty  acid  (p.  744),  is  a  particular  case  of 
this  last  reaction. 
For  other  modes  of  formation,  we  must  refer  to  larger  works.* 
Every  ketone  is  isomeric  with  an  aldehyde  belonging  to  the 
same  series;  thus  acetone  is  isomeric  with  propionic  aldehyde, 
C2H5.COH;  butyrone,  CO(C3H7)2,  with  cenanthyUc  aldehyde' 
C6H13.COH,  &c.  Formic  acetone,  COH2  is  identical  with  formic 
aldehyde. 

Ketones  containing  methyl  resemble  aldehydes  in  forming  crys-' 
talline  compounds  with  alkaline  bisulphites,  from  which  the  ketone 
may  be  liberated  by  distillation  with  an  alkali.  Ketones  differ 
from  aldehydes :  1.  In  not  being  converted  by  oxidation  into  the 
corresponding  acids.— 2.  In  being  converted  by  nascent  hydrogen 
into  secondary  alcohols,  whereas  the  aldehydes  are  converted  into 
primary  alcohols.— 3.  In  not  combining  with  aniline. 
r<  uhA°"i.y  ke,one  that  has  been  studied  in  detail  is  acetone, 
UHfiO,  the  ketone  of  acetic  acid.  This  body  is  prepared,  as 
already  observed,  by  the  destructive  distillation  of  acetates,  the 
;  alcium  or  the  lead  salt  being  the  most  convenient  for  the  purpose, 
lne  crncle  distillate  is  saturated  with  potassium  carbonate,  and 
Mterwards  rectified  in  a  water-bath  from  calcium  chloride.  Ace- 
tone may  also  be  prepared  by  passing  the  vapour  of  strong  acetic 
acid  through  an  iron  tube  heated  to  dull  redness,  the  acid  being 
resolved  ink,  acetone,  carbon  dioxide,  carbon  monoxide,  and  car- 
(juretted  hydrogen. 

Acetone  is  also  produced  in  the  destructive  distillation  of  citric 

*  See  Watts's  Dictionary  of  Chemistry,  Supplement,  p.  7G6. 
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acid,  and  may  be  procured  from  sugar,  starch,  and  gum,  by  distil- 
lation with  eight  times  their  weight  of  powdered  quicklime.  _  The 
acetone  is,  in  this  case,  accompanied  by  propione,  which  is  an 
oily  liquid,  separable  from  the  acetone  by  water,  in  which  it  is 
insoluble. 

Pure  acetone  is  a  colourless  limpid  liquid,  of  peculiar  odour :  it 
has  a  density  of  0792,  and  boils  at  55-5° :  the  density  of  its  vapour 
(referred  to  air)  is  2-022.  Acetone  is  very  inflammable,  and  burns 
with  a  bright  flame  :  it  is  miscible  in  all  proportions  with  water, 
alcohol,  and  ether. 

Nascent  hydrogen  converts  it  into  isopropyl  alcohol  (p.  595) ;  but 
at  the  same  time  a  portion  of  the  acetone  doubles  its  molecule,  and 
likewise  takes  up  hydrogen,  being  thereby  converted  into  a  crys- 
talline substance,  pinacone,  C6Hu02  =  2C3HB0  +  H2. 

Acetone  treated  with  hydrocyanic  acid,  water,  and  hydrochloric 
acid,  is  converted  into  acetonic  acid,  C4H803,  isomeric  or  iden- 
tical with  oxybutyric  acid : 

C3H60  +  CNH  +  2H20  +  HC1  =  NH4C1  +  C4H80,. 

When  acetone  is  heated  to  100°  with  ammonia,  the  two  unite, 
with  elimination  of  water,  forming  a  basic  compound,  acetonine, 
N2(C3JI6)"3,  related  to  acetone  in  the  same  manner  as  amarine  to 
benzoic  aldehyde : 

3C3H0O    +    2NH3    =    N2(C3H6)"3    +  3H20. 

Acetone  distilled  yn^a.  fuming  sulphuric  acid,  or  other  powerful 
dehydrating  agents,  is  converted  into  mesitylene,  C9H12  = 
3C3H60  -  3H20  (p.  768).— Phosphorus  pentachloride  converts  ace- 
tone into  the  compound  C3H6C12,  isomeric  with  propylene  chlo- 
ride : 

C3HeO   +    PC16    =    PC130    +  C3HCC12. 

This  chloride  differs  in  boiling  point  from  propylene  chloride,  but 
resembles  the  latter  in  its  reaction  with  alcoholic  potash,  which 
converts  it  into  chloropropylene,  C3H5C1,  identical  with  that 
obtained  from  propylene. 

Hydrochloric  acid  converts  acetone  into  a  body  composed  ol 
C3H5C1,  isomeric  with  the  preceding.  This  compound,  called 
mesityl  chloride,  is  converted  by  alcoholic  potash  into  niesityl 
oxide,  (C3H5)20,  whereas  chloropropylene,  treated  with  alcoholic 
potash,  gives  up  hydrochloric  acid,  and  yields  allylene,  C3H4. 
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B.  Aromatic  Group. 

The  hydrocarbons,  CnH2n-6,  viz.,  benzene  and  its  homologues 
together  with  the  alcohols,  acids,  and  bases  derived  from  them,  form 
a  group  resembling  the  fatty  bodies  in  many  of  their  chemical 
relations,  but  nevertheless  exhibiting  decided  peculiarities,  which 
mark  them  as  a  natural  family.  They  are  called  aromatic,  on 
account  of  the  peculiar  and  fragrant  odours  possessed  by  some  of 
them,  especially  by  certain  derivatives  of  benzene,  such  as  benzoic 
acid,  bitter  almond  oil,  &c. 

Intimately  related  to  these  bodies  are  certain  other  hydro- 
carbons with  their  derivatives,  containing  proportionally  smaller 
numbers  of  hydrogen-atoms,  namely,  cinnamene  C8HS,  naph- 
thalene C,0H8,  anthracene  C14H10,  pyrene  C16H]0,  and 
chrysene  C18H12;  and  the  terpenes,  C10H16,  which  contain  a 
arger  number  ot  hydrogen-atoms  than  benzene  and  its  homo- 
logues. 


HYDROCARBONS,  CnH2n-6. 

This  is  the  principal  series  of  the  aromatic  group,  correspondin" 
to  the  paraffin  series  in  the  fatty  group. 

fomid^10™  hydrocarbons  belonging  to  it  are  represented  by  the 

CeHc,  C-H8,  C8H10,  C9H12,  C10H14,  CUH10,  C12H18,  C13H20. 

The  first  is  called  benzene;  the  second  toluene;  the  others 
admit  of  isomeric  modifications,  the  names  of  which  will  be  given 
hereafter  Many  of  these  hydrocarbons  are  found  in  the  lighter 
part  of  the  oil  or  naphtha  obtained  by  the  destructive  distillation 
Slati  seParated  from  one  another  by  fractional  dis- 

These  hydrocarbons  might  be  regarded  as  derived  from  the 
paraffins  by  abstraction  of  8  atoms  of  hydrogen  (e.g.,  C(1Hn  =  C„H11 
-H8),  or  from  the  olefines  by  abstraction  of  6  atoms  of  hydrogen 
&c,  and  accordingly  they  might  be  expected  to  act  as  octovalent, 
sexvalent,  qimdnvalent,  or  bivalent  radicals;  and  in  fact,  benzene 
'iocs  form  definite  compounds  with  6  atoms  of  chlorine  and  of  bro- 
mine. Lut  in  nearly  all  cases  the  aromatic  hydrocarbons  react  us 
saturated  molecules,  like  the  paraffins,  yielding,  when  treated  with 
cmorrne,  bromine,  or  nitric  acid,  not  additive  compounds,  butsub- 
sratution-products. 

Benzene  may  be  represented  as  a  saturated  molecule  by  the  Col 
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lowing  constitutional  formula,  in  which  the  carbon-atoms  are 
united  together  by  one  or  two  combining  units  alternately : 


11 

\ 


/ 


n— c ' 


♦  C— H 


c= 

/ 

H 


\ 
H 


The  other  hydi-ocarbons  of  the  series  may  be  derived  from  it  by 
successive  additions  of  CH2,  or  by  substitution  of  methyl,  CH3,  in 
the  place  of  one  or  more  of  the  hydrogen-atoms ;  thus : 


C7  H8 

C9  H12 
C10H14 


C6H5(CH3) 
C6H4(CH3)2 
C6H3(CH3)3 
C6H4(CH3)4 


Methyl-benzene. 
Dimethyl-benzene. 
Trimethyl-benzene. 
Tetramethyl-benzene. 


Further,  a  hydrocarbon  isomeric  with  dimethyl-benzene  may  be 
formed  by  the  substitution  of  ethyl,  C2H5,  for  1  atom  of  hydrogen 
in  benzene,  viz.,  ethyl-benzene  C6H5(C2H5);  in  like  manner 
methyl-ethyl-benzene  C6H4(CH3)(C2HS),  and  propyl-benzene 
CBH5(C3H7),  are  isomeric  with  trimethyl-benzene ;  diethyl-benzene 
with  tetramethyl-benzene,  &c,  &c.  It  is  easy  to  see  that  in  this 
manner  a  large  number  of  isomeric  bodies  may  exist  in  the  higher 
terms  of  the  series.  The  structure  of  these  isomeric  hydrocarbons 
may  be  illustrated  by  the  following  figures  :— 


\  C 

J  Vo,, 

H  K 

Meihyl-benzene. 
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/ 
H 


\ 
H 


Dimethyl-benzene. 


H 


U 
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Ethyl-benzene. 


J  V. 

Ti-imethyl-benzene. 


/       \  f 
n-c  ;c-c-cn3 

\       /  h 

H  IT 

Methyl-ethyl- benzene. 
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Propyl-benzenc. 


In  these  hornologues  of  benzene,  the  six  carbon-atoms  belonging 
to  the  benzene  itself  are  said  to  form  the  benzene  ring  or  prin- 
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cipal  chain,  while  the  groups,  CH3,  CH2CH3,  &c,  joined  on  to 
these  carbon-atoms  are  called  lateral  chains.  The  chemical 
properties  of  an  aromatic  hydrocarbon  differ  considerably  accord- 
ing to  the  number  of  lateral  chains  which  it  contains. 

Another  land  of  isomerism  exhibited  by  these  hydrocarbons, 
depending  upon  the  relative  position  of  the  lateral  chains,  will  be 
noticed  further  on. 

Benzene,  C6H6. — This  hydrocarbon  can  be  produced  synthe- 
tically from  its  elements.  When  ethine  or  acetylene,  C2H2,  which, 
as  we  have  seen  (p.  559),  may  be  formed  by  the  direct  combination 
of  carbon  and  hydrogen,  is  heated  to  a  temperature  somewhat  be- 
low redness,  it  is  converted  into  several  polymeric  modifications, 
the  principal  of  which  is  triethine  or  benzene,  3C2H2  =  C6He. 

This  mode  of  formation  leads  at  once  to  the  constitutional  formula 
of  benzene  above  given:  for  suppose  three  molecules  of  ethine 
placed  as  in  the  left  hand  figure  below ;  and,  further,  that  one  of  the 
three  units  of  affinity  between  the  two  carbon-atoms  in  each  of 
these  molecules  is  removed,  and  employed  in  linking  together  the 
alternate  carbon-atoms :  then  we  have  the  formula  of  benzene,  as 
given  in  the  right  hand  figure. 

Ethine.  Ethine. 

H— C      C — H  H — C  C — H 

III      III  II  II 

H — C      C — H  H— C      C — H 


H — C=  =C— H  H— 0=0— H 

Ethine.  Benzene. 

Benzene  is  also  formed  in  the  dry  distillation  of  many  organic 
substances,  and  is  contained  in  considerable  quantity  in  the  more 
volatile  portion  of  coal-tar  oil,  from  which  it  is  now  almost  always 
prepared.  To  obtain  it,  the  oil  is  repeatedly  washed  with  dilute 
sulphuric  acid  and  with  potash,  to  remove  the  alkaline  and  acid 
products  likewise  existing  in  it ;  and  the  remaining  neutral  oil  is 
submitted  to  repeated  fractional  distillation,  the  portion  which 
goes  over  between  80°  and  90°  being  collected  apart.  On  cooling 
this  distillate  to —12°,  the  benzene  crystallises  out,  and  may  be 
purified  from  adhering  liquid  substances  by  pressure.  It  is  now 
prepared  in  immense  quantities  for  the  manufacture  of  aniline;  but 
the  commercial  product  is  always  impure,  containing  also  the 
oigher  members  of  the  aromatic  series. 

Pure  benzene  may  be  obtained  by  distilline  benzoic  acid  with 
lime:  J  h 

C7Hfl02     +     CaO     =     CaC03     +  O0H0 

Benzoic  Lime.  Calcium  Benzene. 

aCKl-  carbonate. 

t'.enzene  is  identical  with  the  so-called  hicarburct  of  hydrogen, 


758 


AROMATIC  GROUP  :  HYDROCARBONS. 


discovered  many  years  ago  by  Faraday  in  the  liquid  condensed 
during  the  compression  of  oil-gas  (p.  169). 

Pure  benzene  is  a  thin,  limpid,  colourless,  strongly  refracting 
liquid,  having  a  peculiar  ethereal  odour.  It  has  a  density  of  0'885 
at  15-5°,  boils  at  82°,  aud  solidifies  at  4-45°  to  a  white  crystalline 
mass.  It  is  nearly  insoluble  in  water,  but  mixes  with  alcohol 
and  ether.  It  dissolves  iodine,  sulphur,  and  phosphorus,  and  a 
large  number  of  organic  substances,  fats  and  resins,  for  example, 
which  are  insoluble,  or  very  sparingly  soluble  in  water  and  alco- 
hol :  hence  its  use  in  many  chemical  preparations,  and  for  remov- 
ing grease-spots  from  articles  of  dress. 

Benzene,  passed  in  the  state  of  vapour  through  a  porcelain  tube 
heated  to  bright  redness,  is  partly  resolved  into  hydrogen  gas, 
containing  a  small  quantity  of  ethine,  and  the  following  liquid 
products:  (1.)  diphenyl,  C12H10  =  2C0H6  -  H2;  (2.)  chrysene, 
C18H12  =  3C8H0  -  H„;  (3.)  benzerythrene,  a  solid,  resinous, 
orange-coloured  body  of  unknown  composition,  which  distils  oyer 
in  yellow  vapours  at  a  dull  red  heat ;  (4.)  bitumen e,  a  blackish 
liquid,  which  remains  in  the  retort  at  a  dull  red  heat,  and  solidi- 
fies on  cooling.* 

Additive-compounds  op  Benzene. — Benzene,  although,  as 
already  observed,  it  mostly  reacts  as  a  saturated  molecule — exhi- 
biting indeed  in  its  chemical  relations  a  very  close  resemblance 
to  the  paraffins — can  nevertheless,  under  certain  circumstances, 
take  up  6  atoms,  or  3  molecules,  of  chlorine  or  bromine,  forming 
the  compounds  C6H6C16  and  C0H0Br6.  These  are  crystalline 
bodies,  obtained  by  exposing  benzene  to  sunshine  in  contact  with 
chlorine  or  bromine,  the  former  also  by  mixing  the  vapour  of 
boiling  benzene  with  chlorine.  Benzene  hexchloride  melts  at 
132°,  and  boils  at  288°,  being  partly  resolved  at  the  same  time 
into  hydrochloric  acid  and  trichlorobenzene  :  CGH6C16  =  3HC1  + 
C6H3C13.  The  same  decomposition  is  quickly  produced  by  heat- 
ing the  compound  with  alcoholic  solution  of  potash.  Benzene 
hexbromide  exhibits  a  similar  reaction. 

Benzene  is  also  capable  of  uniting  directly  with  three  molecules 
of  hypochlorous  acid,  forming  the  compound  CBH9C1303,  or  CeB.6. 
3C10H,  which  crystallises  in  thin  colourless  plates  melting  at 
about  10°,  and  is  converted  by  alkalis  into  a  saccharine  compound 
called  phenose,  C0H12O0,  isomeric  with  glucose  or  grape-sugar: 

C6H9C1303    +    3HKO    =    3KC1    +  CBH1806. 

The  formation  of  these  additive  compounds  may  be  explained 
in  the  same  manner  as  that  of  ethene  chloride  (p.  556),  namely, 
by  supposing  that  when  the  benzene-molecule  is  subjected  to  the 
influence  of  chlorine,  bromine,  &c,  the  attachment  of  the  alter? 

*  Berthelot,  Bulletin  de  la  SociiSte  Cliimique  de  Paris  [2],  vi.  pp.  272, 
279. 
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nate  pail's  of  carbon-atoms  becomes  loosened,  so  that  each  pair  of 
carbon-atoms  becomes  united  by  only  one  unit  of  affinity,  and  each 
carbon-atom  lias  one  unit  of  affinity  left  free,  and  ready  to  take 
up  an  atom  of  chlorine  or  other  univalent  radicals.  The  nature 
of  the  alteration  is  shown  by  the  following  figures,  in  the  second 
of  which  the  unsaturated  affinities  are  indicated  by  dots : 


H  H  H  H 


Saturated.  Unsaturated. 


Substitution-products  op  Benzene. — Chlorine  and  bromine 
act  readily  on  benzene,  forming  substitution-products  in  which 
the  hydrogen-atoms  are  successively  replaced  by  the  halogen 
element ;  thus  with  chlorine  the  compounds 

C6H5C1,    C0H4C12,    C6H3C13,    CGH2C14,    C6HC15,  CBC1G 

are  obtained.  The  formation  of  the  more  highly  chlorinated  pro- 
ducts is  facilitated  by  the  presence  of  iodine  or  of  antimony  penta- 
chloride. 

Monochloro benzene,  CjHgCl,  which  may  also  be  prepared 
by  the  action  of  phosphorus  pentachloride  on  phenol,  C„H6(OH), 
—and  is  hence  regarded  as  a  chloride  of  the  univalent  radical 
phenyl,  C6H6, — is  a  colourless  liquid,  heavier  than  water,  and  boil- 
ing at  about  136°.  When  treated  with  nascent  hydrogen  (evolved 
from  water  by  sodium  or  sodium-amalgam)  it  is  reconverted  into 
henzene. 

The  more  highly  chlorinated  benzenes  are  crystalline  solids, 
and  exhibit  isomeric  modifications.  Of  dichlorobenzene, 
C„H4C12,  two  modifications  are  known,  one  obtained  by  passing 
chlorine  into  a  solution  of  iodine  in  benzene,  the  other  by  the 
action  of  alcoholic  potash  on  the  oily  product  obtained  by  the 
act  ion  of  chlorine  in  sunshine  on  monochlorobenzene.  The  first 
melts  at  53°,  and  boils  at  171°;  the  second  melts  below  0°,  and 
boils  at  175°.  Trichlorobenzene,  C0H3C13,  and  tetrachloro- 
benzene,  OeH2Cl4,  have  also  been  obtained,  each  in  two  modifi- 
cations differing  in  their  melting  and  boiling  points. 

Monobromobenzene,  CfiHf>Br,  is  a  liquid  boiling  somewhat 
above  150°.  Dibromobenzene,  C0H4Br2,  exhibits  two  modifi- 
cations, one  melting  below  0°,  and  boiling  at  214°,  the  other  melt- 
in-  at  89°  and  boiling  at  219°.  Of  tribromobenzene,  C0H3Br3l 
only  one  modification  is  known,  which  crystallises  in  needles, 
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melting  at  44°  and  boiling  at  about  275°.  Tetrabromoben- 
zene,  CflH2Br4,  is  known  in  two  modifications,  botb  of  which  axe 
crystalline. 

The  iodobenzenes  are  likewise  crystalline  solids. 

These  haloid  derivatives  of  benzene  are  comparatively  stable 
compoimds,  which  do  not  give  up  their  chlorine,  bromine,  or 
iodine  in  exchange  for  hydroxy  1  or  other  radicals  so  easily  as  the 
corresponding  derivatives  of  the  paraffins  (p.  550)  ;  thus  mono- 
chlorobenzene  or  phenyl  chloride,  C6ELC1,  is  not  converted  into 
hydroxyl-benzene  or  phenyl  alcohol,  CBH.-(OH),  by  treatment 
with  water  or  alkabs. 

Nitrobenzenes. — Benzene  dissolves  readily  in  strong  nitric 
acid,  and  on  adding  water  to  the  solution,  nitrobenzene, 
C6H5(N02),  separates : 

C0HG    +    N02(OH)    =    H20    +  C0H6NO2. 

It  is  a  yellowish  liquid,  smelling  like  bitter  almonds,  and  hence 
used  in  perfumery;  it  is  known  commercially  by  the  incorrect 
name  of  artificial  oil  of  almonds.  By  reducing  agents,  it  is  con- 
verted into  amidobenzene  or  aniline,  C6H5(NH2),  which  will  be 
described  amongst  organic  bases. 

Dinitrobenzene,  C6H4(N02)2,  produced  by  warming  benzene 
with  a  mixture  of  nitric  and  sulphuric  acids,  is  a  white  substance 
crystallising  in  needles ;  by  reduction  with  hydrogen  sulphide,  it 
is  converted  into  nitraniline,  C6H4(N02)(NH2). 

The  isomeric  modifications  of  the  higher  substitution-deriva- 
tives of  benzene  are  supposed  to  depend  on  the  relative  positions 
of  the  chlorine-atoms  which  enter  into  the  molecule  in  place  of 
two  or  more  of  the  hydrogen-atoms.  Referring  to  the  diagram  on 
page  756,  it  is  easy  to  see  that,  as  the  arrangement  and  mode  of 
combination  of  the  carbon  and  hydrogen  atoms  are  perfectly  sym- 
metrical, the  replacement  of  one  atom  of  hydrogen  by  chlorine.  • 
bromine,  or  other  radical  must  yield  the  same  result,  whichever  of 
the  hydrogen-atoms  may  be  thus  replaced.  Accordingly  there  is 
but  one  monochlorobenzene,  CfiHfiCl.  But  when  two  or  more 
hydrogen-atoms  are  thus  replaced,  isomeric  modifications  become 
possible  according  as  the  atoms  of  chlorine,  bromine,  &c,  take 
the  place  of  contiguous  or  of  non-contiguous  hydrogen-atoms. 
Referring  again  to  the  figure  above  mentioned,  in  which  the 
carbon-atoms  are  numbered  from  1  to  6,  we  may  see  that  there  may 
be  three  dichlorobenzenes  represented  by  the  following  figures : 
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These  three  modifications  are  distinguished  by  the  symbols 

1:2  1:3  1:4 

In  the  first  the  two  chlorine-atoms  are  contiguous  ;  in  the  second 
they  are  separated  by  one  atom ;  and  in  the  third  by  two  atoms  of 
hydrogen.  It  is  clear  that  these  are  the  only  three  modifications 
possible :  for  2 : 3,  3:4,  4:5,  and  6  : 1,  would  be  the  same  as  1 ;  2 ; 
2 :4  and  3 : 5,  and  would  be  the  same  as  1:3;  and  2  : 5  and  3  :  6 
would  be  the  same  as  1 : 4. 

The  number  of  possible  modifications  formed  by  successive 
replacement  of  the  hydrogen-atonis  in  benzene  are  as  follows : 

a.  The  hydrogen-atoms  are  successively  replaced  by  the  same  ele- 
ment or  compound  radical.  In  this  case  the  number  of  modifica- 
tions is  as  follows : — 


Number  of 
Ilydrogen-atoms 
replaced. 

Number  of 
Modifications. 

one 

one 

two 

three 

three 

three 

four 

three 

five 

one 

six 

one 

Places  of  the  replaced 
Hydrogen-atoms. 


1 

1,2  1,8, 
1,2,3  1,2,4 
1,2,3,4  1,2,4,5 
1,2,3,4,5 


1,4 

1,3,5 

1,3,4,5 


b.  _  The  hydrogen-atoms  are  replaced  by  different  elements  or 
radicals. 

If  only  two  hydrogen -atoms  are  thus  replaced,  the  number  of 
possible  modifications  remains  the  same  as  above,  viz.,  three;  for 
the  reversal  of  the  order  (AB  or  BA)  can  make  no  difference  in  the 
result ;  but  if  three  or  more  hydrogen-atoms  are  replaced  by  dif- 
ferent radicals,  the  number  of  possible  modifications  becomes  larger, 
inasmuch  as  the  order  of  succession  of  the  substituted  radicals  may 
then  exert  an  influence  on  the  nature  of  the  product ;  thus :  to 
one  tribromobenzene,  CcBrBrBrH3,  in  which  the  bromine-atoms 
occupy  the  places  1, 2,  3,  there  will  correspond  two  dibromochloro- 
benzenes,  viz.,  CnBrBrClH3  and  C0BrClBrH3. 

In  the  present  state  of  our  knowledge  we  cannot  in  all  cases 
assign  to  the  several  radicals  which  replace  the  hydrogen  in  benzene 
their  exact  relative  positions  in  each  isomeric  modification;  but, 
inasmuch  as  a  given  modification  of  a  benzene-derivative  may  in 
many  cases  be  converted  by  simple  metamorphoses  into  a  particu- 
lar modification  of  another  benzene-derivative,  we  may  conclude 
that  in  the  two  derivatives  thus  producible  one  from  the  other, 
the  radicals  which  have  replaced  two  or  more  atoms  of  hydrogen 
occupy  corresponding  places.  Accordingly,  the  derivatives  of 
benzene  containing  a  given  number  of  replaced  hydrogen-atom  * 
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may  be  divided  into  groups,  each  containing  those  modifications 
which  can  be  readily  formed  one  from  the  other,  and  in  which 
therefore  the  radicals  which  have  replaced  the  hydrogen-atoms 
may  be  supposed  to  be  similarly  situated. 

The  bi-derivatives  of  benzene,  e.g.,  C8H4C1C1,  C6H4ClBr, 
C(iH4Cl(N0o),  &c,  exhibit,  as  above  mentioned,  three  such  modi- 
fications, and  these,  which  have  been  more  studied  than  the  more 
complex  modifications,  are  distinguished  by  the  prefixes  ortho, 
meta,  and  para :  thus  the  three  dichlorobenzenes  are  designated  as 
follows : 

1  2  3  4  5  6 

Orthodichlorobenzeue,  1:2  C0C1C1HHHH 

Metadichlorobenzene,  1:3  C0C1HC1HHH 

Paradichlorobenzene,   1:4  C6C1HHC1HH. 

Toluene,  C7H8,  or  Methyl- benzene,  C0H5(CH3).— This 
hydrocarbon,  which  may  also  be  regarded  as  a  compound  of  methyl 
with  the  univalent  radical,  phenyl,  i.  e.,  as  phenyl-methyl,  C6H5. 
CH3,  is  produced  :  Synthetically  (1.)  By  the  action  of  sodium  on 
a  mixture  of  bromobenzene  (phenyl  bromide),  and  methyl  iodide : 

C6H5Br  +  CH3I  +  Na2  =  NaBr  +  Nal  +  C0H5.CH3. 

(2.)  By  the  mutual  action  of  benzene  (phenyl  hydride),  and 
methane  (methyl  hydride),  in  the  nascent  state,  as  when  a  mix- 
ture of  2  parts  of  sodium  acetate  and  1  part  of  sodium  benzoate  is 
subjected  to  dry  distillation: 

C6H0    +    CH4    =    C7H8    +  H2. 

It  is  also  produced  by  distilling  toluic  acid,  C8H802,  with  linie, 
which  abstracts  carbon  dioxide : 

C8H802    =    C02    +  C7H8. 

It  occurs,  together  with  benzene  and  the  other  hydrocarbons  of 
the  series,  in  light  coal-tar  oil,  and  in  the  products  of  the  distilla- 
tion of  wood,  tolu-balsam,  dragon's  blood,  and  other  vegetable 
substances ;  and,  together  with  ma  ay  other  hydrocarbons,  in  Ran- 
goon tar  or  Burmese  naphtha, 

Toluene  is  a  limpid  liquid,  smelling  like  benzene,  and  having  a 
density  of  0-881  at  5°.  It  boils  at  1110,  and  does  not  solidify  at 
—  20°.  In  respect  of  solubility  and  solvent  power,  it  is  very  much 
like  benzene,  but  dissolves  somewhat  more  readily  in  alcohol. 
When  treated  with  oxidising  agents,  it  yields  benzoic  acid,  C7H0O2, 
or  derivatives  thereof;  with  potassium  chromate  and  sulphuric 
acid,  it  yields  benzoic  acid;  and  by  prolonged  boiling  with  strong 
nitric  acid,  nitrobenzoic  acid. 

Toluene  vapour  passed  through  a  red-hot  porcelain  tube  is  partly 
resolved  into  hydrogen  gas  (with  small  quantities  of  methane  ami 
ethine),  and  the  following  liquid  products:  (1.)  Benzene  and 
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naphthalene  in  considerable  quantities.  (2.)  A  crystal lisable 
hydrocarbon  volatilising  at  280°,  and  probably  consisting  of  diben- 
zyl,  C14Hj,.  (3.)  A  liquid  isomeric  with  the  last.  (4.)  A  mix- 
ture, distilling  above  360°,  of  anthracene  with  an  oily  liquid.  (5.) 
Chrysene  and  the  last  decomposition-products  of  benzene.  The 
formation  of  benzene,  naphthalene,  anthracene,  and  dibensyl  is 
represented  by  the  equations : 

2C7H8  =  C14HU  +  H2;   2C7H8  =  C14H10  +  3H2. 

Toluene.       Dibenzyl.  Toluene.  Anthracene. 

4C7H8    =    3C6H6    +    C10H8    +  3H2 

Toluene.  Benzene.  Naphtha- 

lene. 

Substitution-products  of  Toluene.— The  formula  of  toluene, 
C6H..CH3,  indicates  the  existence  of  two  series  of  substitution- 
products,  according  as  the  replacement  of  the  hydrogen  by  other 
radicals  takes  place  in  the  benzene  residue  or  principal  chain,  or 
in  the  methyl  group  or  lateral  chain ;  thus : 

C6H4C1.CH3       is  isomeric  with  C6H5.CH3C1 

Monoclilorotoluene.  Benzyl  chloride. 

C6H4(OH).CH3  „  CflH6.CH2(OH) 

Creso1-  Benzyl  alcohol. 

C6H4(NH2).CH3  „  C6H5.CH2(NH2) 

Toluidine.  Beiizylamine. 

These  isomeric  derivatives  differ  considerably  from  one  another 
in  their  properties.  Those  in  the  left-hand  column,  formed  by 
replacement  of  hydrogen  in  the  benzene  residue,  are  comparatively 
stable  and  indifferent  compounds,  like  those  derived  in  like 
manner  from  benzene  itself;  whereas  those  in  the  right-hand 
column,  formed  by  replacement  of  hydrogen  in  the  methyl  atom, 
are  more  active  bodies,  easily  exchanging  their  chlorine,  hydroxyl, 
&c,  for  other  radicals  by  double  decomposition,  like  the  corre- 
sponding derivatives  of  the  paraffins  (p.  550).  Thus  benzyl 
alcohol  treated  with  hydrochloric  acid  yields  benzyl  chloride  (just 
ae  ord, nary  ethyl  alcohol  similarly  treated  yields  ethyl  chloride)  ; 
and  this  compound  heated  with  ammonia  yields  benzylamine ;  the 
chloride  is  also  easily  converted  into  the  acetate,  cyanide,  &c,  by 
treatment  with  the  corresponding  potassium  salts.  In  short,  these 
last-mentioned  toluene  derivatives  exhibit  reactions  exactly  like 
those  ot  the  corresponding  compounds  of  the  methyl  and  ethyl 
Benes,  and  may,  in  like  manner,  be  supposed  to  contain  an  alcohol 
radical,  L-H7  called  benzyl:  e.rj.,  benzyl  chloride,  C7H7.C1; 
benzyl  alcohol,  C7H7(OH);  benzvlamine,  C7H7(NI!„). 

J  he  toluene-derivatives  in  the  left-hand  column  are  further 
susceptible  of  the  kind  of  isomeric  modification  already  noticed, 
depending  on  the  relative  positions  of  the  chlorine,  bromine, 
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hydroxyl,  &c,  and  the  methyl ;  cresol,  for  example,  exhibits  the 
three  modifications : 

C0HHHH(OH).CH3  C6HHH(OH)H.CH3  C0HH(OH)HH.CH3 

Orthocresol  (1 :  2)  Metacresol  (1 : 2)  Paracresol  (1 : 4) 

according  as  the  OH  and  GH3  are  contiguous,  or  separated  by  1  or 
by  2  atoms  of  hydrogen. 

The  difference  in  chemical  character  arising  from  the  chlorine, 
&c,  being  introduced  into  the  principal  or  into  the  lateral  chain 
is  much  greater  than  that  which  depends  upon  the  relative  posi- 
tions of  the  methyl  and  the  other  substituted  radicals  in  the 
principal  chain  ;  in  fact,  the  differences  in  the  latter  case  are,  as 
observed  in  the  case  of  the  chlorobenzenes,  &c,  chiefly  physical. 
In  speaking  of  these  two  kinds  of  isomeric  modification,  it  will  be 
convenient  to  designate  the  former  as  me  tarn  eric,  the  latter  as 
isomeric. 

Chloro toluenes. — The  action  of  chlorine  on  toluene  gives 
rise  to  a  number  of  substitution-products,  differing  in  constitution 
according  as  the  reaction  takes  place  at  high  or  at  low  tempera- 
tures. Compounds  isomeric  with  these  are  also  obtained  from 
benzyl  alcohol.  Of  the  two  metameric  monochlorinated  com- 
pounds whose  existence  is  indicated  by  theory,  viz.,  monochloro- 
toluene  and  benzyl  chloride,  the  first  is  produced  at  low,  the  second 
at  comparatively  high  temperatures,  as  when  toluene  is  distilled 
in  a  current  of  chlorine  gas,  keeping  the  temperature  between  110° 
and  140°.  Benzyl  chloride  boils  at  176°.  Chlorotoluene  exhibits 
two  isomeric  modifications  depending  on  the  relative  position  of 
the  chlorine  and  the  group  CH3.  The  compound  formed  in 
the  manner  just  mentioned,  which  is  the  para  modification, 
C6HHC1HH.CH3,  boils  at  157°-158°,  and  yields  toluene  when 
treated  with  sodium.  Orthochlorotoluene,  CGH4C1.CH3,  is  also 
known;  it  boils  at  156°. 

Of  the  dichlorinated  derivatives  of  toluene,  three  metamerides 
may  exist,  viz. : 


C0H3C12.CH3 

Dichlora- 
toluene. 


CaH4Cl.CHaCl 

CMorobenzyl 
chloride. 


C0H5.CHC1., 

Chlorobenzol 
(so-called). 


The  first  does  not  appear  to  have  been  obtained,  at  least  in  the 
pure  state.  The  second  is  formed  by  the  action  of  chlorine  on 
benzyl  chloride,  or  on  monochlorotoluene  ;  it  is  a  liquid  boiling 
somewhat  below  200°.  When  treated  with  alcoholic  potash,  it 
easily  gives  up  half  its  chlorine  (that  contained  in  the  methyl 
atom),  but  the  other  half  is  more  obstinately  retained.  Cldoro- 
benzol,  or  dichloromethyl-benzene,  is  produced  by  the  action  of  phos- 
phorus pentachloride  on  benzoic  aldehyde  or  bitter  almond  oil, 
(C7HflO).  It  is  a  colourless,  strongly  refracting  oil,  which  boils  at 
206°,  and  when  heated  to  120°-130°  with  water  or  aqueous  potash* 
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easily  gives  up  the  whole  of  its  chlorine  in  exchange  for  oxygen 
reproducing  benzoic  aldehyde : 

CaH5.CHCl2    +    H20    =    2HC1    +  CaH5.CHO 

Chlorobenzol.  Benzoic 

aldehyde. 

The  more  highly  chlorinated  toluenes,  C7H5CL,  and  C7H4C14, 
admit  of  a  still  greater  number  of  metameric  modifications  ;  but 
we  cannot  here  describe  them  in  detail. 

The  bromotoluenes  are  analagous  in  composition  and  mode 
of  formation  to  the  chlorotoluenes,  and  exhibit  corresponding 
isomeric  mocUfications. 

~NitTotoluenes.—Mononitrotoluene,  C7H7(N02),  is  formed  by 
treating  toluene  in  the  cold  with  firming  nitric  acid,  and  separates 
on  addition  of  water  as  a  red  liquid  ;  but  on  redistilling  this 
liquid,  collecting  the  portion  which  passes  over  below  240°,  and 
dissolving  it  in  alcohol,  it  is  obtained  in  white  shining  crystals, 
which  melt  at  54°,  and  distil  without  decomposition  at  238°.  A 
liquid  modification,  which  does  not  solidify,  is  obtained  by  heat- 
ing dimtrotoluene  in  hydrogen.  By  the  action  of  ammonium 
sulphide,  nitrotoluene  is  converted  into  amidotoluene  or 
toluidine,  C7H7(NH2).  Dinitrotoluene,  C7HB(N02)2.  and  'Tri- 
nitrotoluene, CVH6(N02)3,  are  crystalline  bodies  obtained' by  treating 
toluene  with  hot  fuming  nitric  acid.  The  former  is  converted  by 
ammonium  sulphide  into  nitrotoluidine,  C7H6(N02)(NH2). 

Hydrocarbons,  C8H10.—  This  formula  includes  the  two 
metameric  bodies : 

C0H5(CH2CH3)  C0H4(CH3), 

Ethyl-benzene.  Dimethyl-benzene. 

1.  Ethyl  benzene  is  produced  by  the  action  of  sodium  on  a 
mixture  of  monobromobenzene  and  ethyl  bromide.  It  is  a  colour- 
less mobile  liquid  very  much  like  toluene,  and  boiling  at  133° 
By  oxidation  with  potassium  chromate  and  sulphuric  acid  it 
yields  benzoic  acid.  It  is  slowly  attacked  by  bromine,  forming 
monobromethylbenzene,  C6H4Br(C2H5),  which  is  a  liquid  boiling  at 
200.  Heated  with  bromine  to  100°,  it  yields  more  highly 
l.rominated  compounds,  which  are  also  liquid.  There  are  three 
intro-ethyl-benzenes,  which  are  liquid  at  ordinary  temperatures. 

2.  Dimethyl-benzene,  or  Xylene,  admits  of  three  isomeric 
modulations  depending  on  the  relative  positions  of  the  two 
metnyi-atoms,  viz., 

Orthoxylene  (1  : 2)  .  CVCH3)(CH3)H  H  HH 
Metaxylene,  1:3)  .  C  CH  H  (CH3)H  HH 
Paraxylene,   (1;4)  < ',(< '!  k)l  I       if  (CH3)I!II 

Para-xylene  or  methyl-toluene  is  produced  synthetically 
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by  the  action  of  sodium  on  a  mixture  of  bromotoluene  and  methyl 
iodide : 

C6H4Br.CH3  4-  CH3I  +  Na2  =  NaBr  +  Nal  +  C0H3(CH3)2. 

Metaxylene  (also  called  isoxylene)  is  obtained  by  heating 
mesitylenic  acid  with  lime :  C9H10O2=CO2+C8H10  ;  and  or  thoxy- 
lene,  in  like  manner,  from  paraxylic  acid,  which  has  also  the 
composition,  C9H10O2.  These  isomeric  xylenes  are  colourless, 
volatile  liquids,  orthoxylene  boiling  at  140°-141°,  metaxylene  at 
137°-138°,  and  paraxylene  at  139°.  Meta-  and  para-xylene  are 
contained  in  the  less  volatile  portion  of  light  coal-naphtha.  When 
the  portion  of  this  liquid  which  boils  at  about  141°  is  shaken 
with  oil  of  vitriol  containing  a  little  fuming  sulphuric  acid,  the 
xylene  is  dissolved  in  the  form  of  xylene-sulphuric  acid,  C8H10SO3; 
and  on  decomposing  this  compound  by  dry  distillation,  and  purify- 
ing the  distillate  by  washing,  drying,  and  rectification,  a  mixture  of 
metaxylene  and  paraxylene  is  obtained,  contaimng  90  per  cent,  of 
the  former. 

Xylene  (either  modification)  passed  through  a  red-hot  tube,  is 
resolved  into  a  mixture  of  several  hydrocarbons,  among  which  are 
benzene,  toluene,  styrolene,  napthalene,  anthracene,  and  its  higher 
homologues.  The  formation  of  some  of  these  products  is  repre- 
sented by  the  following  equations : 

C8H10  -    H2  =    C8H8  (Styrolene) 
3C8H10  -  3H2  =  20,118  4-  C10H8  (Naphthalene) 
and  2C7H8    -  3H2  =    CMH10  (Anthracene). 

The  xylenes,  oxidised  with  a  mixture  of  potassium  dichroinate 
and  sulphuric  acid,  are  converted  into  phthalic  acids,  C8H604 

or  C6H4  j  coOH'  according to  lne  equation.  C8H10+O6=2H,O+ 
C8H604,  each  modification  of  the  hydrocarbon  yielding  a  corre- 
sponding modification  of  the  acid. 

Cldorine  and  bromine  act  upon  xylene  in  the  same  manner  as 
upon  toluene,  forming  substitution-derivatives  which  are  suscep- 
tible of  a  larger  number  of  metameric  modifications  than  those  of 
toluene,  inasmuch  as  xylene  contains  two  methyl-atoms,  whereas 
toluene  contains  only  one ;  but  they  have  not  been  very  minutely 
examined. 

The  mononitroxylenes,  C8H9(N02)  (meta-  and  para-)  are,  heavy 
oils,  converted  by  reducing  agents  hi  to  the  corresponding  xylidines, 
C8H0(NH2). 

Dinitrometaxxjlene  and  dinitroparaxyUne,  C8Hs(N02)2,  are  crystal- 
line solids.  . 

The  trinitroxyhncs,  C8H»(N02)?,  are  obtained  by  treating  tlie 
corresponding  xylenes  with  a  mixture  of  nitric  and  sulphuric 
acids :  the  meta-  and  para-compounds  crystallise  easily  in  needles, 
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the ;  former  melting  at  176°-177°,  the  latter  at  137°;  but  trinitro- 
orthoxylene  is  very  difficult  to  crystallise,  solidifying  very  slowly 
to  a  crystalline  mass  which  melts  at  55°. 

Hydrocarbons,  C9H12.— This  formula  includes  the  three 
lollowing  metameric  bodies : 

C6H6(C8Hr)      C8H4  j  ^  C6H3 

Propyl-benzene.  Jlethyl-etbyl  Trimethyl 

benzene.  benzene. 

All  three  have  been  formed  synthetically,  the  first  by  the  action 
of  sodium  and  propyl  iodide  on  bromobenzene;  the  second  by  that 
of  sodium  and  ethyl  bromide  on  bromotoluene  ;  the  third  by  that 
of  sodium  and  methyl  bromide  on  bromoxylene ;  thus : 

(1.)  C8H5Br  +  C3H7I   +  Na2  =  NaBr  +  Nal  +  C„H5(C3H7) 

(2.)  C„H4Br(CH,)  +  C2H,Br  +  Na2  =  2NaBr  +        +  C,H.(CH,)(C,H  ) 

(3.)  C„H3Br(CH3)2  +  CH3Br  +  Na2  =  2NaBr  +         +  C6H3<CH3)3  • 

Propyl-benzene  is  a  liquid  which  boils  at  157°,  forms  with 
excess  of  bromine  a  viscid  tetrabrominated  compound,  C9H8Br4  and 
with  excess  of  strong  nitric  and  sulphuric  acids,  a  crystalline  tri- 
mtro-derivative,  C9H9(N02)3.  , 

A  hydrocarbon,  called  cumene,  also  having  the  composition 
UH12,  and  very  much  like  propyl-benzene,  exists  ready-formed  in 
lioman  cumin-oil,  and  is  obtained  artificially  by  distilling  cumic 
acid,  L10H12O2,  with  lime ;  but  it  boils  at  a  lower  temperature 
viz.  151  ,  forms  with  bromine  a  finely  crystallised  pentabromi- 
liated  derivative,  C9HrBr6,  and  is  converted  by  excess  of  a  mix- 

nw  /°xTrfNtnCTand  sulPhuric  acids  °nly  into  dinitrocumene, 
^nA-N  U2)2.  It  agrees  with  propyl-benzene,  however,  in  beino- 
converted  by  oxidation  with  chromic  acid  into  benzoic  acid" 
Hence  it  is  probable  that  both  these  hydrocarbons  have  the  com- 
position L„H.  C3H- ;  but  that  cumene  consists  of  ismroml- 
benzene  C6rl f.CH(CH3)2>  whereas  the  compound  formed  by  the 
action  oi  sodium  and  propyl  iodide  -on  bromobenzene  is  normal 
propyl-bmzene,  C„H5.  CH2CH2CH3.    This  supposition  is  in  accord- 

r»l   f7  ;  ,W,er  1)0llin8  P°int  of  cumene,  as  it  is  a  general 

rale  that  rsopropyl-compounds  boil  at  lower  temperatures  than  the 
corresponding  normal  propyl-compounds. 

Cumene  dissolves  in  hot  fuming  nitric  acid,  and  water  added  to 
I'?  rtr  /,ZdTna  heavy  oil,  consisting  of  mononitro- 
nn  'no,  1  BMu(JSr02),  which  is  reduced  by  aimnonium  sulphate  to 
aimdocumene  or  cumidine,  C9HU(NH2). 

Mcthyl-ethyl-benzene,  or  ethyl-toluene,  CBH4(CPI.,)(C2H.), 
boils  at  159°  and  when  oxidised  with  potassium  chromate2  and 
fmlpnunc  and  yields  terephthalic  acid,  C„H,(C02H)2. 

1  rimethyl-benzene,  C0H3(CH.));i.  is  susceptible  of  three  iso- 
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meric  modifications,  depending  on  the  relative  position  of  the 
methyl-atoms.  All  three  of  them  exist  in  coal-tar,  and  one  is 
obtained  synthetically  by  the  action  of  sodium  on  a  mixture  of 
monobromoxylene  and  methyl  iodide : 

C6H3Br(CH3)2  +  CH3I  +  Na2  =  NaBr  +  Nal  +  C6H3(CH)3. 

This  hydrocarbon  boils  at  166°,  and  forms  with  bromine  the  com- 
pound C0HuBr,  which  crystallises  from  alcohol  in  large  white 
laminse,  melting  at  73°.  , 

Another  modification,  called  mesitylene,  was  obtained  by 
Kane,  several  years  ago,  by  distilling  acetone  made  up  into  a  paste 
with  sand,  with  strong  sulphuric  acid : 

3C3H60     -      3H20     =  C9H12. 

It  is  likewise  produced,  together  with  other  aromatic  hydrocar- 
carbous,  by  distilling  camphor  with  zinc  chloride.  It  is  a  liquid 
which  boils  at  163°,  and  is  converted  by  boiling  with  dilute  nitric 
acid  into  mesityl'enic  acid,  C9H10O2. 

Coal-naphtha  yields  by  fractional  distillation  a  hydrocarbon, 
C9H12,  boiling  at  164°-167°,  which  was  formerly  regarded  as  a 
definite  modification  of  trimethyl-benzene,  and  called  pseu  do - 
cumene.  But  recent  experiments  have  shown  that  it  is  really  a 
mixture  of  three  distinct  trhnethyl-benzenes,  one  of  which,  greatly 
predominating,  is  mesitylene ;  the  second,  identical  with  the  modi- 
fication obtained  by  the  action  of  sodium  on  a  mixture  of  bromo- 
xylene  and  methyl  iodide ;  while  the  third  is  a  modification  not 
yet  obtained  from  any  other  source.  These  three  modifications 
are  separated  by  treating  them  with  a  mixture  of  strong  nitric  and 
sulphuric  acids,  whereby  they  are  converted  into  crystalline  trini- 
tro-compounds,  C9H9(N02)3,  which  differ  considerably  in  their 
melting  points. 

Hydrocarbons  C10H14. — Theory  indicates  the  existence  of 
five  metameric  bodies  of  this  group,  viz. : — 

1.  Butyl- benzene,  C6H5.C4H9 

2.  Propyl-methyl- benzene  or  Propyl-tolueue,  C6H4.CH3.C3H7 

3.  Diethyl-benzene,  C6H4.C2Hr,.C.2H- 

4.  Dimethyl-ethyl-benzene,       .       .       •  C6H3.(CH3)2.C2H5 

5.  Tetramethyl-benzene,    ....  CGH2.(CH3)4 

The  first  is  not  known  ;  the  second,  third,  fourth,  and  fifth  have 
been  prepared  synthetically :  the  second  by  the  action  of  sodium 
and  normal  propyl  iodide  on  bromotoluene,  C6H4Br.CH3 ;  the 
third  and  fourth  by  that  of  sodium  and  ethyl  bromide  on  brom- 
ethyl-benzene  and  bromodhnethyl-benzene  (bromoxylene)  respec- 
tively ;  the  fifth  by  that  of  sodium  and  methyl  iodide  on  bromo- 
trimethyl-benzene.  There  are  also  two  hydrocarbons,  Ci0H14, 
called  cymenes,  which  have  not  been  prepared  synthetically. 
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1'ropyl-methyl-benzene,  Dieihyl-benzene,  and  Dimethyl- 
■  thyl-benzene,  prepared  as  above,  are  liquids,  the  two  former 
boiling  at  178°-179°,  the  third  at  183°-184°.  The  first  is  oxidised 
by  chromic  acid  to  toluic  acid  C8H4(CH3).,  C02H,  the  second  to 
terephthalic  acid  C6H4(C02H)2,  the  third  to  an  acid  similar  in 
constitution,  but  more  soluble  in  alcohol. 

Tetramethyl-benzene,  or  Durene,  CH2(CH3)4,  prepared  as 
above,  and  purified  by  distillation,  is  a  crystalline  body,  melting 
between  70J  and  80°,  and  boiling  at  189°-191°.  It  floats  on  water, 
volatilises  with  aqueous  vapour,  and  burns  with  a  very  bright 
flame.  It  is  the  only  known  hydrocarbon  of  the  benzene  series 
that  is  solid  at  ordinary  temperatures.  Its  dibromo-  and  diuitro- 
derivatives  are  likewise  crystalline. 

Cymene.— This  name  is  applied  to  two  metameric  hydrocarbons. 
CioH14,  which  have  not  been  prepared  synthetically,  viz.,  a.  cymene 
obtained  from  Roman  cumin  oil,  and  from  the  oil  of  water-hemlock 
seed  (Gicuta  virosa),  in  which  latter  it  exists  ready  formed  ;  also 
produced,  together  with  other  hydrocarbons  of  the  series,  by 
dehydrating  camphor  C10H16O,  with  fused  zinc  chloride  or  phos- 
phoric oxide  (P205),  or  phosphoric  sidphide  (P2S5) ;  and  /3  cymene, 
which  occurs  amongst  the  products  of  the  destructive  distillation 
of  coal. 

*  Cymene.— The  essential  oil  of  Roman  cumin  consists  mainly 
oJ  cumic  aldehyde  C10H12O  ;  and  by  distilling  the  oil  with  alcoholic 
potash,  this  aldehyde  is  resolved  into  cumic  acid  CinH1909  and 
a.  cymene : 

3CI0H12O    +    H20    =    2C10H12O2    +  C10H14. 

But  the  best  mode  of  preparing  «  cymene  is  to  distil  camphor 
with  phosphorus  pentasulphide,  cymene  then  passing  over  un- 
mixed with  any  other  hydrocarbon : 

5C10H16O    +    P2S5    =    5C10H14    +    P205    +  5H2S. 

A  hydrocarbon  C10H14  having  the  same  boiling  point  as  « 
cymene,  and  convertible  by  strong  sulphuric  acid  into  cymene- 
su  i'lnmc  ""i  C10H13SO3H,  is  obtained  by  treating  terpene 
mi  bromide  L10H1(,Br2  (produced  by  acting  on  turpentine  oil  with 
bromine  ma  cooled  vessel),  with  aniline,  which  abstracts  hydro- 
bromic  acid  :  C10H  Br2  -  H2Br2  =  C10H14.  Turpentine  oil  may, 
therefore,  be  regarded  as  a  hydride  of  cymene  (p.  782). 

*  -v™™  is  a  colourless,  strongly  refracting  oil,  of  si),  gr.  0-86 
at  L4  ,  boilrng  at  175M780.  By  prolonged  boiling  with  dilute 
mtnc  acid  it  is  converted  into  toluic  acid,  CrH»(C02H);  with 
stronger  nitric  aeid  it  yields  nitrotoltdc  acid  ;  and  by  boiling  with 
Potassium ^hromate  and  sulphuric  add,  it.  forms  terephthalic  acid, 

0     '  °2H)2.   According  to  Sieveking,  it  unites  with 
cmonne  and  bromine,  forming  the  liquid  compounds  CI0H14Cla 
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and  C10H14Br2 ;  according  to  Fittig  and  Ferber,  it  forms  only  sub- 
stitution-products—Cold  fuming  nitric  acid  converts  it  into  liquid 
nitrocymene,  C10H13(NO2),  which  is  converted  by  reducing  agents 
into  cymidine,  C10H13(NH2).  By  prolonged  heating  with  a  mix- 
ture of  nitric  and  sulphuric  acids,  it  is  converted  into  dinitrocy- 
mene,  C10H12(NO2)2,  which  crystallises  from  alcohol  in  long  needles 
or  lamina?,  melting  at  69-5°  ;  by  still  further  treatment  (for  several 
days)  with  the  mixed  acids,  it  appears  to  yield  crystalline  trini- 
trocymene,  melting  at  107°. 

Propyl-methyl  benzene,  prepared  as  above  mentioned,  boils  at 
nearly  the  same  temperature  as  u.  cymene,  is  likewise  converted 
by  oxidation  into  toluic  and  afterwards  into  terephthalic  acid,  and 
indeed  appears  to  resemble  a.  cymene  in  every  respect,  excepting 
that  its  nitro-derivatives  do  not  crystallise.  From  the  analogy  of 
cumene  (767)  it  is  probable  that^the  synthetically-prepared  com- 
pound is  normal  propyl-toluene^and  that  a.  cymene  is  isopropyl- 
toluene. 

/3  Cymene  is  contained  in  coal  tar,  chiefly  in  the  heavy  oU 
boiling  above  170°.  It  differs  from  a.  cymene  in  its  boiling  point. 
Its  products  of  oxidation  have  not  been  examined  ;  but  it  has 
hitherto  been  found  that  processes  of  destructive  distillation  yield 
only  methyl-derivatives  of  benzene  ;  hence  it  is  probable  that  /3 
cymene  is  one  of  the  modifications  of  tetramethyl-benzene. 

Hydrocarbons,  C^rli,,.— This  formula  admits  of  seven  modi- 
fications, only  three  of  which  have,  however,  been  obtained,  viz.  :— 

Amyl-benzene,     ....  C6Ha.C5Hu      boiling  at  193° 

i  Diethyl-methyl-benzene,  or  Die-  OTS  (    CH3  17fto 

thyl-toluene,     ....  C«H»  {  (C2H5)2  » 

Propyl-dimethyl-benzene,  Propyl-  q  g  <  (CH3)2  jggo 

xylene  or  Laurene,    .       .  6  3  (  C3H7 

The  first  is  obtained  by  the  action  of  sodium  on  a  mixture  of 
monobromobenzene  and  amyl  bromide  ;  the  second  by  that  of 
zinc-ethyl  on  benzylene  chloride  : 

C6H5.CHC12  +  Zn(C2H6)2  =  ZnCl2  +  C6H3.CH3(C2Hfl)o ; 

the  third,  together  with  several  of  its  lower  homologues,  by  distil- 
ling camphor  with  zinc-chloride.  The  constitution  of  this  last 
modification  is  inferred  from  its  reaction  with  dilute  nitric  acid, 
which  oxidises  it  to  lauroxylic  acid  C9H10O2 : 

C6H3{(C3Ht  +  °»   -    2C0*  +  3H«°  + 

The  hydrocarbons  C12H18  and  C13R.m  of  which  numerous 
modifications  are  possible,  are  known  each  only  in  one,  viz.  : — 
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Amyl-methyl-benzene  or  Amyl-  n  w  /  CH*°mn"°lnt-  s»-  *>«  * 
toluene,  .       .       .  .    C6H4  {  J^jp      2133  0'8643 

Amyl  -  dimethyl  -  benzene    or    ~  „  f  (CEui  „  „ 
Amyl-xylene,        .       .       .   C«H3  {  233  °'8951- 

They  are  formed  by  the  action  of  sodium  and  amyl  bromide  on 

bromotoluene  and  bromoxylene  respectively. 


II.  Hydrocarbons,  CnH2n-8  to  CnH2a-24. 
1.  The  formula  CnH2n-8  includes  phenylene,  C„BL,  and 
cmnamene  or  styrolene,  C8H8,  with  its  isomeride,  metacin- 
namene. 

°f-ph^nT?lenen  7ery  Httle  is  known-    A  having  the  com- 

position C.H.,  and  boiling  at  91°,  was  found  by  Church  among  the 
products  ot  the  decomposition  of  monochlorobenzene  by  sodium- 
amalgam.  Phenylene  is  probably  also  formed,  together  with  ben- 
zene when  diphenyl,  C12H10,  is  passed  through  a  red-hot  tube,  but  it 
is  subsequently  converted  into  a  polymeric  body,  chrysene,  C18H12 : 
Ci2H10    =    C6H6   +   C6H4;  and  3C6H4    =  C18H12. 

Cinnamene,  or  Styrolene,  C8H8,  is  produced :  1.  Syntheti- 
cally :  «  By  passing  a  mixture  of  benzene  vapour  and  ethine  or 
ethene  through  a  red-hot  tube  : 

C0H8  +  C2H2  =  C8H8 ;  and  C0Hfl  +  C2H4  =  C8H8  +  H2. 

fthene1*6  manner'  to§ether  vvith  benzene,  from  diphenyl  and 

Ci2H10    +    C2H4    =    C8H8    +  CCHC. 

J'  In  c}ecomP°sition  of  xylene  which  takes  place  when  the 
vapour  ot  that  compound  is  passed  through  a  red-hot  tube :  CoH,n= 
^8il8  +  H„  (p.  766.)  8  10 

^ZS^J^S  fc$^ baryta' which  removes  car- 

bv^iSl?™,  t?  is,c°ntaine(?  ?  lW  storax,  and  may  be  separated 
,1  n  i  ig  thte.balsam  Vth  ™*x*  containing  a  little  sodium 
carbonate,  to  retain  cinnamic  acid. 

(HKwTwi*"  l^o1001^  colourless  oil  of  specific  gravity 
heatl  „ w  U  l  'f  annd.??6S  I10t  80lidify  at-20°  When 
renf    ,  1 1         *  tuLe>  *  ™  converted  into  a  white,  transpa- 

«  mXl  ,efactlve»  solid  substance,  called  metacinnamene 
reto  v iff  i^-m  T,,is  stance,  when  heated  in  a  small 
retort,  vidds  a  distillate  of  pure  liquid  cinnamene* 

JdSaJTot'SS  ^P°ied  ^at  ci^amene  prepared  from  cinuamic 
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A  mixture  of  cinnamene  vapour  aud  ethene  passed  through  a 
red-hot  tube  yields  large  quantities  of  benzene  and  naphthalene. 
The  first  is  produced  from  the  ciirnamene  by  abstraction  ol  U2U2; 
the  second  according  to  the  equation : 

C8H8    +    C2H4    =    C10H8    +  2H2. 
A  mixture  of  cinnamene  and  benzene  vapours  passed  through  a 
red-hot  porcelain  tube,  yields  anthracene,  CUH10,  together  with 
small  quantities  of  other  products : 

C8H8    +    C0H6    =    CUH10    +  2H2. 

Cinnamene  acts  with  chlorine  and  bromine  like  a  bivalent  radical 
forming  the  compounds  C8H8C12  and  C8H8Br2  which  when  treated 
with  alcoholic  potash,  give  up  HC1  and  HBr  (like  the  correspond- 
ing ethene-compounds),  leaving  chloro-cmnamene,  C8HrU,  and 
bromo-cinnainene,  C8B7Br.  According  to  Laurent,  cinnamene 
yields  with  chlorine  a  hexchloride  of  dichloro-cinnamene, 
CoH.CL  Cb.— Metacinaamene  is  also  acted  upon  by  bromine, 
but  with  considerable  difficulty.— Both  cinnamene  and  ineta- 
cinnamene  treated  with  fuming  nitric  acid  yield  mononitrate 
derivatives,  C8H7(N02):  that  obtained  from  cmnamene  is  crystal- 
line ;  that  from  metacinnamene  amorphous. 

2.  Naphthalene,  C10H8.-This  hydrocarbon  is  produced,  as 
already  observed,  in  the  decomposition  of  toluene  xylene,  and 
cumene  at  a  red  heat;  also  by  passing  vapour  of  benzene,  cin- 
namene, chrysene,  or  anthracene  through  a  red-hot  tube  it  is 
formed  in  large  quantities  as  a  bye-product  in  the  preparation  of 
coal-gas,  its  production  doubtless  arising  from  reactions  similar  to 
those  just  mentioned.  When  the  last  portion  of  the  volatile  oily 
product  which  passes  over  in  the  distillation  of  coal-tar,  is  collected 
apart  and  left  to  stand,  a  quantity  of  solid  crystalline  matter  sepa- 
rates, which  is  principally  naphthalene.  An  additional  quantity  may 
be  obtained  by  pushing  the  distillation  untd  the  contents  of  the 
vessel  begin  to  char;  the  naphthalene  then  condenses  m  the  solid 
state,  but  dark-coloured  and  very  impure.  By  simple  suohnmtion, 
once  or  twice  repeated,  it  is  obtained  perfectly  white.  In  tins  stara 
naphthalene  forms  large  colourless,  transparent,  brilliant,  crystal- 
line plates,  exhaling  a  faint  and  peculiar  odour,  which  has  been 
compared  to  that  of  the  narcissus.  Naphthalene  melts  at  80  to  a 
clear,  colourless  liquid,  which  crystallises  on  cooling;  it  boils  ai 
212°  and  evolves  a  vapour  whose  density  is  4-528.  When  strongly 
heated  in  the  air,  it  inflames  and  burns  with  a  red  and  very  smoky 
lio-ht  It  is  insoluble  in  cold  water,  but  soluble  to  a  slight  degree 
at°  the  boding  heat ;  alcohol  and  ether  dissolve  it  easily ;  a  noi 
saturated  alcoholic  solution  deposits  fine  iridescent  crystals  on 

^Naphthalene  dissolves  in  warm  strong  sulphuric  acid,  forming 
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two  crystalline  acids :  sulphonaphthalic  acid,  C10H8SO3,  and  disul- 
phonaphthalic  acid,  C10H8S2Oe,  both  of  which  form  soluble  barium 
salts. 

Naphthalene  unites  directly  with  4  atoms  of  bromine  and  chlorine, 
forming  the  compounds  C10H8C14  and  C10H8Br4.  It  also  forms  a 
great  number  of  substitution-products  with  these  elements,  bromine 
being  capable  of  replacing  from  1  to  4,  and  chlorine  from  1  to  8 
atoms  of  hydrogen  in  naphthalene;  there  are  also  several  deri- 
vatives containing  both  bromine  and  chlorine,  e.g.,  C10H3Br2Cl3. 
Many  of  these  substitution-derivatives  are  susceptible  of  isomeric 
modifications  differing  from  one  another  in  their  physical  pro- 
perties. The  chloro-  and  bromo-naphthalenes  are  capable,  like 
naphthalene  itself,  of  uniting  with  4  atoms  of  bromine  or  chlorine, 
and  with  2  molecules  of  hydrochloric  or  hydrobromic  acid,  forming 
such  compounds  as  C10H?C12.C14,  C10H4Br2Cl2.2HCl,  &c. 

With  strong  nitric  acid,  naphthalene  yields  the  three  substitu- 
tion-products, C10H7(NO2),  C1QH0(NO2)2,  and  C10H6(NO2)3,  all  of 
which  are  white  crystalline  solids.  The  first  is  converted  by  re- 
ducing agents  into  amidonaphthalene,  naphthalidine,  or  naphthy- 
lamine,  C10H7(NH2). 

By  oxidising  agents,  as  by  a  mixture  of  manganese  dioxide  and 
a  potassium  dichromate  and.  sulphuric  acid,  and  by  chlorous  acid, 
naphthalene  is  converted  into  phthalic  acid,  CgH4(C02H)2,  two  of 
its  carbon-atoms  being  removed  as  carbon  dioxide,  while  two 
others  remain  in  the  form  of  carboxyl : 


C10H8    +    09    =    CcH4(C02H)2    +    2C02  + 


H20. 


Hence  naphthalene  contains  a  benzene  residue  C6H4 ;  and  further 
considerations,  into  which  we  have  not  space  to  enter,  show  that 
it  may  be  regarded  as  made  up  of  two  benzene  residues,  symmetri- 
cally disposed  in  the  manner  shown  by  the  following  formula : 


H-C 


ii-c 


i 

h 


C-H 


C-H 


i 

H 


It,  is  easy  to  see  that  the  replacement  of  the  hydrogen-atoms  in 
•such  a  molecule  by  other  radicals,  may  give  rise  to  a  large  number 
nf  isomeric  substitution-derivatives.  In  benzene  we  have  seen 
that  the  replacement  of  one  hydrogen-atom  by  chlorine,  hydroxyl, 
fei -.,  can  give  but  one  derivative,  because  all  the  carbon  atoms  are 
symmetrically  disponed  and  have  the  same  functions;  but  in 
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naphthalene  two  modifications  of  such  a  derivative,  C10H7C1,  for 
example,  are  possible,  inasmuch  as  the  hydrogen-atoms  adjacent 
to  the  two  carbon-atoms  which  are  common  to  both  the  benzene 
rings,  may  be  supposed  to  differ  in  their  functions  from  the  rest. 
When  two  or  more  hydrogen-atoms  are  replaced,  a  great  number 
of  modifications  may  arise,  accordingly  as  the  replaced  hydrogen- 
atoms  belong  to  the  same  or  to  different  benzene  rings. 

3.  Diphenyl,  C12H10,  and  the  isomeric  bodies  dibenzyl  and 
ditotyl,  C14HU,  are  included  in  the  formula  CnH2n— 14. 

Diphenyl  is  produced:  (1)  as  already  observed,  by  passing 
benzene  vapour  through  a  red-hot  tube  :  2C6H8  =  C^Etio  +  H2 . 

(2)  By  the  action  of  sodium  on  phenyl  bromide  or  monobromo- 
benzene : 

2CBHfiBr    +    Na2    =    2NaBr    +    C12H10 . 

(3)  Together  with  other  products,  by  the  action  of  alcoholic  potash 
on  nitrate  of  diazobenzene  :* 

2C6H4N2    +    C2H0O    =    C12H10    +    C2H40    +  2N2. 

Diazoben-  Alcohol.  Diphenyl.  Aldehyde, 

zene. 

Diphenyl  appears  also  to  be  one  of  the  constituents  of  crude 
anthracene  (p.  777),  and  passes  over  in  the  distillation  of  that 
substance,  at  about  260°. 

Diphenyl  crystallises  from  alcohol  in  iridescent  nacreous  scales, 
which  melt  at  about  60°,  sublime  at  a  higher  temperature,  and 
boil  at  about  240°.  It  is  converted  by  bromine  into  dibromo- 
diphenyl,  C12H8Br2:  and  by  fuming  nitric  acid  into  dinitro- 
diphenyl,  C12H8(N02)2.  The  latter  is  converted  by  hydrogen 
sulphide  into  cliarnido-diphenyl  or  benzidine,  C12H8(NH2)2,  a 
crystalline  base,  which,  when  treated  with  nitrous  acid,  yields  the 
nitrate  of  tetrazodiphenyl  or  diazobenzidine,  C12HGN4 : 

C12H12N2    +    2NH02    =    C12H0N4    +  4H20. 

Dibenzyl,  C14H14  =  (C7Hr)2,  is  produced  by  heating  benzyl 
chloride,  CrH7Cl,  or  benzylidene  bromide,  C7H0Br2  (a  product  of 
the  action  of  phosphorus  pentabromide  on  bitter-almond  oil),  with 
sodium.  It  is  a  crystalline  solid,  insoluble  in  water,  but  soluble 
in  alcohol  and  ether ;  melts  at  about  52°,  and  distils  without  decom- 
position at  284°.  When  treated  with  bromine  and  water,  it  yields 
the  substitution -products,  C14Hi;,Br,  C14H12Br2,  C14HnBr3,  and 
C14HgBrn,  all  of  which  are  crystalline  at  ordinary  temperatures, 
except  the  first,  which  is  an  oil  solidifying  when  cooled  below  0  . 
Dibenzyl  also  unites  directly  with  bromine,  forming  the  crystalline 
compound  CyH14Br2.  Fuming  nitric  acid  converts  it  into  dinitro- 
dibenzyl,  C14H12(N02)2,  which  crystallises  in  needles,  and  is  con- 

*  Griess,  Phil.  Trans.  1864,  part  iii.  p.  692. 
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\  erted  by  reducing  agents  into  the  correspondmg  amido-compound, 
U14H12(NH2)2. 

The  isomeric  compound,  ditolyl,  formed  by  heating  bromo- 
toluene,  C6H4Br.  CH3,  with  sodium,  is  a  liquid. 

The  isomerism  between  benzyl  and  tolyl  appears  to  consist  in 
the  former  having  the  structure  of  phenylated  methyl,  CH2(C8H5), 
and  the  latter  that  of  methylated  phenyl,  C0H4(CH3)  ;  thus : 


CH2  j  g|H* 

Benzyl  chloride. 

CLH 


CH, 
CI 


C0H4 


Tolyl  chloride,  or 
chlorotoluene. 


CH, 


«H,C,HS 


CBH4 


Dibenzyl. 


CH3 

C6H4CH3 


Ditolyl. 


4  Toluylene,  or  Stilbene,  C14H12,  is  formed,  together  with 
other  products,  by  heating  benzylidene"  sulphide : 

8C7H6S    =    2C14H12    +    C20H18S    +    2CS2    +  3H2S 


Benzylidene 
sulphide. 


Stilbene. 


Thionessal. 


It  crystallises  in  colourless  plates  having  a  mothcr-of-pearl 
lustre,  melts  above  100°,  and  boils  at  292°.  It  forms  substitution- 
products  with  chlorine,  bromine,  and  nitric  acid,  and  unites 
directly  with  chlorine,  forming  the  compound  C14H12C12 . 

5.  Anthracene,  CJ4H10,  is  produced : 

a.  By  passing  a  mixture  of  benzene  with  ethene  gas  or  cinna- 
mene  vapour,  or  of  diphenyl  or  chrysene  vapour  with  ethene  gas, 
through  a  red-hot  porcelain  tube : 

5.  By  exposing  a  mixture  of  benzene  and  naphthalene  vapour  to 
h  white  heat : 


2C(!H0 
Benzene. 

Benzene. 


+ 
+ 


C2H4 

Ethene. 
Cinna- 


3H2 
2H, 


+ 
+ 


C14H10 

Anthracene. 
Anthracene. 


^12^10 

Diphenyl. 

^18^12 
Chrysene. 

Naphthalene, 


+ 
+ 
+ 


C2H4 
Ethene. 

C2H4 

Ethene. 

3C„H0 

Benzene. 


H2 

Benzene. 

3H9 


+ 
+ 


C14H12 

Anthracene. 

C14H10 
Anthracene. 

2C]4H10 

Anthracene. 


c.  When  toluene,  xylene,  or  cumene  is  passed  through  a  red-hot 
tube  (pp.  763, ,766). 

d.  By  heating  alizarin,  CuH804,  with  zinc  dust,  a  mixture  of 
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metallic  zinc,  zinc  oxide  and  zinc  hydrate,  the  hydrogen  required 
for  the  transformation  heing  supplied  hy  the  hydrate : 

C14H804    +    H2    +    Zn4    =    4ZnO    +  CUH10. 

e.  By  heating  benzyl  chloride,  C7H7C1  =  C0H5.CH2C1,  dibenzyl 
being  probably  formed  at  the  same  time : 

4C7H7C1    =    CUH10    +    C14H14    +  4HC1. 

This  last  mode  of  formation  gives  an  insight  into  the  constitu- 
tion of  anthracene,  showing  that  it  is  made  up  of  the  residues  of 
two  molecules  of  benzyl  chloride,  C0H5.  CHHC1,  the  phenyl  group 
or  principal  chain  of  each  giving  up  an  atom  of  hydrogen,  while 
of  the  lateral  chains,  CHHC1,  each  gives  up  a  molecule  of  HC1, 
and  the  two  residues  unite  in  the  manner  shown  by  the  following 
diagrams : 


This  constitutional  formula  may  be  written  in  a  more  condensed 
form,  as  follows : 

CCH4  CH 

C0H4  CH 

f.  Anthracene  is  produced  in  the  dry  distillation  of  coal,  bitu- 
minous shale,  and  wood,  and  is  contained  in  the  last  heavy  and 
semifluid  portions  of  the  tar,  at  first  together  with  naphthalene, 
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finally  with  chrysene.  A  commercial  product  of  this  kind,  used 
as  a  lubricator  for  machinery,  is  yellow,  soft,  somewhat  like  palm- 
oil,  and  contains  anthracene,  together  with  several  of  its  homo- 
logues  and  other  hydrocarbons..  To  obtain  pure  anthracene,  the 
crude  commercial  product  is  distilled  from  an  iron  retort,  the  first 
and  last  portions  of  the  distillate  being  rejected,  and  the  inter- 
mediate portion  crystallised  either  from  alcohol,  or  from  coal-oils 
boiling  between  100°  and  120°. 

Anthracene  forms  small,  colourless,  micaceous  laminae,  of  sp.  gr. 
1-147,  melting  at  about  213°,  subliming  slowly  at  100°,  more 
quickly  at  a  stronger  heat,  and  boiling  between  220°  and  230°.  It 
is  insoluble  in  water,  but  dissolves  easily  in  boiling  alcohol,  more 
abimdantly  in  ether,  benzene,  and  volatile  oils,  especially  oil  of 
turpentine,  It  forms  substitul  ion-products  with  bromine  and 
chlorine.  Dibromanthracene  unites  with  bromine,  forming  the 
compound  C14HsBr2.  Br„  and  chloranthi-acene  forms  a  hvdro- 
chloride  containing  C,4H7C1.HC1. 

Anthracene,  heated  with  potassium  chromate  and  sulphuric 

C6H4— C-0 

acid,  is  oxidised  to  a  n  t  h  r  a  q  u  i  n  o  n  e,  I  1 1     I,  or  Cl4H8  (02) 

C0II4 — C — 0 

the  two  oxygen-atoms  in  which  are  linked  together  so  as  to  form 
a  bivalent  radical,  like  Hg2  in  the  mercurous  compounds.  An- 
thraquinone,  heated  with  bromine,  yields  dibromanthraquinone, 
Ci626Br2(02)" ;  and  the  latter,  heated  with  caustic  potash  or  soda, 
is  converted  into  alizarin,  C14H804,  or  C14H6(OH)2(02)",  identical 
with  the  red  colourmg  matter  of  Madder  (see  the  chapter  on 
Colouring  Matters). 

Crude  anthracene  contains  also  several  hydrocarbons  homolo- 
gous with  anthracene,  and  less  volatile  than  anthracene  itself; 
among  others,  methyl-anthracene,  C16H12,  or  C14H9(CH3), 
which  is  identical  with  the  paranapthalene  of  Dumas,  and  tetra- 
methyl-anthracene,  or  retene,  C18H18,  or  C14H0(CH3)4. 

Ketene,  which  is  polymeric  with  benzene,  likewise  occurs  in 
thin  unctuous  scales  on  fossil  pine-stems  hi  beds  of  peat  and  lignite 
in  Denmark  and  other  localities.  It  is  produced  also  in  the  dry 
distillation  of  very  resinous  fir  and  pine -wood,  passing  over 
together  with  the  heavy  tar-oil,  and  separating  in  scales  like 
paraffin.  It  is  soluble  in  warm  alcohol  and  ether,  and  dissolves 
easily  in  oils  both  fixed  and  volatile;  sulphuric  acid  converts  it 
mto  disulphoretic  acid,  C18HlgS208. 

6.  Pyrene,  ClqIL0,  is  contained,  together  with  chrysene,  in  the 
mixture  of  solid  hydrocarbons  obtained  from  coal-tar,  and  having 
a  higher  boiling-point  than  anthracene.  On  heating  the  mixture 
with  carbon  bisulphide,  pyrene  and  other  hydrocarbons  are  dis- 
solved, while  chrysene  remains  behind.  The  pyrene  may  be 
obtained  pure  by  distilling  off  the  carbon  bisulphide,  and  repeat- 
edly crystallising  the  residue  from  boiling  alcohol.    It  crystallises 
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in  plates,  melts  at  142°,  and  distils  at  a  high  temperature.  Heated 
with  potassium  dichromate  and  sulphuric  acid,  it  is  converted  into 
pyrene- quin oue,  C16H802.  Pyrene  appears  to  have  the  consti- 
tution of  phenylene-naphthalene,  C10H0(C0H4)//. 

7.  Chrysene,  C18H12,  is  also  produced,  together  with  henzene, 
by  heating  diphenyl  for  an  horn-  in  a  sealed  tube  filled  with 
hydrogen,  the  diphenyl  being  probably  resolved  in  the  first  in- 
stance into  benzene  and  phenylene,  which  latter  is  then  poly- 
merised into  chrysene  (p.  771).  It  is  found,  together  with  benz- 
erythrene  (p.  758),  in  the  last  product  obtained  by  the  distillation 
of  crude  anthracene,  and  in  the  residue  left  in  the  retort ;  in  larger 
quantity  also  in  the  last  products  of  the  distillation  of  pitch. 
Laurent  likewise  obtained  it  by  the  dry  distillation  of  fats  and 
resins.  Pure  chrysene  has  a  fine  yellow  colour.  It  is  insoluble 
in  alcohol,  nearly  insoluble  in  ether,  and  is  deposited  from  boiling 
oil  of  turpentine  in  yellow  crystalline  flakes.* 


III. — Terpenes,  C10H10. 

These  bodies  are  volatile  oils  existing  in  plants,  chiefly  of  the 
coniferous  and  aurantiaceous  orders.  They  have  not  yet  been 
formed  by  any  artificial  process,  but  their  relation  to  the  aromatic 
group  is  shown  by  their  conversion  into  terephthalic  acid  by 
oxidation  with  nitric  acid,  and  by  the  formation  of  cymene  from 
turpentine  oil  (p.  769). 

Turpentine  oil,  the  most  important  member  of  the  group,  is 
contained  in  the  wood,  bark,  leaves,  and  other  parts  of  pines,  firs, 
and  other  coniferous  trees,  and  is  usually  prepared  by  distilling 
crude  turpentine,  the  oleo-resinous  juice  which  exudes  from  in- 
cisions in  the  bark  of  the  trees,  either  alone  or  with  water.  It 
was  formerly  supposed  that  all  the  volatile  oils  thus  obtained, 
and  having  the  composition  C10H16,  were  identical  in  chemical 
and  physical  properties ;  but  recent  investigations,  especially  those 
of  Berthelot,  have  shown  that  the  turpentine  oils  obtained  from 
different  sources  exhibit  considerable  diversities  in  their  physical, 
and  more  especially  in  their  optical  properties ;  further,  that  most 
kinds  of  turpentine  oil  are  mixtures  of  two  or  more  isomeric  or 
polymeric  hydrocarbons,  differing  in  physical  and  sometimes  also 
in  chemical  properties.  These  modifications  are  often  produced  by 
the  action  of  heat  and  of  chemical  reagents  during  the  purification 
of  the  oil. 

The  several  varieties  of  turpentine  oil,  when  purified  by  repeated 
rectification  with  water,  are  colourless  mobile  liquids,  having  a 

*  Respecting  tbe  constitutional  formulae  of  chrysene  and  pyrene,  sea 
Journal  of  the  Chemical  Society,  1871,  pp.  692,  69 1.' 
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peculiar  aromatic  but  disagreeable  odour.  They  are  insoluble  in 
water,  slightly  soluble  in  aqueous  alcohol,  miscible  in  all  propor- 
tions with  absolute  alcohol,  ether,  and  carbon  disulphide.  They 
dissolve  iodine,  sulphur,  phosphorus,  and  many  organic  substances 
which  are  insoluble  in  water,  such  as  fixed  oils  and  resins  and  are 
therefore  used  for  making  varnishes. 

The  principal  varieties  are,  French  turpentine  oil,  obtained  from 
the  French  or  Bordeaux  turpentine  of  Pinus  maritima,  and  English 
turpentine  oil,  from  the  turpentine  collected  in  Carolina  and  other 
Southern  States  of  the  American  Union,  from  Pinus  australis  and 
Pinus  Tccda. 

French  turpentine  oil,  when  purified  by  neutralising  it  with  an 
alkaline  carbonate,  and  then  distilling  it,  first  over  the  water-bath, 
and  then  in  a  vacuum  (by  which  treatment  all  transformation  of 
the  product  by  heat  or  by  reagents  is  avoided),  consists  mainly  of 
a  hydrocarbon,  C10H16,  called  terebenthene.  It  has  a  specific 
gravity  of  0-864,  boils  at  161°,  and  turns  the  plane  of  polarisation 
of  a  ray  of  light  to  the  left.  English  turpentine  oil,  treated  in  a 
similar  manner,  yields,  as  its  chief  constituent,  a  liquid  called 
australene,  or  austraterebenthene,  having  the  same  specific 
gravity  and  boiling  point  as  terebenthene,  but  turning  the  plane 
of  polarisation  to  the  right. 

When  pure  turpentine  oil  (terebenthene  or  australene)  is  heated 
to  200°-250°,  it  undergoes  a  molecular  transformation,  and  may 
then  be  separated  by  distillation  into  two  oils,  one  called  austra- 
pyrolene,  isomeric  with  the  original  oil,  and  boiling  at  176°  to 
178°;  the  other,  called  metaterebenthene,  polymeric  with  the 
original  oil,  having  the  formula  C^qHj,,  and  boiling  at  a  tempera- 
ture above  360°.  Both  are  levorotatoiy,  the  latter  exhibiting  the 
greater  amount  of  rotatory  power. 

Turpentine  oil  treated  with  boron  fluoride  or  strong  sulphuric 
acid,  is  transformed  into  two  hydrocarbons  having  no  action  on 
polarised  light.  The  one,  called  terebene,  has  the  formula 
CJ0H1(1,  and  boils  at  160°;  the  other,  called  colophene,  or 
di  terebene,  consists  of  C20H32,  and  boils  at  a  very  high  tempera- 
ture. 

Bythe  action  of  sodium  stcarate  on  a  solid  compound  of  turpentine 
oil  and  hydrochloric  acid  to  be  presently  described,  a  crystallised 
hydrocarbon,  C10H10,  called  camphene,  is  formed,  which  turns 
the  plane  of  polarisation  to  the  left  or  to  the  right,  according  as 
it  has  been  foimed  from  French  or  from  English  turpentine  oil. 
If  todvwm  acetate  be  used  in  its  preparation  in  place  of  the 
Stearate,  the  same  hydrocarbon  is  obtained,  but  it  is  then  optically 
inactive. 

Turpentine  oil  exposed  to  the  air  absorbs  oxygen,  which  then, 
as  in  all  slow  combustions,  acquires  the  properties  of  ozone,  and 
subsequently  enters  into  combination  with  the  hydrocarbon  form- 
ing resinous  products.    Nitric  acid,  and  other  powerful  oxidising 
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agents,  convert  turpentine  oil  into  a  number  of  acid  products  of 
complex  constitution.  Strong  nitric  acid  acts  very  violently  on 
turpentine  oil,  sometimes  setting  it  on  fire. 

Chlorine  is  absorbed  by  turpentine  oil,  with  evolution  of  heat, 
sometimes  sufficient  to  produce  inflammation.  When  paper  soaked 
in  rectified  turpentine  oil  is  introduced  into  a  vessel  filled  with 
chlorine,  the  turpentine  takes  fire,  and  a  quantity  of  black  smoke 
is  produced,  together  with  white  fumes  of  hydrochloric  acid 
Bromine  acts  in  a  similar  manner.  Iodine  is  dissolved  by  turpen- 
tine oil,  forming  at  first  a  green  solution,  which  afterwards  becomes 
hot,  and  gives  off  hydriodic  acid.  When  a  considerable  quantity 
of  iodine  is  suddenly  brought  in  contact  with  turpentine  oil, 
explosion  frequently  eusues.  Turpentine  oil  distilled  with 
chloride  of  lime  and  water,  yields  chloroform. 

Compounds  of  Turpentine  oil. — Turpentine  oil  forms  several 
compounds  with  hydrochloric  acid.  The  gaseous  acid  converts  it 
into  the  monohydrochloride,  C10H16.  HC1.  On  the  other  hand, 
when  the  oil  is  subjected  for  several  weeks  to  the  action  of  the 
strong  aqueous  acid,  crystals  ofadihydrochloride,  C10H1C.  2HC1, 
are  obtained.  This  latter  compound  is  also  formed  by  the  action 
of  hydrochloric  acid  gas  on  lemon  oil:  hence  it  is  called  citrene 
dihydrochloride.  By  the  action  of  hydrochloric  acid  on  tere- 
bene,  the  compound  C20H32.HC1  is  formed,  called  diterebene 
hydrochloride.  Lastly,  when  a  current  of  hydrochloric  acid 
gas  is  passed  through  a  solution  of  turpentine  oil  in  acetic  acid, 
the  compound  C20H32.3HC1  is  produced,  called  dipyrolene 
hydrochloride. 

Hydrobromic  and  hydriodic  acids  form,  with  oil  of  turpentine, 
compounds  analogous  in  composition  to  the  hydrochlorides ;  the 
dihydriodide,  however,  has  not  been  obtained  from  turpentine  oil 
itself. 

Whatever  method  may  be  adopted  for  preparing  the  hydro- 
chlorides, hydrobromides,  or  the  monohydriodide  of  turpentine 
oil,  there  are  always  two  isomeric  modifications  obtained — one 
liquid,  the  other  solid  and  crystalline.  The  crystallised  mono- 
hydrochloride is  sometimes,  though  inappropriately,  designated  as 
artificial  camphor,  and  the  dihydrochloride  as  lemon  camphor. 

Hydrates  of  Turpentine  oil. — The  terebenthenes  unite 
with  water  in  several  proportions,  yielding  the  following  com- 
pounds : — 

C10H10.3H2O    C10Hle.2H2O    C10H10.H2O  2C10H16.H2O 

Terpin  Terpin.  Terpentin  Terpinol. 

hydrate.  hydrate. 

Terpin  hydrate,  C10H10. 2H20  +  aq.  (also  called  Turpentine  cam- 
phor and  Hydrate  of  Turpentine-oil),  is  frequently  deposited  in  crys- 
tals from  turpentine-oil  containing  water;  its  production  is  favoured 
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by  the  presence  of  an  acid.  To  prepare  it,  8  vols,  turpentine  oil 
are  mixed  with  2  vols,  nitric  acid  and  1  to  6  vols,  alcohol ;  and 
the  mixture  is  frequently  shaken  during  the  first  few  days,  then 
left  to  itself  in  shallow  vessels  for  several  weeks.  Brown  crystals 
are  thereby  formed  which  must  be  pressed,  and  then  recrystallised 
from  boiling  water,  with  addition  of  animal  charcoal. 

Terpin  hydrate  usually  crystallises  in  large  rhombic  prisms  :  it 
dissolves  sparingly  in  cold,  easily  in  boiling  water,  easily  also  in 
alcohol  and  ether.  At  100°  it  melts,  gives  off  its  water  of 
crystallisation,  and  is  converted  into  terpin.  The  same  change 
takes  place  on  exposing  the  crystals  to  air  dried  over  oil  of 
vitriol. 

Terpin,  C10H10.2H2O,  melts  at  103°,  and  solidifies  in  the 
crystalline  state  on  cooling.  It  sublimes  at  about  150°,  in  slender 
needles.  It  is  dissolved  with  red  colour  by  strong  sulphuric 
acid,  and  converted  into  turpentine  oil.  The  same  change  takes 
place  on  boiling  the  terpin  with  dilute  acids,  heating  it  to  100° 
with  zinc  chloride,  or  to  160°-180°  with  chloride  of  calcium, 
strontium,  or  ammonium.  Terpin,  or  terpin  hydrate,  subjected 
to  the  action  of  gaseous  or  aqueous  hydrochloric  acid,  or  of  the 
chlorides,  bromides  or  iodides  of  phosphorus,  is  converted  into 
the  crystallised  dihydrochloride,  dihydrobromide,  or  dihydriodide ; 
this  is  in  fact  the  only  way  of  obtaining  the  last-mentioned  com- 
pound. Terpin,  distilled  with  phosphoric  oxide,  yields  terebene 
and  colophene  (p.  779).  Heated  with  acetic  or  butyric  acid, 
or  with  benzoic  chloride,  it  yields  terebene  and  polyterebenes. 
When  heated  with  acetic  oxide,  (C2H?0)20,  to  140°,  for  not  too 
long  a  time,  it  yields  a  compound  containing  C10H16.C2H4O2.H2O. 

Terpentin  hydrate,  CJOH10 .  H20,  is  sometimes  obtained  in  the 
preparation  of  terpin,  either  together  with  the  latter,  or  alone.  It 
is  a  liquid  insoluble  in  water,  and  boiling  at  200°-220°. 

Terpinol,  2C,0H16 .  H20,  is  produced  when  terpin  is  boiled  with 
dilute  hydrochloric  or  sulphuric  acid,  or  when  the  dihydrochloride 
of  terebene  is  boiled  with  water,  alcohol,  or  alcoholic  potash.  It  is 
a  colourless,  strongly  refracting  oil,  optically  inactive,  and  boiling 
with  partial  decomposition  at  168°. 

The  hydrocarbon  C10H10  acts  as  a  quadrivalent  radical,  capable 
of  uniting  with  four  monad  atoms,  and  therefore  with  two 
molecules  of  the  acids  HC1,  HBr,  and  HI,  thereby  producing 
the  dihydrochlorides  above  mentioned ;  but,  like  other  tetrad 
radicals,  it  can  also  take  up  only  two  monad  atoms,  producing 
the  monohydrochloride,  &c.  The  same  tetrad  radical,  by  doubling 
itself,  loses  two  units  of  equivalence,— just  as  two  atoms  of 
carbon  when  united  are  satisfied  by  six,  and  not  by  eight  atoms 
of  hydrogen,— and  forms  the  hydrocarbon,  C™HT„  which  is  sex- 
valent, and  can  therefore  form  such  compounds  as  ( !20H22 .  3HC1. 
Further,  this  same  hexad  radical  might  form  non-saturated 
compounds  containing  only  four  or  two  monad  atoms;  in  reality, 


782 


AROMATIC  GROUP  :  HYDROCARBONS. 


however,  only  those  containing  two  monad  atoms  are  known, 
such  as  C20H32 .  HC1. 

If  in  the  several  hydrochlorides  each  atom  of  chlorine  he  re- 
placed by  hydroxyl,  HO,  we  obtain  the  formulae  of  the  several 
hydrates  of  turpentine  oil ;  the  hydrate  corresponding  to  the 
hydrochloride  C20H32 .  3HC1,  has  not,  however,  been  prepared. 

Constitution  and  Combining  Capacity  of  Turpentine  Oil. — The 
formation  of  cymene  from  turpentine,  by  first  converting  the  latter 
into  the  dibromide  C10H10Br2,  and  then  abstracting  H2Br2  (p.  769), 
shows  that  turpentine  oil  is  a  hydride  of  cymene.  Now  cjnnene 
(a)  is  methyl-propyl  [or  isopropyl]  benzene,  C6H4.  (CH3)(C3H7) : 
hence  the  relation  of  the  two  hydrocarbons  may  be  represented 
by  the  two  following  formulae : 


Cymene.  Turpentine  oil. 

The  presence  of  two  lateral  chains  in  the  molecule  in  the  posi- 
tion 1 : 4,  is  in  accordance  with  the  formation  of  terephthalic  acid 
by  oxidation  of  turpentine  oil.  The  other  products  of  its  oxida- 
tion are  likewise  in  accordance  with  this  view  of  the  constitution 
of  tiLqientine-oil.  Other  arrangements  of  the  radicals  CH3  and 
C3H7  in  the  molecule  are,  however,  conceivable,  and  may  perhaps 
give  rise  to  some  of  the  isomeric  modifications  of  turpentine  oil 
and  its  congeners.  Other  modifications  may  arise  from  the  hydra- 
tion of  other  metameric  forms  of  the  molecule  C10H14,  e.g.,  ethyl- 
dimethyl-benzene  and  tetramethyl-benzene. 

The  formula  of  turpentine  oil  above  given,  in  which  the  double 
union  of  one  pair  of  carbon-atoms  in  cymene  is  loosened,  repre- 
sents the  molecule  as  saturated.  A  similar  loosening  of  a  second 
pair  would  render  the  molecule  bivalent,  and  therefore  capable  of 
taking  up  1  mol.  of  HC1,  HBr,  Br2,  &c,  and  the  loosening  of  the 
third  pair  would  render  it  quadrivalent  and  callable  of  uniting 
with  2HC1,  2HBr,  &c. 

Volatile  oils  isomeric  with  Turpentine  Oil.— The  following 
volatile  or  essential  oils  obtained  from  plants,  exhibit,  like  oil  of 
turpentine,  the  composition  C10H1G . 

Terpenes  from  Aurantiaccous  plants. — These  terpenes  are  dis- 
tinguished by  their  fragrant  odour.  Lemon  oil,  obtained  from  the 
rind  of  the  fruit  of  Citrus  Limonum,  by  pressure,  or  by  distillation 
with  water,  consists  mainly  of  citrene,  C10H10,  a  hydrocarbon 
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closely  resembling  terebenthene,  having  a  specific  gravity  of  0-85 
at  15°,  boiling  at  167°  or  168°,  turning  the  plane  of  polarisation  to 
the  right.  With  water  it  forms  a  crystallised  hydrate  resembling 
terpin ;  with  hydrochloric  acid,  a  clihydrocbloride,  C10H10 .  2HC1 
existing  in  a  solid  and  a  liquid  modification,  and  a  monohydro- 
chloride,  C1(iH16 .  HC1,  apparently  susceptible  of  similar  modifica- 
tions. 

Similar  oils  are  obtained  from  the  rind  of  the  sweet  orange 
(Citrus  aurantium),  the  bergamot  (G.  bergamia),  the  bigarade  or 
bitter  orange  (0.  bigaradia),  the  lime  (C.  limetta),  the  sweet  lemon 
(C.  lumia),  and  the  citron  (C.  medica).  Oil  of  neroli,  obtained  by 
distilling  orange-flowers  with  water,  is  probably  also  a  terpene 
when  pure. 

Terpenes  from  other  sources.— The  volatile  oils  of  athamanta, 
beech,  borneo  (from  Dryabalanops  Camphora),  caoutchouc,  caraway, 
camomile,  coriander,  elemi,  gomart,  hop,  juniper,  imperatoria' 
laurel,  parsley,  pepper,  savin,  thyme,  valerian,  and  others,  also 
the  neutral  oils  of  wintergreen  (Gaultheria  procumbens),  and  cloves, 
are  isomeric  with  oil  of  turpentine.  The  oils  of  copaiba  and 
cubebs  are  probably  polymeric  with  it,  their  molecules  containing 

^20^32  • 

Caoutchouc,  or  India-rubber,  the  thickened  milky  juice  of 
several  species  _  of  Ficus,  Euphorbia,  and  other  trees  growing  in 
tropical  countries,  is  essentially  a  mixture  of  several  hydrocarbons 
isomeric  or  polymeric  with  turpentine  oil.  When  pure  it  is  nearly 
white,  the  dark  colour  of  commercial  caoutchouc  being  due  to  the 
effects  of  smoke  and  other  impurities.  It  is  softened  but  not  dis- 
solved by  boiling  water :  it  is  also  insoluble  in  alcohol.  In  pure 
ether,  rectified  petroleum,  and  coal  tar  oil,  it  dissolves,  and  is  left 
unchanged  on  the  evaporation  of  the  solvent.  Oil  of  turpentine 
also  dissolves  it,  forming  a  viscid,  adhesive  mass,  which  dries  very 
imperfectly.  At  a  temperature  a  little  above  the  boiling  point  of 
water,  caoutchouc  melts,  but  never  afterwards  returns  to  its  former 
elastic  state.  Few  chemical  agents  affect  this  substance :  hence  its 
great  use  in  chemical  investigations,  for  connecting  apparatus,  &c. 
By  destructive  distillation  it  yields  a  large  quantity  of  a  thin, 
volatile  oily  liquid,  of  naphtha-like  odour,  called  caoutchoucin, 
which  dissolves  caoutchouc  with  facility.  This  oil,  according  to 
Mr  Greville  Williams,  is  composed  of  two  polymeric  hydro- 

Uilmg  at  37°?      '  CloH-  1,0iliKg  at  171°'  and  is°Prene'  <^H* 
Caoutchouc  combines  with  variable  proportions  of  sulphur. 
Hi''  mixtures  thus  obtained  are  called  vulcanised  India-rubber: 
they  arc  more  permanently  elastic  than  pure  caoutchouc. 

Yulcamte,  or  Ebonite,  is  caoutchouc  mixed  with  half  its  weight 
<>t  sulphur,  and  hardened,  by  pressure  and  heating.  It  is  very 
bard,  fakes  a  high  polish,  and  is  used  for  making  combs,  knil'e- 
nandles,  buttons,  &c.    It  is  also  especially  distinguished  by  the 


784 


AROMATIC  GROUP  I  HYDROCARBONS. 


large  quantity  of  electricity  which  it  evolves  when  rubhed :  hence 
it  makes  an  excellent  material  for  the  plates  of  electrical  machines. 

Gutta-percha,  the  hardened  milky  juice  of  Isonandra  gutta, 
a  large  tree  growing  in  Malacca  and  many  of  the  islands  of  the 
Eastern  Archipelago,  is  similar  in  composition  to  caoutchouc,  and 
resembles  it  in  many  of  its  properties,  but  is  harder  and  less 
elastic.  It  is  quite  insoluble  in,  and  impervious  to,  water,  and 
being  also  an  excellent  electric  insulator,  is  extensively  used  as  a 
casing  for  submarine  telegraph  wires.  By  dry  distillation  it 
yields  isoprene,  caoutchin,  and  a  heavy  oil  called  heveene,  probably 
polymeric  with  these  bodies. 

Appendix  to  the  Terpenes. 

1.  Volatile  or  Essential  Oils. — The  volatile  oils  obtained 
from  plants  mostly  consist  either  of  hydrocarbons  isomeric  or 
polymeric  with  turpentine  oil,  or  of  mixtures  of  those  hydro- 
carbons with  compounds  of  carbon,  hydrogen,  .and  oxygen.  Thus 
valerian  oil  contains  valeric  acid,  C5H10O2 ;  pelargonium  oil  con- 
tains pelargonic  acid,  C9H1802 ;  rue  oil  contains  euodic  aldehyde, 
CuH220  ;  wintergreen  oil  contains  acid  methyl  salicylate,  C8H803, 
the  oxygenated  compound  being  associated  in  each  case  with  a 
terpene.  Some  consist  essentially  of  aldehydes :  thus  bitter 
almond  oil  consists  of  benzoic  aldehyde,  C?H60 ;  the  oils  of  cin- 
namon and  cassia  contain  cinnamic  aldehyde,  C7HsO ;  and  those 
of  anise,  star-anise,  fennel,  and  tarragon,  contain  anethol,  C10H12O. 
Those  volatile  oils  which  exist  ready  formed  in  living  plants  do 
not  appear  to  contain  any  elements  besides  carbon,  hydrogen,  and 
oxygen.  Sulphur  is  found  only  in  certain  oils  resulting  from  a 
land  of  fermentation  process,  as  in  the  volatile  oils  of  mustard  and 
garlic  ;  nitrogen,  when  it  occurs,  must  be  regarded  as  an  impurity 
resulting  from  admixed  vegetable  tissue.  Volatile  oils  are  mostly 
procured  by  distilling  the  plant,  or  part  of  the  plant,  with  water : 
their  points  of  ebullition  almost  always  lie  above  that  of  water  ; 
nevertheless,  at  100°  the  oils  emit  vapour  of  very  considerable 
tension,  which  is  carried  over  mechanicalry,  and  condensed  with 
the  steam.  The  milky  or  turbid  liquor  obtained  separates,  when 
left  at  rest,  into  oil  and  water.  Sometimes  the  oil  is  heavier  than 
the  water,  and  sinks  to  the  bottom :  sometimes  the  reverse  happens. 
From  parts  of  plants  which  are  very  rich  in  volatile  oil,  such  as 
lemon  and  orange-peel,  the  oil  may  be  extracted  by  pressure. 

A  few  volatile  oils  are  found  in  the  bodies  of  annuals, — oil  of 
ants,  for  example. 

Most  volatile  oils  are  colourless  when  pure  ;  they  often,  how- 
ever, have  a  yellow  colour  arising  from  impurity ;  and  a  few,  the 
oils  of  wormwood  and  camomile,  for  example,  have  a  green  or  blue 
colour,  due  to  the  presence  of  an  oily  compound  of  a  very  deep  blue 
colour,  called  cerulein.    They  have  usually  a  powerful' odour,  and 
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a  pungent,  burning  taste.  When  exposed  to  the  air,  they  fre 
quently  become  altered  by  slow  absorption  of  oxygen,  and  assume 
the  character  of  resins.  They  mix  in  all  proportions  with  fat  oils 
such  as  linseed,  nut,  colza,  and  whale  oils,  and  dissolve  freely  both 
m  ether  and  alcohol :  from  the  latter  solvent  they  are  precipitated 
by  the  addition  of  water.  Volatile  oils  communicate  a  greasy 
stain  to  paper,  which  disappears  by  warming  ;  by  this  character 
any  adulteration  with  fixed  oils  can  be  at  once  detected  Many 
volatile  oils,  when  exposed  to  cold,  separate  into  a  solid  crystalline 
compound  called  a  camphor  or  stearoptene,  and  a  liquid  oil  which 
lor  distinction,  is  sometimes  called  an  elceoptene. 

2.  Resins  and  Balsams.— Common  resin,  or  colophony  fur- 
nishes perhaps  the  best  example  of  the  class.    It  is  the  resinous 
substance  which  remains  when  turpentine  or  pine  resin  is  heated 
till  the  water  and  volatile  oil  are  expelled,  and  is  a  mixture  of 
two  distinct  bodies  having  acid  properties:  viz.,  abietic  acid, 
SMoA>  wmch  w  crytallizable,  and  pinic  acid,  C90fL0O„,  which 
"amorphous.    These  acids  may  be  separated  from  each  other  by 
their  difference  of  solubility  in  cold  and  somewhat  dilute  alcohol 
the  latter  being  by  far  the  more  soluble  of  the  two.    Pure  abietic 
acid  crystallises  in  small,  colourless,  rhombic  prisms,  insoluble  in 
water  soluble  in  hot  strong  alcohol,  in  volatile  oils,  and  in  ether 
it  melts  when  heated,  but  cannot  be  distilled  without  decomposi- 
tion.   An  alcoholic  solution  of  abietic  acid,  precipitated  by  sul- 
phuric acid,  yields  another  crystalline  acid  caUed  sylvic  acid  * 
isomeric  with  pinic  acid.    A  fourth  resin-acid,  called  pimari'c 
acid,  also  isomeric  with  pinic  acid,  has  been  found  in  the  turpen- 
tine ol  the  Pmus  maritima  of  Bordeaux. 

Lac  is  a  very  valuable  resin,  much  harder  than  colophony,  and 
easily  soluble  in  alcohol:  three  varieties  are  known  in  commerce 
—viz.,  shck-lac,  seed  lac,  and  shellac.  It  is  used  in  varnishes,  and 
m  the  manufacture  of  hat  s  and  very  largely  in  the  preparation  of 
seahng-wax,  of  which  it  forms  the  chief  ingredient.  Crude  lac 
contains  a  red  dye  called  lac-dye,  which  is  partly  soluble  in  water. 
Inrlir tr  n cTlderable  quantity  in  a  hot  solution  of  borax  ; 

labetirt^ei  UV,  Wlth  th  3  H1uid'  f0rms  a  most  exc<^n 
labeUnk  for  the  laboratory,  as  it  is  unaffected  by  acid  vapours,  and, 

when  once  dry,  becomes  nearly  insoluble  in  water 

Mastic,  dammar-resin,  and  sandarac  are  resins  lamely  used  by 

Cclai r,u ■",  nrWS  Uood  iH  a  resin  of  a  d4  red-colou? 
Kfr^W.rabto!'lt,liffi»  from  the  °ther 

1  gi bl,t  8l0W]-y  dissol™d  by  alcohol  and  essential  oils, 
r  n  „    7      '  -T6^'  ?  the  nieUed  sUlte  with  oils,  and  is  thus 

7  lSK  4*aPpears  to  be  a  fossil  resin:  it  is  found 
accompanying  brown-coal  or  lignite.  Caoutchouc  and  gutta  percha 
have  been  already  described  as  terpenes  (p.  783). 

•  According  to  some  chemists,  abietic  acid  is  identical  with  sylvic  acid 

3  D 


!  !0n  .10"2 
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Most  of  the  resins,  when  exposed  to  destructive  distillation, 
yield  oily  pyro-products,  usually  consisting  of  hydrocarbons. 

Balsams  are  natural  mixtures  of  resins  with  volatile  oils.  They 
differ  very  greatly  in  consistence,  some  being  quite  fluid,  others 
solid  and  brittle.  By  keeping,  the  softer  kinds  often  become  hard. 
Balsams  may  be  conveniently  divided  into  two  classes— viz.,  those 
which,  like  common  and  Venice  turpentine,  Canada  balsam,  Copaiba 
balsam,  &c,  are  merely  natural  varnishes,  or  solutions  of  resins  in 
volatile  oils,  and  those  which  contain  benzoic  or  cinnainic  acid  in 
addition,  as  Peru  and  Tolu  balsams,  and  the  solid  resinous  benzoin, 
commonly  called  gum-benzoin. 

Tolu-balsam,  by  distillation  with  water,  yields  three  products— 
namely,  benzoic  acid,  cinnamein,  or  styracin,  C1(iHw02  (p.  819), 
and  tolcne,  a  volatile,  colourless  hydrocarbon,  boiling  at  170°  C, 
and  containing  C12H18,  or,  according  to  some  authorities,  C10Hj0. 
The  balsam  freed  in  this  manner  from  essential  oils,  and  exposed 
to  destructive  distillation,  yields  in  succession  a  viscous  liquid, 
which  crystallises  in  the  receiver,  and  a  thin  liquid  heavier  than 
water ;  carbon  dioxide  and  carbon  monoxide  are  largely,  evolved, 
and  the  retort  is  afterwards  found  to  contain  a  residue  of  charcoal. 
The  solid  product  is  chiefly  a  mixture  of  benzoic  and  cinnainic 
acids:  the  volatile  oil  contains  at  least  two  substances,  which  differ 
in  their  boiling  points,  and  are  easily  separated — namely,  toluene 
(p.  762),  and  an  oily  liquid  heavier  than  water,  of  high  boiling 
point,  and  having  the  composition  and  characters  of  benzoic  ether. 

Liquid  storax  distilled  with  water  holding  in  solution  a  little 
sodium  carbonate,  yields  a  small  and  variable  quantity  of  volatile 
oil,  not  homogeneous,  but  from  which,  by  careful  distillation,  pure 
cinnamene  or  styrolene,  C8HS  (p.  771),  may  be  extracted. 

Storax,  from  which  the  styrol  has  been  separated  by  distillation, 
yields,  when  treated  with  sodium  carbonate,  a  considerable  quantity 
of  sodium  cinnamate.  The  residue  consists  of  resinous  bodies, 
associated  with  styracin  or  cinnyl  cinnamate  (p.  819). 

3.  Bitumens,  and  allied  substances.— Pit-coal,  lignite,  or 
brown  coal,  jet,  bitumen  of  various  kinds,  petroleum,  or  rock  oil,  and 
napththa,  and  a  few  other  allied  substances  more  rarely  met  with, 
are  products  of  the  decomposition  of  organic  matter,  especially 
vegetable  matter,  beneath  the  surface  of  the  earth,  in  situations 
where  the  conditions  of  contact  with  water,  and  nearly  total  exclu- 
sion of  atmospheric  air,  are  fulfilled.  Deposited  at  the  bottom  of 
seas,  lakes,  or  rivers,  and  subsequently  covered  up  by  accumula- 
tions of  clay  and  sand  hereafter  destined  to  become  shale  and 
gritstone,  the  organic  tissue  undergoes  a  kind  of  fermentation,  by 
which  the  bodies  in  question,  or  certain  of  them,  are  slowly 
produced.  Carbon  dioxide  and  marsh-gas  are  bye-products  of  the 
reaction :  hence  their  frequent  disengagement,  the  first  from  beds 
of  lignite,  the  second  from  the  further  advanced  and  more  perfect 
coal. 


BITUMENS,  ETC.  fgy 

The  vegetable  origin  of  coal  has  been  placed  beyond  doubt  v, 
microscopic  research;  vegetable  structure  can  be  th SS 
even  in  the  most  massive  and  perfect  vbti'pHpr  nf  ™  lletecled 

Jet,  used  tor  making  black  ornaments,  is  a  variety  of  licmire 

called  by  M^S^SiS^JgSS^^^  5 
found anthracene  in  a  native  mineral  pitch        20  32  3>  LaUTent 
in^^^^^^^y-B^  of  asphaltene 
colour,  and  peciS  nC  I  •  T-  1.  hqi!ld  has  a  P^-yellow 

08  the  oils  of  turpentine  SSffi^^JSft  Tff^^ff 
tene  contains,  consequently  Hip  ilif^  namely,  C  H10.  Asphal- 
With  a  quantity  of  oxvl™ 1 1  T*enta  .of  petrolene,  together 
of  that  iuhstance      yg    '     d  Pr°bably  anse8  from  the  oxiSatioj 

in  DerbyS :  p  a Mo, T  ',lactVn  a  lead™  at  Castleton, 
MassacSsetts  '  In  the  S  V"  i  Te;  and  in  the  state  °< 
pies.  [t  is  nsible  and  fn  ™  6r  ,Willlt,e8  ifc  occim  u'"  coal 
tetumeng       msiDie,  and  m  many  respects  resembles  the  other 

para£Xve0b^fnr7  ?nd  nnphtlla>  which  insist  mainly  of 
I     trtins,  nave  been  already  mentioned  (pp.  (347,  54!)). 
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AROMATIC  ALCOHOLS. 

1.  Monatomic  Alcohols,  CnH2n— 60  or  CnH2n— 7(0H) . 

These  alcohols  are  derived  from  the  aromatic  hydrocarbons 
CnHon_6,  by  substitution  of  hydroxyl  for  1  atom  of  hydrogen. 
The  lowest  member  of  the  series  is  thus  derived  from  benzene, 
and  therefore  contains  6  atoms  of  carbon.  Now  the  constitutional 
formida  of  benzene  (p.  756)  shows  that  every  one  of  its  carbon- 
atoms  is  directly  combined  with  two  others.  Hence  when  one  ot 
the  hydrogen-atoms  in  benzene  is  replaced  by  hydroxyl,  the 
resulting  alcohol  must  have  a  constitution  resembling  that  of  a 
secondary  alcohol.  The  relation  of  this  alcohol  C6H60  or 
C6H5  (OH),  called  phenol,  to  benzene,  is  shown  by  the  following 
formula : — 

H 

— c{ 


H-C  C-H 


-OK 


11 


c==c  y  \ 

I         Vt  h  h 


Benzene.  Phenol. 


It  appears,  then,  that  there  can  be  no  six-carbon  alcohol  of  the 
aromatic  group  analogous  in  constitution  to  the  primary  alcohols 
of  the  fatty  group.  But  with  the  higher  alcohols  of  the  series  the 
case  is  different.  For  in  any  homologue  of  benzene  formed,  as 
already  observed,  by  replacing  one  or  more  of  the  hydrogen  atoms 
in  that  body  with  an  alcohol-radical  of  the  series  CnHan+i,  viz., 
methyl  and  its  homologues,  the  substitution  of  hydroxyl  ior 
hydrogen  may  take  place  either  in  the  benzene-molecule  or  primary 
chain,  or  in  the  secondary  chains  attached  to  it.  In  the  latter 
case  the  carbon-atom  united  with  hydroxyl  may  be  directly  com- 
bined only  with  one  other  atom  of  carbon,  so  that»an  alcohol  may 
result,  analogous  in  constitution  to  the  primary  alcohols  of  the 
fatty  group ;  but  in  the  former  case,  the  carbon  united  with  the 
hydroxyl  must  still  remain  combined  with  two  other  atoms  oi 
carbon,  so  that  an  alcohol  will  result,  analogous  in  constitution  to 
phenol.  Such  alcohols  are  called  by  the  generic  name  of  phenols ; 
while  those  whose  constitution  more  nearly  resembles  that  of  the 
fatty  alcohols  are  called  normal  aromatic  alcohols.  1M 
difterence  of  structure  between  the  aromatic  alcohols  and  tne 
phenols  may  be  illustrated  by  the  following  formulae :— 


PHENOLS. 


789 


E-C 


/ 
\ 


\ 
( 

/ 


c-cn. 


H-U 


U 

/ 

•c 

\ 


ii 


\ 


C-C— OH  H-C 
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Methyl-benzene 
or  Toluene. 


Benzyl  Alcohol. 


Toluic  Phenol 
or  Cresol. 


In  the  higher  terms  of  the  series  a  greater  number  of  isomeric 
alcohols  may  exist,  inasmuch  as  each  of  the  metameric  hydro- 
carbons containing  a  given  number  of  carbon-atoms  (p.  756)  may 
furnish  an  alcohol  and  a  phenol.    Thus  the  formula  CfiH,' 

n^f^x  s thyl "  btn Zen6'  C«H5(C2H6),  and  dimethyl  -  benzene 
UH4(LH3)2,  to  each  of  which  there  corresponds  an  alcohol  and  a 
phenol : 

Alcohol. 


Ethyl-benzene. 

C0H5.CH2CH3 

Dimethyl-benzene. 

0. 


°H*  { CH3 


C6H5.CH2CH2OH 

Alcohol, 
p  it  j  CH3 

°8±1* }  CH2OH 


Phenol. 

!6H4(OH).CH3. 

Phenol. 

CH„ 


<0H)  j 


CH, 


The  constitution  of  the  normal  aromatic  alcohols  is  similar  to 
that  of  the  primary  alcohols  of  the  methyl  series,  in  this  respect, 
that  the  carbon-atom  combined  with  hydroxyl  is  also  directly 
associated  with  two  atoms  of  hydrogen ;  and  accordingly  these 
alcohols,  when  subjected  to  the  action  of  oxidising  agents,  easily 
give  up  these  two  atoms  of  hydrogen  in  exchange  for  an  atom  of 
oxygen,  and  are  thereby  converted  into  acids,  the  group,  CH9OH 
being  converted  into  COOH,  just  as  in  the  conversion  of  common 
alcohol,  CH3.CH2OH,  into  acetic  acid,  CH3.COOH.  But  in  the 
phenols,  the  carbon-atom  united  with  hydroxyl,  has  its  three 
other  units  of  equivalence  satisfied  by  combination  with  two 
other  carbon-atoms,  and  there  is  no  hydrogen  in  its  immediate 
neighbourhood  to  be  exchanged  for  oxygen:  hence,  these  alcohols 
are  not  converted  by  oxidation  into  acids  containing  the  same  num- 
ber ot  carbon -atoms. 

lovvin"aCtUally  kn°Wn  aroinatic  alcohols  and  phenols  are  the  fol- 


Alcohols. 


Benzyl  alcohol, 
Xylyl  alcohol, 
Cymyl  alcohol, 


CHgOH 


C7H7.CH2OH 


C9Hn. 


CH2OH 


Sycoceryl  alcohol,  C17H27.CH2OH. 


Phenol,  . 

Cresol,  . 

Phlorol, 
Dimethyl 
phenol, 

Thymol, 


Phenols. 

•  C0H6OH 


CBH4(CH„)OH 
C0H4(C0HS)OT1 

C0H3(CH3)2Ol  I 
C0H3(C2H6)2OH? 
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Cresol  and  the  higher  homologues  of  phenol  admit  of  isomeric 
modifications  depending  on  the  relative  position  of  the  hydroxy] 
and  the  methyl-,  ethyl-atoms,  &c. 


NORMAL   AROMATIC  ALCOHOLS. 

Benzyl  Alcohol,  C7H80  =  C7H7(OH)  =  C6H6.CH2OH;  also 
called  Benzoic  alcohol. — This  alcohol  is  produced :  1.  Together  with 
benzoic  acid,  C7Hfi02,  by  the  action  of  alcoholic  potash  on  benzoic 
aldehyde  (bitter-almond  oil) : 

2C7H60    +    KOH    =    C7H80    +  KC7H502. 

2.  From  toluene,  C7H8,  by  converting  that  compound  into  benzyl 
chloride,  C7H7C1,  by  the  action  of  chlorine  at  high  temperatures 
(p.  764),  and  distilling  this  chloride  with  potash  : 

C7H7C1    +    KOH    =    KC1    +  C7H7OH. 

3.  Together  with  other  products,  by  the  action  of  nascent  hydro- 
gen on  benzoic  or  hippuric  acid. 

Benzyl  alcohol  is  a  colourless,  strongly  refracting,  oily  liquid, 
having  a  specific  gravity  of  1-051  at  14°,  and  hoiling  at  206-5°.  It 
is  insoluble  in  water,  but  soluble  in  all  proportions  in  common 
alcohol,  ether,  acetic  acid,  and  carbon  bisulphide.  By  oxygen  in 
presence  of  platinum  black,  or  by  nitric  acid,  it  is  converted  into 
benzoic  aldehyde;  by  aqueous  chromic  acid,  into  benzoic 
acid : 

CBH5.CH2OH    +    0    =    H90    +  C6H5.CHO. 
and    C0H6.CH2OH    +    02  =    H2"0    +  CGH5.CO(OH). 

Heated  with  boric  oxide,  it  is  converted  into  benzyl  oxide, 
C7H7OC7H7,  or  (C7H7)20 : 

2C7H7(OH)     -     H20     =  (C7H7)20. 

Strong  hydrochloric  acid  converts  it  into  benzyl  chloride, 
C7H7C1  (p.  764).  Distilled  with  acetic  acid  and  strong  sulphuric 
acid,  it  is  converted  into  benzyl  acetate,  C7H7(OC2H30),  a  liquid 
having  an  odour  of  pears,  and  boiling  at  210°.  . 

Xylyl  Alcohol,  C8H10O  =  C8H9(OH)  =  C7H7.CH,OH,  or 
C6H4(CH3).CH2OH;  also  called  Tohiylic  alcohol— The  format ion 
of  this  compound  is  exactly  analogous  to  that  of  the  preceding,  viz. : 
1.  Together  with  toluic  acid  (C,H802),  by  the  action  of  alcoholic 
potash  on  toluic  aldehyde  (C8H80).— 2.  By  distilling  xylyl  chlo- 
ride (p.  766)  with  potash.  It  is  a  white  crystalline'  body,  which 
melts  between  58-5°  and  59-5°,  and  boils  at  217°.  Nitric  acid  con- 
verts it  into  toluic  aldehyde. 

Xylyl  chloride,  C9H„C1,  is  obtained,  as  already  observed,  by  the 
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action  of  chlorine  on  xylene-vapour  at  high  temperatures;  and 
bhia  chloride,  treated  with  potassium  sulphydrate  and  potassium 
sulphide,  yields  xylyl  sulphydrate,  C8H9(SH),  and  xylyl 
sulphide,  (C8H(,)2S. 

Cymyl  Alcohol,  C10H14O  =  C10H13(OH)  =  C9Hn.CH2OH, 
also  called  Cumyhc  Alcohol.—  This  alcohol,  discovered  by  Kraut,  is 
produced,  together  with  cumic  acid,  C10H12O2,  by  the  action  of 
alcoholic  potash  on  curninio  aldehyde : 

2C10H12O    +    KOH    =    C10HnKO2    +  C10H14O. 

It  is  a  colom'less  liquid,  boiling  at  243°,  insoluble  in  water, 
soluble  in  all  proportions  in  common  alcohol  and  ether.  Nitric 
acid  converts  it  into  cumic  acid.  Boiled  with  alcoholic  potash 
it  is  converted  into  potassium  cumate  and  cymene: 

3C10H14O  +  KOH  =  C10HnKO2  +  2C1QH14  +  2H20. 

Hydrochloric  acid  gas  converts  it    into   cymyl  chloride, 

S  y  c  o  c  e  r  y  1  Al  c  o  h  o  1,  C18H30O  =  C18H29(OH)  =  CLH^  CH.OH. 
—  ihis  compound,  discovered  by  De  La  Rue  and  Midler,  is  pro- 
duced by  the  action  of  alcoholic  soda  on  sycoceryl  acetate  (a  crys- 
talline substance  extracted  from  the  resin  of  Bicus  rubiginosa),  and 
purified  by  precipitation  with  water  or  by  crystallisation  from 
common  alcohol.  It  forms  very  thin  crystals  resembling  caffeine, 
and  melting  at  90°  to  a  liquid  heavier  than  water.  It  is  slowly 
attacked  by  dilute  nitric  acid,  yielding  a  crystalline  mass  appa- 
rently consisting  of  a  mixture  of  sycoceric  acid,  C]8H9809,  and 
nitrosy eoceric  acid,  C]8H9r(N02)02.  Boiled  with  dilute  aqueous 
chromic  acid,  it  yields  thin  prisms,  probably  of  sycoceric  alde- 
hyde? C18H.J80.  With  acetyl  chloride,  it  forms  crystalline  syco- 
ceryl  acetate: 

C18H29OH    +    C2H30C1    =    HC1    +    CI8H29OC2H30 . 

With  benzoicacid  it  yields,  in  like  maimer,  sycoceryl  benzoate, 
C18H29UL.H.O,  which  crystallises  in  prisms  from  solution  in  ben- 
zene or  chloroform. 

The  resin  of  Ficus  rubiginosa,  an  Australian  plant,  is  resolved 
by  treatment  with  alcohol,  into  about  73  per  cent,  of  sycoretin, 
soluble  m  cold  alcohol,  u  per  cent,  of  sycoceryl  acetate,'  soluble  in 
uot  alcohol,  and  i:;  percent,  of  residue',  consisting  of  caoutchouc, 
sand,  and  fragments  of  bark.  Sycoretin  is  an  amorphous  white 
neutral  resin,  very  brittle,  and  highly  electric ;  it  melts  in  boiling 
water  to  a  thick  liquid  which  floats  on  the  surface.  It  dissolves 
easily  in  alcohol,  ether,  chloroform,  and  oil  of  turpentine. 
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PHENOLS. 

Phenol,  C6nG0  =  CGH6OH.—  Phenyl  alcohol,  Phenic  acid,  Car- 
bolic acid,  Goal-tar  creasote. — This  compound  is  produced :  1.  By 
the  action  of  nitrous  acid  on  aniline  (amido benzene) : 

C6H6(NH2)   +   NO(OH)    =   CGH5(OH)   +  H20   +  N2. 

2.  By  the  dry  distillation  of  salicylic  acid : 

C7H0O3       =       C02       +  C6H60. 

It  may  be  conveniently  prepared  by  heating  crystallised  salicylic 
acid  strongly  and  quickly  in  a  glass  retort,  either  alone  or  mixed 
with  pounded  glass  or  quicklime.  Phenol  then  passes  over  into 
the  receiver,  and  crystallises  almost  to  the  last  drop. 

3.  Phenol  is  produced  in  the  dry  distillation  of  coal,  and  forms 
the  chief  constituent  of  the  acid  portion  of  coal-tar  oil ;  this  is 
the  source  from  which  it  is  most  frequently  obtained.  Crude 
coal-tar  oil  is  agitated  with  a  mixture  of  slaked  lime  and  water, 
the  whole  being  left  for  a  considerable  time ;  the  aqueous  liquid 
is  then  separated  from  the  undissolved  oil,  decomposed  by  hydro- 
chloric acid,  and  the  oily  product  thus  obtained  is  purified  by 
cautious  distillation,  the  first  third  only  being  collected.  Or  the 
coal-tar  oil  is  subjected  to  distillation  in  a  retort  furnished  with  a 
thermometer,  and  the  portion  which  passes  over  between  the  tem- 
perature of  150°  and  200°  is  collected  apart.  This  product  is  then 
mixed  with  a  hot,  strong  solution  of  caustic  potash,  and  left  to 
stand,  whereby  a  whitish,  somewhat  crystalline,  pasty  mass  is 
obtained,  which  by  the  action  of  water  is  resolved  into  a  light  oily 
liquid  and  a  dense  alkaline  solution.  The  latter  is  withdrawn  by 
a  siphon,  decomposed  by  hydrochloric  acid,  and  the  separated  oil 
purified  by  contact  with  calcium  chloride,  and  redistillation. 
Lastly,  it  is  exposed  to  a  low  temperature,  and  the  crystals  formed 
are  drained  from  the  mother  liquid,  and  carefully  preserved  from 
the  air. 

Pure  phenol  forms  long,  colourless,  prismatic  needles,  which  melt 
at  35°  to  an  oily  liquid,  boiling  at  180°,  and  greatly  resembling 
creasote*  in  many  particulars,  having  a  very  penetrating  odour 
and  burning  taste,  and  attacking  the  skin  of  the  lips.  Its  sp.  gr. 
is  1*065.  It  is  slightly  soluble  in  water,  freely  in  alcohol  and 
ether,  and  has  no  acid  reaction  to  test-paper.  The  crystals  absorb 
moisture  with  avidity,  and  liquefy. t  It  coagulates  albumin,  and 
is  a  powerful  antiseptic,  preserving  meat  and  other  animal  sub- 
stances from  decomposition,  and  even  removing  the  fetid  odour 
from  them  after  they  have  begun  to  putrefy.    It  has  also  been 

*  A  considerable  portion  of  the  creasote  of  commerce  consists  of  phenyl 
or  carbolic  acid,  more  or  less  pure. 

f  Phenol  prepared  from  salicylic  acid  is  much  less  deliquescent  than  that 
obtained  from  coal-tar. 
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successfully  used  by  Mr  Crookes  for  destroying  the  infection  ol 
cattle  plague.  Sulphur  and  iodine  dissolve  in  it;  nitric  acid 
chlorine,  and  bromine  attack  it  with  energy,  forming  substitution- 
products,  all  of  which  are  of  acid  character:  thus  with  chlorine  it 
forms  the  two  compounds,  C0H4Cl,O  and  C8H3C130;  and  with 
nitric  acid  the  three  products,  C0fl6(NO2)O,  CeH4(NO,)20,  and 
L6H3(iNU2)30. 

With  sulphuric  acid,  phenol  forms  sulphophenic  acid, 
CeHeS04,  or  C6H5OS03H,  which  assumes  a  syrupy  state  in  a  dry 
vacuum.  This  acid  is  to  a  certain  extent  analogous  in  composi- 
tion to  ethylsulphuric  acid,  and  forms  a  soluble  barium  salt,  which 
crystallises  from  alcohol  in  minute  needles. 

Phenol  dissolves  in  alkalis,  forming  salts  called  phenates 
which,  however,  are  difficult  to  obtain  in  definite  form.  Potassium 
phenate,  C6HsKO,  obtained  by  heating  phenol  with  potassium,  or 
with  solid  potassium  hydrate,  crystallises  in  fine  white  needles. 
On  heating  this  potassium-compound  with  iodide  of  methyl,  ethyl 
or  amyl  double  ethers  are  produced— viz.,  methyl-phenate,  or 
anisol,  C6H5OCH3 ;  ethyl-phenate,  or  phenetol,  CnH,OC,H.,  and 
amyl-phenate,  or  phenamylol,  CflH6OC6Hu.  These  bodies  re- 
semble the  mixed  ethers  of  the  ordinary  alcohols  (p.  581)  in  com- 
position and  mode  of  formation,  but  differ  greatly  from  them  in 
their  behaviour  with  sulphuric  and  nitric  acids,  with  which  in  fact 
they  behave  just  like  phenol  itself,  forming  substitution-products 
possessing  acid  properties. 

Methyl  phenate,  or  Anisol,  C-H60  =  CflH5OCH3,  is  also  pro- 
duced, with  evolution  of  carbon  dioxide,  by  the  dry  distillation  of 
methyl  salicylate,  C7H603.CH3,  just  as  phenol  is' obtained  from 
sahcync  acid  or  hydrogen  salicylate,  C7H-O.H  : 

C7H503.CH3    =    C02    +  °C0H5O.CH3. 

In  the  same  manner  also  may  ethyl  phenate  and  amyl  phenate  be 
obtained  from  the  corresponding  ethers  of  salicylic  acid 

Anisol  u  a  colourless,  very  mobile  liquid,  having  a  pleasant 
aromatic  odour,  a  specific  gravity  of  0-991  at  15°,  and  boiling  with- 
out decomposition  at  152°.  It  dissolves  completely  in  strong  sul- 
phuric acid,  forming  sulphanisolic  acid,  C7HsS04.  Fuming 
nitric  acid  acts  strongly  on  anisol,  forming  three  substitution-pro- 
ducts, each  of  which  when  treated  with  a  reducing  agent,  such  as 
pXd^Xs  '  yielC'S  a  corresPonding  basic  amldo-com- 

C7H7(N02)0  C7H7(NH2)0 
NltranlsoL  Nitranisidine. 

ctH0(NOs)2O  CrHfl(NH2)20 

Dinitranlsol.  Dinttranisldlne. 

W/NO^O  C7Hr>(NH2)30 
Trinitranisol.  TrlnitriiniBidlne. 
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No  such  substitution-products  are  obtained  from  the  mixed  or 
compound  ethers  of  any  primary  alcohol. 

Phenol,  distilled  with  phosphorus  pcntachloride,  yields  a  distil- 
late containing  a  small  quantity  of  phenyl  chloride  or  chloro- 
benzene,  C8HSC1  (p.  759),  and  a  residue  containing  a  triphenyl 
phosphate,  (C0H5)3PO4,  or  diphenyl  phosphate,  (CfiH6)2HP04 ;  but 
the  conditions  under  which  one  or  the  other  of  these  compounds 
is  formed  have  not  been  exactly  determined. 

With  benzoic  chloride,  phenol  yields  a  white,  fusible  crystalline 
compound  consisting  of  phenyl  benzoate,  or  benzoyl  phenol : 

CcH6(OH)    +    C7H50C1    =    HC1    +  CBH5OC7H60. 

Phenol,  heated  for  a  long  time  with  ammonia  and  sal-ammoniac 
in  sealed  tubes,  is  partly  converted  into  aniline,  C6H7N. 

Chlorophenols. — Monochlorophenol  has  not  been  obtained. 

Dichlorophenol,  or  Clilorophenesic  acid,  C0H1Cl2O,  is  produced  by 
the  comparatively  feeble  action  of  chlorine  on  phenol,  but  is  best 
obtained  by  the  dry  distillation  of  dichlorosalicylic  acid.  It  is  a 
volatile  oil,  insoluble  in  water,  easily  soluble  in  alcohol  or 
ether. 

Trichlorophenol,  or  Ghlorophenisic  acid,  C^Rfilfi,  is  the  prin- 
cipal product  of  the  action  of  chlorine  or  phenol.  It  may  be  con- 
veniently prepared  from  those  portions  of  crude  coal-oil  which 
boil  between  182°  and  204°.  The  oil  is  saturated  with  chlorine, 
and  distilled  in  the  open  air,  the  first  and  last  portions  being 
rejected  ;  and  the  product  is  again  treated  with  chlorine  until  the 
whole  solidifies.  The  crystals  are  drained  and  dissolved  in  hot 
dilute  solution  of  ammonia  ;  on  cooling,  the  sparingly  soluble 
ammonium  chlorophenisate  crystallises  out.  This  is  dissolved  in 
pure  water,  decomposed  by  hydrochloric  acid,  washed,  and  lastly 
distilled. 

Ghlorophenisic  acid  forms  exceedingly  fine,  colourless,  silky 
needles,  which  melt  when  gently  heated  :  it  has  a  very  penetrat- 
ing, persistent,  and  characteristic  odour,  is  very  sparingly  soluble 
in  water,  but  dissolves  freely  in  alcohol,  ether,  and  hot  concen- 
trated sulphuric  acid.  It  sublimes  slowly  at  common  tempera* 
tures,  and  distils  with  ebullition  when  strongly  heated.  It  forms 
well-defined  salts,  the  general  formula  of  which  is  C6H2MC130. 
When  treated  in  alcoholic  solution  with  excess  of  chlorine,  it  is 
converted  into  pentachlorophenol,  or  chlorophemisic  acid,  C0HCLO, 
which  is  also  crystalline. 

Bromophenols. — Three  bromophenols  have  been  obtained — 
viz.,  GoHjBrO  and  C„H4Br20,  by  distillation  of  monobromosali- 
cylic  and  dibromosalicylic  acids ;  and  C„H3Br30  by  the  action  of 
bromine  in  excess  on  phenol.  The  first  is  liquid  ;  the  other  two 
are  crystalline. 
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Iodophenols,  C0H6IO,  C0H6IO,  and  CeH3I30,  are  produced  by 
the  action  oi  iodine-chloride  on  phenol. 

Monoiodophcnol,  CflH5IO,  or  C0H4(OH)I,  is  known  in  three 
modifications,  depending  on  the  relative  positions  of  the  I  and 
OH,  namely,  ortho  (1  ;  2),  meta  (1  :  3),  and  para  (1  :  4) ;  and 
each  of  these  is  converted  by  fusion  with  potash  into  the 
corresponding  modification  of  the  diatomic  phenol,  C8H0O,  or 
CtiH4(OH)(OH)  — namely  hydroquinone  (1  :  2),  pyrocatechin 
(1  :  3),  and  resorcin  (1  :  4). 

The  chloro-,  bromo-,  and  nitro-phenols  exhibit  similar  modifica- 
tions, which  in  the  higher  substitution-products  may  be  very 
numerous  :  great  progress  has  lately  been  made  in  the  study  of 
these  isomeric  bodies,  but  the  description  of  them  is  altogether 
beyond  the  limits  of  this  work.* 

Nitrophenols.— Three  of  these  compounds  are  known,  all  of 
acid  character. 

Mmmitrophmol,OTMtrophenasicacid,  CcH6(NO,)0,  is  obtained 
by  distilling  phenol  with  very  dilute  nitric  acid,  in  beautiful 
yellow  needles,  soluble  m  ammonia  and  potash,  and  yielding  a 
beautiful  red  silver  salt,  C6H4Ag(NOQ)0. 

IHnitrophenol  or  Nitrophenesic  acid,  C6H4(N02),0,  may  be  pre- 
pared directly  from  the  oil  which  is  employed  in  "the  preparation 
of  monomtrophenol.    The  oil  is  carefully  mixed  in  a  large  open 
vessel  with  rather  more  than  its  own  weight  of  ordinary  nitric 
acid     The  action  is  very  violent.    The  brownish-red  substance 
produced  is  slightly  washed  with  water,  then  boiled  with  dilute 
ammonia,  and  filtered  hot.    A  brown  mass  remains  on  the  filter 
which  is  preserved  to  prepare  trinitrophenol,  and  the  solution 
deposits  on  cooling  a  very  impure  ammoniacal  salt  of  nitrophenesic 
acid,  which  requires  several  successive  crystallisations,  after  which 
from  aST       ^  nit"C  add'        ^  product  is  CI78talIised 
_  Nitrophenesic  acid  forms  yellow  prismatic  crystals,  very  spar- 
ing y  soluble  even  in  boiling  water,  but  freely  soluble  in  alcohol, 
ft  has  no  odour.    Its  taste,  at  first  feeble,  becomes  after  a  short 
time  very  bitter.    It  melts  at  104°,  and  crystallises  on  cooling, 
in  very  small  quantity  it  may  be  distilled  without  decomposition, 
bi  t  when  briskly  heated  it.  often  detonates,  but  not  violent] v. 

full  !™T  .i  ,ac/d  are  yellovv  or  oraQge>  and  very  beautiful ; 
they  are  mostly  soluble  m  water,  and  detonate  feebly  when  heated. 

Trinitrophenol  or  Nitrophenisic  acid— generally  called  Pic- 
ric acid,  and  sometimes  Carbazotic  acid,  C0H3NA  =  CrH,(NO„),O. 

Qi8  acid  may  be  economically  prepared  from  impure  nitro- 
phenesic acid,  or  from  the  brown  mass  insoluble  in  dilute  ammonia 

•  See  Watts'*  Dictionary  of  Chemistry,  Supplement,  article  Phenol; 
Aimstrons,  I,,,,,.  Soo.  .|olmial  [2]  ix.  ft12 ;  x.  17,  i)3> :  and  numerous 
abstracts  of  foreign  papers  in  the  .same  two  volumes  of  that  journal. 
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already  referred  to.  It  is  purified  by  a  process  similar  to  that  em- 
ployed in  the  case  of  the  preceding  compound.  It  is  also  one  of 
the  ultimate  products  of  the  action  of  nitric  acid  upon  indigo  and 
numerous  other  substances,  as  silk,  wool,  several  resins,  especially 
that  of  Xanthorrma  hastilis  (yellow  gum  of  Botany  Bay),  salicin 
and  some  of  its  derivatives,  coumarin,  &c.  It  may  be  prepared 
from  indigo  by  adding  (hat  substance  in  coarse  powder,  and  by 
small  proportions,  to  10  or  12  times  its  weight  of  boiling  nitric 
acid  of  sp.  gr.  1*43.  When  the  last  of  the  indigo  has  been  added, 
and  the  action,  at  first  extremely  violent,  has  become  moderate,  an 
additional  quantity  of  nitric  acid  may  be  poured  upon  the  mixture, 
and  the  boiling  kept  up  until  the  evolution  of  red  fumes  nearly 
ceases.  When  cold,  the  impure  picric  acid  obtained  may  be  re- 
moved, converted  into  potassium -salt,  several  times  recrystalbsed, 
and,  lastly,  decomposed  by  nitric  acid.  In  the  pure  state  it  forms 
beautiful  pale-yellow  scaly  crystals,  but  slightly  soluble  in  cold 
water  and  of  insupportably  bitter  taste.  Picric  acid  is  now  exten- 
sively used  in  dyeing  yellow.  It  forms  a  series  of  crystallisable  salts 
of  a  yellow  or  orange  colour.  The  potassium  salt,  CcH2K(N02)30, 
forms  brilliant  needles,  and  is  so  little  soluble  in  cold  water  that 
a  solution  of  picric  acid  is  occasionally  used  as  a  precipitant  for 
potassium.  The  alkaline  salts  of  this  acid  explode  by  heat  with 
extraordinary  violence. 

Picrates  of  Hydrocarbons. — Picric  acid  affords  characteristic 
reactions  for  the  detection  of  certain  hydrocarbons.  For  this  pur- 
pose it  is  convenient  to  use  an  alcoholic  solution  of  the  acid  satu- 
rated at  20°-30°,  and  either — (1)  add  the  hydrocarbon  to  the  cold- 
saturated  alcoholic  solution;  or  (2)  mix  the  picric  acid  solution 
with  a  hot  alcoholic  solution  of  the  hydrocarbon ;  or  (3)  dissolve 
the  hydrocarbon,  with  aid  of  heat,  in  the  picric  acid  solution.  The 
following  combine  under  these  circumstances  with  picric  acid: 
Naphthalene  is  the  only  solid  hydrocarbon  whose  cold-saturated 
alcoholic  solution  is  precipitated  by  picric  acid.  The  compound 
forms  delicate  stellate  groups  of  yellow  needles,  easily  soluble  in 
alcohol.  Retene,  treated  by  method  2  or  3,  forms' similar  needles  of 
an  orange-yellow  colour.  Anthracene  also  forms  ruby-coloured 
needles  still  more  soluble  than  the  preceding ;  the  red  alcoholic 
solution  is  decolorised  by  addition  of  a  little  more  alcohol.  Other 
hydrocarbons  contained  in  crude  anthracene  exhibit  the  same 
reaction,  which  appears  to  be  peculiar  to  anthracene  and  its  homo- 
logues.  They  may  be  distinguished  from  one  another  by  the 
appearance  of  the  precipitates  under  the  microscope. 

When  a  solution  of  picric  acid  is  distilled  with  calcium  hypo- 
chlorite, or  a  mixture  of  potassium  chlorate  and  hydrochloric  acid, 
an  oily  liquid  of  a  penetrating  odour  is  obtained,  having  a  sp.  gr. 
of  1-665,  and  boiling  between  114°  and  115°.  This  substance, 
chloropicrin,  has  the  composition  CN02C13,  which  is  that  of  chloro- 
form, CHC13,  having  the  hydrogen  replaced  by  nitryl.  Bromo- 
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picrin,  CN02Br3,  is  obtained  in  like  manner  by  treating  picric 
acid  with  caicium  hypobromite. 

Cresol,  C7H8O  =  C0H4(CH3)(OH). — This  compound,  metameric 
with  benzyl  alcohol,  and  with  anisol,  is  susceptible  of  three  iso- 
meric modifications,  depending  on  the  relative  positions  of  the 
radicals  CH3  and  OH :  viz., 

C6HHHH(OH)CH3   C6H(OH)HHH(CH3  C0HH(OH)HH(CH3) 

Ortho-cresol.  Meta-cresol.  Pnra-cresol. 

Paracresol  and  orthocresol  (also  called  »  and  /3  cresol  respec- 
tively) are  obtained  by  fusing  the  potassium  salts  of  the  cor- 
responding modifications  of  toluene-sulphuric  acid  with  potassium 
hydrate : 

C7H7S03K    +    KOH    =    S03K2    +    C7H80 ; 

also  by  treating  the  corresponding  toluidines  with  nitrous  acid, 
whereby  they  are  converted  into  diazotoluenes,  C7H0N2,  and  de- 
composing the  latter  with  water : 

C7H7NH2    +    N02H    =    C7H0N2    +    2H20    +  N2, 
and 

C7H6N2    +    H20    =    C7H80    +  N2. 

Paracresol  («  cresol)  exists,  together  with  phenol,  in  the  so- 
called  coal-tar  creasote,  and  is  separated  by  fractional  distillation. 
It  is  also  contained,  together  with  phenol  and  other  compounds, 
in  the  tar  of  pine-wood,  and  is  obtained  therefrom  by  treating  the 
oil  which  passes  over  in  distillation  between  150°  and  220°  with 
weak  soda-ley  to  separate  hydrocarbons,  supersaturating  the  alka- 
line liquid  with  sulphuric  acid,  and  repeating  the  treatment  with 
soda-ley  and  sulphuric  acid,  till  the  oil  becomes  perfectly  soluble 
in  the  alkaline  liquid.  The  oil  thus  obtained  is  a  mixture  of 
phenol  and  cresol,  which  are  separated  by  fractional  distillation. 

Metacresol  (or  y  cresol)  is  obtained  by  heating  thymol  with 
phosphoric  anhydride.  Metacresol-phosphoric  acid  is  thereby 
formed,  and  this,  when  decomposed  by  fusion  with  potash,  yields 
metacresol. 

The  three  modifications  of  cresol  are  transparent,  colourless 
liquids,  having  a  phenolic  odour.  Paracresol  boils  at  198°-200°, 
metacresol  at  195°-200D,  orthocresol  at  189°.  The  first  solidifies 
in  a  freezing  mixture  to  a  crystalline  mass  ;  the  other  two  remain 
liquid.  All  three  are  slightly  soluble  in  water,  and  mix  in  all 
proportions  with  alcohol  and  ether.  With  potassium,  phosphorus 
pentachloride,  nitric  acid,  and  sulphuric  acid,  they  art  in  the  same 
manner  as  phenol,  forming  analogously  constituted  compounds. 
Trmitro-paracresol,  or  trinitro-paracrcsylic  acid,  C7Hr,(N02)30, 
crystallises  in  yellow  needles  like  picric  acid.    The  red  powder 
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known  in  commerce  as  Victoria-yellow,  or  Aniline-orange,  is  a  salt 
of  dmitro-paracresol. 

Eight-carbon  Phenols,  C8H10O. — This  formula  includes 
two  phenols  metameric  with  xylyl  alcohol,  viz. : 

Dimethyl-phenol,     ....  C„H3(CH3)2OH 
Ethyl-phenol,  C6H4(C2H5)OH . 

Dimethyl-phenol,  or  xylenol,  is  produced  by  fusing  the 
potassium-salt  of  xylyl-sulphurous  acid,  C8H9S03K,  with  potas- 
sium hydrate.  On  decomposing  the  resulting  mass  with  hydro- 
chloric acid,  digesting  with  ether,  and  ctistnlrng,  a  liquid  passes 
over  at  210°,  which,  when  exposed  to  a  winter  temperature, 
separates  into  two  isomeric  modifications,  one  crystalline,  the 
other  liquid.  The  solid  modification  is  likewise  obtained  by  fus- 
ing the  potassium-salt  of  oxymesitylenic  acid  with  potash  : 

CaH8j(CH3)a    +    H20    =    C03K2    4-  C6H3{g^3)2 

Solid  xylenol  melts  at  75°  and  boils  at  213-5°;  the  liquid  modifi- 
cation bods  at  211  "5°. 

A  xylylic  phenol  is  mentioned  by  Dr  Hugo  Miiller  as  occurring 
in  coal-tar ;  this  is  probably  also  a  dimethyl -phenol,  inasmuch  as 
products  of  destructive  distillate  have  hitherto  been  found  to  yield 
only  methyl-derivatives  of  benzene.  The  portion  of  aloisol  (a 
product  obtained  by  distilling  aloes  with  lime)  which  is  soluble 
in  potash,  has  the  composition  of  a  xylylic  phenol,  and  is  perhaps 
identical  with  the  preceding. 

Phlorol,  an  oily  liquid  obtained  by  the  dry  distillation  of 
the  barium  salt  of  phloretic  or  oxethyl-benzoic  acid,  C9H10O3  or 
C0H4(OC2H6).COOH,  is  metameric  with  xylenol,  and  consists  of 
ethyl  -phenol,  its  formation  being  represented  by  the  equation : 

C0H4(OC2H6).COOH    =    C02    +  C6H5(OC2H5). 

Phloretic  acid.  Phlorol. 

Phlorol  is  a  colourless,  strongly  refracting  oil,  having  a  specific 
gravity  of  1-0374  at  12°,  and  boiling  between  190°  and  200°.  It 
dissolves  in  strong  sulphuric  acid,  forming  a  sidpho-acid  which 
yields  a  soluble  barium  salt.  With  chlorine'it  forms  a  substitution- 
product.  It  reacts  violently  with  strong  nitric  acid,  forming  the 
compound  C8H7(N02)30. 

Ten-carbon  Phenols.— The  formula  C10Hj4O  may  evi- 
dently include  a  considerable  number  of  phenols  metameric  with 
cyniyl  alcohol  (p.  791),  but  only  two  of  these  are  known,  both  of 
which  are  called  thymols,  and  distinguished  by  the  prefixes 
a.  and  /3. 
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«  Thymol  exists  ready-formed  in  the  volatile  oil  of  thyme 
horse-mint,  and  Ptychotis  Ajmvan,  an  East  Indian  plant  It 
crystallises  in  transparent  rhoinboidal  plates,  melting  at  44°  •  it 
has  a  mild  odour,  peppery  taste,  and  boils  at  220°.  ° 

&  Thymol  is  produced  by  fusing  the  potassium  salt  of  cymyl- 
sulphurous  or  sulphocymolic  acid  with  sodhun  hydrate,  dissolving 
the  fused  mass  in  water,  acidulating  with  sulphuric  acid,  and 
distilling  in  a  current  of  steam  ;  it  then  passes  over  as  a  yellowish 
viscid  oil,  lighter  than  water,  which  cannot  be  solidified  either  by 
cooling  or  by  contact  with  a  crystal  of  a  thymol.  *  Thymol  dis- 
solves easily  and  completely  in  strong  sulphuric  acid  at  40°-50° 
and  the  solution  does  not  become  turbid  on  dilution  with  water' 
because  the  thymol  has  been  converted  into  an  easily  soluble 
sulpho-acid.  &  Thymol  likewise  dissolves  easily  in  strono-  sul- 
phuric acid,  but  only  a  small  portion  of  it  is  thereby  converted 
into  a  sulpho-acid,  even  at  100°;  and  on  addition  of  water  the 
greater  part  of  the  oil  separates  out  unaltered.  The  aqueous 
solution  neutralised  with  barium  carbonate  yields  a  barium  salt 
-Ba(L10H13bO4)2,  which  crystallises  in  anhydrous  needles  fi  Thy- 
mol dissolves  easily  in  alkalis,  and  is  precipitated  therefrom  by 

«  Thymol  heated  with  phosphoric  anhydride  is  very  easily  and 
completely  resolved  into  propylene  and  y  cresol  (p.  797),  the  latter 
remaining  m  combination  with  phosphoric  acid.  *  Thymol  is 
therefore  propyl-cresol,  that  is  to  say,  propyl-methyl-phenol, 
CuH3(0H)  I  c^  f  and  as  cymene  is  propyl-methyl-benzene,  it 
follows  that  3  thymol  has  also  the  constitution  of  propyl-methyl- 
pheno  .  Probably  one  modification  contains  normal  propyl,  and 
tne  other  isopropyl. 

Methyl-thymol,  C10H,3OCH3  is  obtained  by  heating  an  alcoholic 
solution  of  thymol  and  potassium  hydrate  with  methyl  iodide : 

C10H13OH  +  K.HO  +  CH3I  =  KI  +  H20  +  C10H13OCH3. 

Ethyl- -  and  Amyl-thymol  are  obtained  in  like  manner;  benzovl- 
thyrnol,  C10H13(OC7H6O),  by  heating  thymol  with  benzoyl  chloride 
All  these  compounds  are  volatile  oily  liquids,  having  an  aromatic 

^  J1?!™1  tT,6at^  ,Vth  hromi™  in  sunshine  yields  penta- 
bro  mo  thymol  C  H0Br  0,  and  with  chlorine,  C\0Hu(Jl3O  or 
C10H  Cl5O  accordingly  as  the  reaction  takes  place  in  tile  shade  or  in 
cr^'sfalline  '  "  WeU  ''lS  tl,e  bromine-cmpound,  are 

f  i  fr^n  w!  uT  •  ?  \ 1  r  0  t  h  y  m  0 1  8>  Cio  H12(NO.,)„0  and 
^loiluCJNU^O,  obtained  by  the  action  of  nitric,  acid  on  thymol- 
BHipnunc  acid.  Both  form  potassium  salts,  which  crystallise  in 
yellow  or  orange-yellow  needles 
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2.  Monatomic  Alcohols,  CnH2n— sO,  or  CnH2n— 9(OH) . 

Cinnyl  Alcoliol,  Styryl  Alcohol,  or  Styrone,  C0H10O,  or 
C0H9OH,  is  obtained  by  heating  styracin  or  cinnyl  cinnamate 
C9H9(OC9H70),  (a  compound  contained  in  liquid  storax  and  in 
balsam  of  Peru),  with  caustic  alkalis.  It  crystallises  in  soft  silky 
needles,  having  a  sweet  taste  and  an  odour  of  hyacinths,  melting 
at  33°,  and  volatilising,  without  decomposition,  at  a  higher  tem- 
perature. It  is  moderately  soluble  in  water,  freely  in  alcohol  and 
ether.  By  oxidising  agents  it  is  converted  into  cinnamic 
aldehyde,  C9H80,  and  cinnamic  acid.  C9H802,  being  related 
to  those  compounds  in  the  same  manner  as  ethyl  alcohol  to  acetic 
aldehyde  and  acetic  acid.  "With  fuming  sulphuric  acid  it  forms  a 
sulpho-acid,  C9H10SO3,  the  barium-salt  of  which  is  soluble  in 
water. 

Chlolesterin,  C20H.iiOl,  a  product  of  the  animal  organisation, 
is  homologous  with  cinnyl  alcohol,  and  has  the  characters  of  a  mona- 
tomic alcohol.  It  is  found  in  small  quantity  in  various  parts  of 
the  animal  system,  as  in  the  bile,  the  brain  and  nerves,  and  the 
blood  :  it  forms  the  chief  ingredient  of  biliary  calculi,  from  which 
it  is  easily  extracted  by  boiling  the  powdered  gall-stones  in  strong 
alcohol,  and  filtering  the  solution  while  hot ;  on  cooling,  the 
cholesterin  crystallises  in  brilliant  colourless  plates.  It  is  a  fatty 
substance,  insoluble  in  water,  tasteless  and  inodorous :  it  is  freely 
soluble  in  boiling  spirit  and  in  ether,  and  crystallises  from  the  alco- 
holic solution  in  beautiful  white  laminae  having  a  mother-of-pearl 
lustre.    It  melts  at  137°,  and  sublimes  at  200°. 

Heated  with  strong  sulphuric  acid,  it  gives  up  water,  and  yields 
a  resinous  hydrocarbon,  C26H42.  With  nitric  acid  it  yields  choles- 
teric  acid,  C8H10O5,  together  with  other  products.  With  chlorine 
and  bromine  it  forms  substitution-products.  Heated  to  200°  with 
acetic,  butyric,  benzoic,  and  stearic  acids,  it  forms  compound  ethers, 
thus : 

(VUOH)  +  C18H350(OH)   =   C^H^OCAO)  +  H20. 

Cholesterin.  Stearic  acid.  Cliolesteiyl 

stearate. 


3.  Monatomic  Alcohols,  CnH9n_20,  or  CnHsn— 3OH . 

Only  one  alcohol  of  this  series  is  at  present  known,  viz. : 

Camphol,  C10HlsO    =    C10Hl7(OH) . 

Of  this  compound  there  are  several  physical  modifications,  dis- 
tinguished from  one  another  by  their  action  on  polarised  light. 

One  variety,  called  Borneol,  or  Borneo  camphor,  is  obtained  from 
Dryabalanops  Camphora,  being  found  in  cavities  of  the  trunks  of 
old  trees  of  that  species.    It  has  a  dextro-rotatory  power  =  34*4  . 
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A  second,  having  a  dextro-rotatory  power  of  44-9°,  is  produced 
together  with  camphic  acid,  by  the  action  of  alcoholic  potash  on 
common  camphor,  to  which  indeed  camphol  hears  the  same  rela- 
tion that  ethyl  alcohol  bears  to  aldehyde  : 

2C10H1(iO    +    H20    =    C10H13O    +  C10H10O2 

Camphor.  Camphol.  Camphic  acid. 

A  third  variety,  possessing  a  dextro-rotatory  power  of  4-5°,  is 
obtained  by  distilling  amber  with  potash ;  and  a  fourth,  called 
Icevo-camphol,  which  has  a  laevo-rotatory  power  of  33-4°  (equal  and 
opposite  to  that  of  borneol),  is  found  in  the  alcohol  produced  in 
the  fermentation  of  sugar  from  madder-root. 

Dextro-rotatory  camphol,  both  natural  and  artificial,  forms  small 
transparent,  colourless  crystals,  apparently  having  the  form  of 
regular  hexagonal  prisms,  insoluble  in  water,  very  soluble  in 
alcohol  and  ether.  It  melts  at  198°,  and  boils  at  212°,  distilling 
without  alteration.  Laevo-rotatory  camphol  forms  crystalline 
laminae,  or  a  white  powder,  sparingly  soluble  in  water,  easily  in 
acetic  acid,  alcohol,  and  ether.  Both  varieties  smell  like  pepper 
and  common  camphor. 

_  Camphol  distilled  with  phosphoric  oxide  gives  up  water,  and 
yields  a  hydrocarbon,  C}0H10,  isomeric  with  turpentine  oil.  When 
boiled  with  nitric  acid,  it  gives  off  two  atoms  of  hydrogen,  and  is 
reduced  to  the  corresponding  aldehyde,  viz.,  common  or  laurel 
camphor,  C10fT10O,  which  is  dextro-  or  Isevo-rotatory,  according  to 
the  variety  of  camphol  used.  With  other  acids,  camphol  behaves 
like  alcohols  in  general,  forming  ethers :  thus,  when  heated  in  a 
sealed  tube  with  strong  hydrochloric  acid,  it  forms  camphyl 
chloride,  C10H17C1,  a  crystalline  Isevo-rotatory  substance  iso- 
meric with  hydrochloride  of  turpentine  oil,  C10H10.HC1  (p.  780). 
With  benzoic  acid  camphol  forms  camphyl  benzoate, 
C10Hiy.C7HfiO2. 


Diatomic  Phenols  or  Oxyphenols,  CnH2n-c02. 

There  are  ten  known  compounds  included  in  this  general  for- 
mula, namely : 

Hydroquinone— Pyrocatechiri— Eesorcin,  .  .  C„Hn02 
Salegenin— Hydiotoluquinone— Orcin—  Guaiacol,  .  CU-LCC 
Creosol— Veratrol,  ....  C  H  O" 

Hydrothymoquinone,  \  C^H^O* 

Six-carbon  Oxyphenols.— The  three  compounds  repre- 
sented by  the  fomifla  from  one  another 
>.y  the  relative  positions  of  the  two  groups  oil  in  the  molecule, 
these  positions  being  most  probably  represented  by  the  following 
formulse; —                                  1  J  n 

3  15 
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OH  H  H 


J 


J— on 


H 


Hydroruinone  Pyrocatechin  Resorciii 

Ortho  (1 :  2J.  Meta  (1:3).  Para  (1:4). 

They  are  formed  from  the  corresponding  monoiodophenols. 
CnH6IO,  by  fusion  with  caustic  alkalis  (p.  795). 

Hydroquinone  is  also  produced:  1.  From  quinone,  C6H402, 
by  direct  assimilation  of  2  atoms  of  hydrogen,  as  when  a  solution 
of  quinone  is  treated  with  hydriodic  acid,  iodine  being  then  set 
free,  or  with  sulphurous  acid.  2.  Together  with  benzoic  acid, 
phenol,  and  other  products,  by  the  dry  distillation  of  quinic  or 
kinic  acid,  C7H120B.  It  forms  colourless,  six-sided,  prismatic 
crystals,  neutral,  destitute  of  taste  and  odour,  fusible,  and  easily 
soluble  in  water  and  in  alcohol.  When  passed  in  the  state  of 
vapour  through  a  red-hot  tube,  it  is  revolved  into  quinone  and 
hydrogen.  Treated  with  oxidising  agents,  such  as  chlorine- water, 
ferric  chloride,  silver  nitrate,  and  chromic  acid,  it  is  converted 
into  quinhydrone,  C12H10O4  (sometimes  called  green  hydro- 
quinone). This  substance,  which  may  be  regarded  as  a  compound 
of  quinone  and  hydroquinone,  CnH462.C„Hg02,  is  also _  produced 
by  the  incomplete  action  of  sulphurous  acid  upon  quinone,  and 
by  mixing  together  the  solutions  of  quinone  and  hydroquinone. 
It  forms  slender  green  crystals,  having  the  colour  of  the  wing- 
cases  of  the  rose-beetle,  and  of  the  greatest  beauty  and  brilliancy. 
It  is  fusible,  has  but  little  odour,  and  dissolves  freely  in  boiling 
water,  crystallising  out  on  cooling. 

Quinone,  CBH402,  is  obtained,  as  above  stated,  by  elimination 
of  hydrogen  from  hydroquinone;  also  by  heating  quinic  acid  with 
a  mixture  of  manganese  dioxide  and  sulphuric  acid  : 

C7H12O0    +    02    =    C6H402    +    C02    +  4H20. 

It  is  a  very  volatile  substance,  giving  off  a  vapour  extremely 
irritating  to  the  eyes.  It  forms  crystals,  both  by  sublimation  and 
by  solution  in  boiling  water,  melts  at  a  gentle  heat,  crystallises  on 
cooling,  stains  the  skin  permanently  brown. 

When  quinic  acid  is  distilled  with  manganese  dioxide  and 
hydrochloric  acid,  an  acid  liquid  and  a  crystalline  sublimate  are 
produced.  The  former  is  a  solution  of  formic  acid,  the  latter 
a  mixture  of  chlorinated  derivatives  of  quinone,  viz.,  C0H3l 
CBH«,C1202,  CBHC1302,  and  C6C1402.  They  are  yellow  crystalline 
substances,  which  may  be  separated  by  their  different  degrees  of 
solubility  in  alcohol.    By  reducing  agents,  especially  by  sula 
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phurous  acid,  they  are  converted  into  the  corresponding  chlorinated 
nydroqninones,  C6H,C103,  Cf;H4Cl.,09,  &c. 

Qumone  treated  with  chlorme  yields,  as  final  product,  hexchlo- 
robenzene,  C8C18,  the  2  atoms  of  oxygen  in  the  molecule  C..H  0 
being  replaced  by  2  atoms  of  chlorine.  This  shows  that  the  two 
oxygen-atoms  m  question  are  linked  together  so  as  to  form  a 
bivalent  group  (O—O)":  if  thev  were  not  thus  connected,  but 
each  had  its  two  units  of  affinity  free,  the  2  atoms  of  oxygen  would 
be  replaced  by  4  atoms  of  chlorine,  and  the  final  product  would 
be  L6U8,  a  compound  which  does  not  appear  to  exist.  Hence  the 
iormation  of  qumone  from  hydroquinone  consists  in  the  elimina- 
tion ot  the  hydrogen  from  each  of  the  two  groups  OH,  and  the 
linking  together  of  the  two  oxygen-atoms,  thus— 


-OH 


-OH 


Hydroquinone. 


Quinone. 


nn£  v  ^  diatomic  phenols,  C6H602,  hydroquinone,  pyro- 
catechin,  and  resorcm,  hydroquinone  is  the  only  one  that  is  con- 
vertible into  quinone.  Now,  as  the  linking  together  of  the 
oxygen-atoms  in  the  manner  just  described  may  be  expected  to 
take  place  with  greater  facility  the  nearer  they  are  together,  it  is 
interred  that  in  hydroquinone  the  two  groups  OH  are  attached  to 
T  c^on-atoms;  in  other  words,  that  hydroquinone  is 

the  ortho-modification  of  oxyphenol. 

n.5TCrteCMli'  ?f  ^a.-oxyphenol,  is  produced  by  heating 

gTffcSST?" \  f  f  T  *^aS  +  S^h°enoT 
stance  oSplTed  H  'K^  Mation  of  catechin  (a  sub- 
col  ouvht  S?  from  catechu),  of  morintannic  acid  (the  Vellow 
found  Tr?  Sr."1  M°rUS  *™cfo"«),  and  of  wood,  whence  it  is 

"v  ,  nTlf^  f  b°dy'  whlch  melts  at  m°or  112°,  *id  volatilises 
redln!  i'  'T  te,T!,'at",m  lt  has  a  bittCT  taste,  and  scarcely 
Hi'- wood  violet '  With  ^chloric  acid   ii  colours 

•V,  ,,I  ?  dlssolves  in  water,  alcohol,  and  ether.  The 

aqueous  solution  forms  a  white  precipitate  will,  lead  acetate,  and 
wloura  feme  salts  dark  green.  Nitric  arid  acts  upon  Lt  with 
™e™e>  oxahc  acid  and  a  small  quantity  of  a  yellow 

nitrocompound.    With  acetyl  chloride  and  fieUy*  c/iWe  it  forms 
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the  compounds  C0H6(C2H3O)O2  and  C6H6(CTHsO)Og,  both  of 
which  are  crystalline. 

Resorcin,  C0(OH)HH(OH)H2,  is  produced  by  the  action  of 
melting  potash  on  para-iodophenol,  also  by  the  same  mode  of 
action,  from  galbanum,  asafoetida,  gum  ammoniacum,  and  several 
other  resins.  It  is  very  soluble  in  water,  alcohol,  and  ether,  and 
crystallises  from  very  concentrated  solutions,  in  prisms  belonging 
to  the  trimetric  system,  colourless  at  first,  but  afterwards  becoming 
reddish.  Tt  melts  at  99°,  and  boils  at  271°,  distilling  almost  without 
residue.  Its  vapour  exhibits  the  normal  condensation :  observed 
vapour-density,  4-1 ;  calculated,  3'8.  Its  aqueous  solution  is 
coloured  violet  by  ferric  chloride  and  by  chloride  of  lime,  and 
reduces  silver  nitrate  and  an  alkaline  cupric  solution,  throwing 
down  cuprous  oxide  in  the  latter  case.  Resorcin  forms  a  tribro- 
minated  compound,  CeH3Br302,  which  crystallises  in  interlaced 
needles ;  a  triacetyl  compound,  C6H3(C2H30)309,  and  two  benzoyl- 
derivatives,  C6H4(C7H50)202,  and  C6H3(C7H60)302. 

Seven-carbon  Oxyphenols,  C7H802— These  bodies  are 
derived  from  toluene,  C0H5.CH,,  by  substitution  of  (OH)2  for  H2; 
in  this  way  three  metameric  bodies  may  be  formed ;  viz. : 

C6H6.  CH(OH)2      C6H4(OH).  CH2OH      C6H3(OH)2.  CH3 . 

The  first,  which  has  not  yet  been  obtained,  is  analogous  to  the 
true  diatomic  alcohols  or  glycols,  having  both  its  hydroxyl-atoms 
in  the  alcoholic  place :  it  bears  to  benzyl  alcohol,  CH2OH, 
the  same  relation  that  ethene  alcohol  bears  to  ethyl  alcohol.— The 
second,  called  saligenin,  belongs  to  a  class  of  bodies  called  glyco- 
phenols,  having  half  their  hydroxyl  in  the  alcoholic,  the  other  half 
in  the  phenolic  place,  so  that  they  are  intermediate  between  the 
true  diatomic  alcohols  and  the  phenols.— The  third,  which  is  a 
true  diatomic  phenol,  having  both  its  hydroxyl-atoms  in  the 
phenolic  place,  is  further  susceptible  of  several  isomeric  modifica- 
tions, according  to  the  relative  positions  of  the  two  hydroxyl- 
atoms  and  the  methyl-atom  in  the  molecule,  C7Hs02.  Two 
such  bodies  are  actually  known,  viz.,  orcin  and  guaiacol,  and  a 
third,  viz.,  kycbotoluocpiinone,  by  certain  of  its  chlorine  deriva- 
tives. 

Saligenin,  CfiH4(OH).CH9(OH),  is  obtained  by  the  decom- 
position of  salicin,  C12H1S07,  "a  crystallisable  bitter  principle  ob- 
tained from  the  leaves  and  young  bark  of  the  willow  and  poplar. 
This  substance,  under  the  influence  of  a  peculiar  ferment  called 
emulsin,  or  synaptase,  obtained  from  sweet  abnonds,  splits  up  into 
glucose  and  saligenin  : 

C13H1807    +    H20    =    C0H12O0   +  C7H802. 

Saligenin  forms  colourless,  nacreous  scales,  freely  soluble  in  water. 
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alcohol,  and  ether;  it  melts  at  82°,  and  decomposes  at  a  higher 
temperature.  Its  aqueous  solution  gives  a  deep  indigo-blue  colour 
with  ferric  salts.  Dilute  acids  convert  it,  by  abstraction  of  water 
into  a  resinous  substance,  C7H(iO,  called  saliretin,  which  may 
also  be  produced  from  salicin  by  boiling  with  acids. 

Saligenin,  treated  with  oxidising  agents,  as  chromic  acid  or 
silver-nitrate,  or  exposed  to  the  air  in  contact  with  platinuni- 
black,  behaves  like  a  primary  alcohol,  giving  up  H2  from  the 
group  CHoOH,  in  exchange  for  0,  whereby  it  is  converted  into 
salicylol,  or  salicylic  aldehyde,  C7H60, : 

CliH4(OH).CH2OH    +    02    =    H20    +  C0H4(OH).COH 

Sali«enin-  Salicylol. 

On  the  other  hand,  when  treated  with  benzoyl  chloride  C,H  OC1 
it  exchanges  the  hydrogen  of  its  phenolic  hydroxyl  for  benzoyl! 
and  iorms  benzoyl-saligenin : 

C6H4(OH).CH2(OH)     +    C7H50.C1     =     HC1  + 
C6H4(OC7H50).CH2OH. 

Hydrotoluquinone,  C0H3(OH)2.CH3,  the  homologue  of  hydro- 
?«UuT'v/r!4  le  corresponding  quinone,  viz.,  toluquinone, 
^0^3(^2)  XH3,  have  not  yet  been  obtained ;  but  the  di-  and  tri- 
chlorotoluquinone,  CBHC12(0)2". CH3  and  CeCl3(02)". CH„  are 
produced  by  the  action  of  hydrochloric  acid  and  potassium  chlorate 
on  cresol,  just  as  the  chlorinated  quinones  of  the  benzene  group 
are  obtained  from  phenol.  The  trichlorinated  compound  forms 
yellow  laminar  crystals.  Trichloro-hydrotoluquinom,  C8CL(OH)., 
t/Hg,  obtained  by  heating  trichloro toluquinone  with  aqueous  sul- 
phurous acid,  crystallises  in  colourless  needles. 

Orcin  probably  homologous  with  pyrocatechin,  appears  to 
exist  ready-formed  in  all  the  lichens  {Ucanora  tartarca,  Eoccella 
tinctona,  Variolaria  orcina,  &c.)  which  are  used  for  the  pre- 
paration of  archil  and  litmus  ;  and  is  the  general  product  of 
the  decomposition  of  certain  acids  extracted  from  those  lichens 
(oraelhmc  acid,  erylhric  acid,  &c.)  under  the  influence  of  heat  or 

>t  alkalis     Orselhmc  acid,  CSH  0,„  when  boiled  with  baryta- 
water,  splits  up  into  carbon  dioxide  and  orcin,  CsH804  =  CO„  + 
<  7H  02,  just  as  the  homologous  acid,  oxysalicylic  acid,  C7HX>4, 
Splits  up  into  (  0,and  pyrocatechin,  CflH6(t   To  obtain  the  orcin 
excess  of  baryta  is  precipitated  from  the  liquid  by  carbonic  acid 
;.,n<l       fil,;rate  evaporated  to  a  small  bulk.    It  forms,  when  pure 

arge  square  pnsms,  which  have  a  slightly  yellowish  tint,  an 
BTeet,S£lte>  aml  a  hiSh  degree  of  solubility  both  in  water 
alcohol.    When  beated,  it,  loses  water,  and  melts  to  a  syrupy 
r'Ti"  .'"''r   umli;,"Ked.    The  crystals  of  orcin  contain 

■  7nf(u2..ri2o.    It  forms  substitution-products  with  chlorine  and 
nroimne. 
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Orcein. — When  ammonia  is  added  to  a  solution  of  orcin,  and 
the  whole  is  exposed  to  the  air,  the  liquid  assumes  a  dark-red  or 
purple  tint  by  absorption  of  oxygen ;  a  slight  excess  of  acetic  acid 
then  causes  the  precipitation  of  a  deep-red  powder,  not  very 
soluble  in  water,  but  freely  dissolved  by  ammonia  and  fixed 
alkalis,  with  purple  or  violet  colour.  This  powder  is  an  azotised 
substance,  orcein,  formed  from  the  elements  of  the  ammonia  and 
the  orcin ;  it  probably  constitutes  the  chief  ingredient  of  the  red 
dye-stuff  of  the  commercial  articles  before  mentioned.  Orcein 
probably  contains  C7H7N03,  and  its  formation  from  orcin,  by  the 
action  of  oxygen  and  ammonia,  may  be  represented  by  the  equa- 
tion : 

U7H802    -1-    NH3    +    03    =    C7H7N03    +    2H20 . 

Guaiacol. — Guaiacum,  a  yellow  or  brown  resin  exuding  from 
a  West  Indian  tree  (Guaiacum  officinale),  yields  by  dry  distillation 
an  oily  Liquid,  which,  when  washed  with  water  and  rectified  at 
a  moderate  heat,  gives  off,  first,  guaiacene,  C5H80,  and  after- 
wards a  colourless  oil,  commonly  called  guaiacol.  This  com- 
pound has  a  specific  gravity  of  1119  at  22°,  and  boils  at  210°.  It 
is  soluble  in  alcohol,  slightly  sol  able  in  water.  Nitric  acid  con- 
verts it  into  oxalic  acid  and  a  brown  resin.  With  chlorine  and 
bromine  it  forms  substitution-products.  It  dissolves  in  potash, 
and  forms  crystallisable  salts  with  other  bases.  Guaiacol,  as  thus 
obtained,  is  not,  however,  a  perfectly  definite  compound,  but  a 
mixture  in  varying  proportions  of  the  homologous  compounds, 
C7H802  and  C8H10O2.  The  latter  compound  likewise  exists  in 
some  kinds  of  wood-creasote :  hence  it  is  called  creasol.  The 
term  guaiacol  should  be  restricted  to  the  former. 

Eight-carbon  Oxyphenols,  C8H10O2. — Creasol.— This 
is  a  diatomic  phenol  obtained,  as  just  observed,  from  guaiacum, 
and  likewise  from  creasote  or  kreasote,  a  liquid  which  is  contained 
in  many  kinds  of  wood-tar,  especially  in  the  heavy  oil  of  beech- 
tar,  as  obtained  from  the  wood- vinegar  makers,  and  is  extracted 
and  purified  by  a  series  of  processes  similar  to  those  employed  for 
the  preparation  of  phenol  or  carbolic  acid  from  coal-tar  (p.  792). 

Creasote  is  a  colourless,  somewhat  viscid  oily  liquid,  of  great 
refractive  and  dispersive  power.  It  is  quite  neutral  to  test-paper  ; 
has  a  penetrating  and  most  peculiar  odour,  that,  namely,  of  smoked 
meat,  and  a  pungent  and  almost  insupportable  taste  when  placed 
even  in  very  small  quantity  upon  the  tongue.  Its  density  is  1  037, 
and  its  boiling-point  about  203°.  It  takes  fire  with  difficulty,  and 
then  burns  with  a  smoky  light.  When  quite  pure,  it  is  not 
altered  by  exposure  to  the  air ;  but  much  of  the  creasote  of  com- 
merce gradually  turns  brown  under  these  circumstances.  100  part? 
of  cold  water  take  up  about  1£  part  of  creasote;  at  a  high  tent 
perature  rather  more  is  dissolved,  and  the  hot  solution  abandons  a 
portion  on  cooling.    The  creasote  itself  absorbs  water  also  to  a 
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considerable  extent.  In  acetic  acid  it  dissolves  in  much  larger 
quantity.  Alcohol  and  ether  mix  with  creasote  in  all  proportions 
Concentrated  sulphuric  acid,  by  the  aid  of  heat,  blackens  and 
destroys  it.  Caustic  potash  dissolves  creasote  with  great  facility, 
and  forms  with  it  a  compound,  which  crystallises  in  brilliant 
pearly  scales,  and  consists,  according  to  Hlasiwetz,  of  potassium 
creasolate,  CsH9K02. 2H20.  When  distilled  with  dilute  sulphuric 
acid,  it  yields  creasol,  C8H10O9.  By  treating  creasote  with  potas- 
sium m  an  atmosphere  of  hydrogen,  and  crystallising  the  product 
lrom  ether,  an  acid  potassium  creasolate  is  obtained,  consisting  of 
C8H9K02.  C8H10O2. 

Hlasiwetz  regards  beech-tar  creasote  as  an  ether  of  creasol  repre- 
sented either  by  the  formula  CsH9E02,  or  by  C8H9R09.  C8H10O9, 
m  which  R  denotes  a  monatomic  alcohol-radical.  According  to 
frisch  it.  consists  mainly  of  acid  phenybc  creasol,  C8H9(C6H6)02 
L8Hio?2-  It  may  be  distinguished  from  phenol  by  its  behaviour 
to  ierric  chloride,  an  alcoholic  solution  of  that  salt  producing  a 
green  colour  with  creasote  and  brown  with  phenol ;  an  aqueous 
solution  gives  no  colour  with  creasote  and  a  blue  colour  with 
phenol.  _  The  creasote  of  commerce  is,  however,  a  substance  of 
very  variable  constitution,  much  of  it  being  nothing  but  impure 
phenol  (commonly  called  coal-tar  creasote).  The  tar  of  pine-wood 
as  already  observed  (p.  79),  consists  maudy  of  phenol  and  cresol.  ' 

Ihe  most  characteristic  property  of  wood-creasote  is  its  extra- 
ordinary antiseptic  power,  which  appears  to  be  even  greater  than 
that  ot  phenol.  A  piece  of  meat  steeped  in  a  very  dilute  solution 
ol  creasote  dries  up  to  a  mummy-like  substance,  but  absolutely 
refuses  to  putrefy.  The  weU-known  efficacy  of  impure  wood- 
vinegar  and  of  wood-smoke  in  preserving  provisions  is  doubtless 
to  be  attributed  to  the  creasote  which  they  contain.  Both  creasote 
and  phenol  are  used  by  the  dentist  for  relieving  toothache  arising 
trom  putrefactive  decay  in  the  substance  of  the  tooth. 

Veratrol,  C8H10O2.— This  compound  is  obtained  by  distilling 
veratoc  acid  (an  acid  extracted  from  the  seeds  of  Veratrum  Saba- 
diUa)  with  excess  of  baryta  at  a  gentle  heat,  the  mode  of  forma- 
tion being  that  ot  the  oxyphenols  in  general  from  the  correspond- 
ing acids  of  the  series  CnH2n-804. 

C0H10O4     =     C02    +  C8H10O9. 

Veratrlc  acid.  Veratrol. 
Veratrol  is  a  colourless  oil  having  an  agreeable  aromatic  odour, 
of  ^o'Sko®^  1-086  at  15° 5  ifc  solidifies  at  15°,  and  boils 
r  II  v  n  1  •  u  ? "nu  converts  ifc  into  dibromoveratrol, 
'  s  11,1. i,t),„  winch  forms  prismatic  crystals.  Nitric  acid  acts 
sworigly  upon  it,  forming  n  i  1  roveratrol,  CJI„(NO.,)0.„  which 
.•n  jbdhscs  Iron,  alcohol  in  yellow  larninffi,  and  dinitroveratrol, 
V,^os(  -H  ,  °h  cl7Stallise8  in  vrellow  needles,  melting  at 
100  ,  and  then  roktilising  without  decomposition. 
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Anisic  Alcohol,  C8H10O2. — Crude  anise  oil,  the  essential  oil  of  1 
Pirnpinctta  Anisum,  contains  a  crystalline  substance,  C10H12O, 
called  anethol,  or  anise  camphor.  This  substance  when  oxi- 
dised with  nitric  acid  is  converted  into  anisic  aldehyde,  C8Hs02, 
which,  when  treated  with  alcoholic  potash,  takes  up  two  atoms  of 
hydrogen,  and  is  converted  into  anisic  alcohol,  CgH10O2  (just 
as  benzoic  aldehyde,  C7H60,  under  similar  circumstances  yields 
benzyl  alcohol,  C7H80,  p.  790).  Now  this  alcohol,  though  it 
contains  two  atoms  of  oxygen,  nevertheless  behaves,  not  like  a  j 
diatomic,  but  like  a  monatomic  alcohol,  yielding  only  one  series 
of  ethers.  The  so-called  anisic  alcohol  appears,  indeed,  to  be 
really  the  rnethylic  ether  of  the  diatomic  alcohol,  C7H802,  its 
formula  being  C7He(OCH3)OH :  so  that  it  contains  only  one 
atom  of  replaceable  hydrogen.  Hydrochloric  acid  gas  converts 
it  into  the  corresponding  hydrochloric  ether,  C8H9C10,  or 
C7H0(OCH3)C1. 

Ten-carbon  Oxyphenol,  C10H14O2. — The  only  modifica- 
tion of  this  molecule  at  present  known  is  hydrothy  moquinone, 

C6H2(OH)2 1  formed  by  the  reducing  action  of  sulphurous 

(OH 

acid  on  thymoquinone,  C6H2(02)"  j  q|j  7,  the  latter  being  pro- 

C3H  \  with  manganese 

dioxide  and  sulphuric  acid,  just  as  ordinary  quinone  is  produced 
by  oxidation  of  phenol. 

Hydro-thyrnoquinone  crystallises  in  transparent,  heavy,  glassy 
prisms,  with  pyramidal  summits,  melts  at  139-5°,  and  sublimes 
undecomposed  at  higher  temperatures.  Thymoquinone  forms 
yellow  prismatic  tables,  having  a  vitreous  taste,  melting  at  45-5°, 
and  boiling  without  decomposition  at  about  200°. 

Thymoquinhydrone,  C10H12O2.C10H14O2,  obtained  by  mixing  the 
alcoholic  solutions  of  thymoquinone  and  hydrothy  moquinone,  or 
by  the  incomplete  action  of  sulphurous  acid  on  thymoquinone, 
crvstallises  in  black  shining  needles. 

The  bromothymoquinones,C10RnBv02  and C10H10Br2O2,are  formed 
by  heating  thymoquinone  with  2  molecules  of  bromine  under 
water,  and  may  be  separated  by  crystallisation  from  hot  alcohol, 
the  solution  on  cooling  depositing  dibromothymoquinone  in  pale 
yellow  laminse,  which  melt  at  73-5°;  while  the  mother-liquor,  by 
spontaneous  evaporation,  yields  long  yellow  needles  of  mono- 
bromo  thy  moquinone.  These  compounds,  dissolved  in  warm 
potash-ley,  are  converted  respectively  into  mono-  and  di-oxythymo- 
quinone,  C10Hu(OH)O2  and  C10H10(OH)2O2,  the  former  of  which 
crystallises  from  hot  alcohol  in  regular  rhombic  plates,  melting  at 
187°.* 

»  See  Journal  of  the  Chemical  Society  [2],  ix.  350  [1871]. 
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Triatomic  Phenols. 

There  are  three  compounds  represented  by  the  formula  C6H603 
01  CgH3(OH)3,  and  exhibiting  a  certain  relationship  to  the 
phenols  ;  these  are : 

1.  Pyrogallol  or  Pyrogallic  Acid,  produced  bythe action 
of  heat  on  gallic  (dioxysalicylie)  acid  :  C7H0O6  =  C02  +  CgHgOg ; 
also,  together  with  gallic  acid,  by  the  action  of  hot  caustic  potash 
cm  di-iodosalicylic  acid  C7H4Ia03.  It  is  conveniently  prepared  by 
heating  a  dried  aqueous  extract  of  gall-nuts  to  180°-185°  in  an 
iron  pot  covered  with  a  paper  cap;  it  then  sublimes  and  con- 
denses on  the  cap  in  long  flattened  prisms. 

Pyrogallic  acid  is  soluble  in  water,  alcohol,  and  ether;  it  melts 
at  L15°,  boils  at  210°,  and  decomposes  at  250°,  giving  off  water, 
and  leaving  a  residue  of  metagallic  acid,  C8H402.  Pyrogallic 
acid  dissolves  in  caustic  potash  or  soda,  forming  a  solution  which 
quickly  absorbs  oxygen  from  the  air,  and  turns  black  :  this  solu- 
tion forms  a  very  convenient  reagent  for  the  eudiometric  analysis 
of  air  (p.  148).  With  solutions  of  pure  ferrous  salts  it  produces 
a  fine  blue  colour,  but  the  smallest  trace  of  ferric  salt  changes 
I  In'  tint  to  green.  With  bromine,  pyrogallic  acid  forms  a  substi- 
tution-product containing  (J„H3Br303. 

2.  Phloroglucin.— Phlorizin  or  phloridzin,  C21H24O10,  a 
crystalline  substance  found  in  the  root-bark  of  the  apple,  pear, 
plum,  and  cherry  trees  (p.  641),  is  resolved  by  boiling  with  dilute 
acids  into  glucose  and  phloretin,  C15H14Ofi. 

C^O.o    +    H20    =  +  C16H1405; 

and  phloretin  heated  with  aqueous  potash  is  resolved  into  phloretic 
acid  and  phloroglucin : 

C.5H14Of,   +    H20    =    C9H10O3   +  C0HcO3. 

Phloroglucin  is  a  neutral  crystalline  substance,  having  a  very 
sweet  taste,  soluble  in  water,  alcohol,  and  ether.  With  bromine 
it  forma  the  compound  ( !8H3Br303 ;  with  nitric  acid,  C0Hr,(NO9)O3 ; 
with  acetyl  chloride  and  benzoyl  chloride  it  yields  the  compounds 
<  aH6(C2H30)08  and  CBH6(C7H60)03,  both  of  which  are  crystalline. 

3.  Frangulin.— This  is  a  yellow  crystallisable substance,  con- 
tained m  the  bark  of  the  berry-bearing  alder  {Rhamnm  Frangula). 
It  a  msoluble  in  water,  slightly  soluble  in  warm  alcohol  and 
ether,  soluble  ,,,  |lx,,,i  oi]s  benzene,  and  oil  of  turpentine.  Fuming 
nitric,  acid  dissolves  it,  forming  oxalic  acid,  and  an  acid  called 
mtrofranguhc  acid,  said  to  contain  C20HuN6O18. 
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AROMATIC  ACIDS. 

1.  Monatomic  Acids,  CnH-2n-802. 

These  acids,  which  bear  the  same  relation  to  the  homologues 
of  benzene  that  the  fatty  acids  CnH2n02  bear  to  the  paraffins 
CnH2n+2,  are  produced  by  some  of  the  processes  which  yield  the 
fatty  acids,  viz. :  1 .  By  the  oxidation  of  the  corresponding  alde- 
hydes and  alcohols:  thus  benzoic  acid,  C7H0O2  or  CeH-.COOH, 
is  formed  by  oxidation  of  benzoic  aldehyde,  C6H6.CH6,  and  of 
benzyl  alcohol,  CGH5.CH2OH.  2.  By  the  action  of  water  on  the 
corresponding  acid  chlorides.  3.  By  the  action  of  alkalis  on  the 
cyanides  of  aromatic  alcohol-radicals. 

They  are  likewise  obtained :  4.  By  the  simultaneous  action  of 
sodium  and  carbon  dioxide  on  the  monobrominated  derivatives  of 
the  aromatic  hydrocarbons,  e.g.,  benzoic  acid  from  bromobenzene : 

C6H5Br    +    Na2    +    C02    =    NaBr    4-  CrH5Na02. 

5.  By  the  oxidation  of  hydrocarbons  homologous  with  benzene. 
The  known  acids  of  this  series  are : 

Benzoic  acid,  C7H0O2. 
Toluic  and  Alpha-toluic  acids,  C8H802. 
Xylic  and  Alpha-xylic  acids,  CflH10O2." 
Cuniic  acid,  C10H12O2,  homologous  with  toluic  acid. 
Alpha-cymic  acid,  CnH1402,  homologous  with  alpha-toluic 
acid. 

Benzoic  Acid,  C7Hfl02  =  C6H6.COOH.— This  acid  is  the 
analogue  of  benzylic  alcohol,  and  is  produced  from  it  by  oxidation 
with  aqueous  chromic  acid : 

C6H5.CH2OH    +    02    =    H20    +  C6H..COOH. 

It  is  also  formed  by  oxidation  of  benzoic  aldehyde,  C7H60  (bitter- 
almond  oil)  in  presence  of  platinum  black,  or  with  nitric  acid,  and 
by  the  oxidation — chiefly  with  dilute  chromic  acid — of  those 
homologues  of  benzene  which  contain  only  one  lateral  chain,  such 
as  methyl- benzene,  propyl-benzene,  &c.  (p.  757). 

It  may  be  produced  directly  from  benzene,  by  acting  upon  that 
compound  in  the  state  of  vapour  with  carbonyl  chloride  (phosgene 
gas)  whereby  it  is  converted  into  benzoyl  chloride,  C7H60C1,  and 
decomposing  this  chloride  with  water : 

C,Re     +     COCl2     =     HC1     4-  C7H50C1 


^<T  P  ~  w^i2  =  nu  -+- 
C7H5OCi     +     H20        =     HCl  + 


C7H50(OH). 


Fourthly,  it  is  obtained  by  boiling  hippuric  acid  (or  the  urine 
of  cows  or  horses  which  contains  that  acid)  with  hydrochloric 
acid.    The  hippuric  acid,  C9H1)N03,  which  has  the  composition  of 
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benzoyl-glycocine,  then  takes  up  a  molecule  of  water,  and  is 
resolved  into  glyeocine  (p.  681)  and  benzoic  acid : 

C2H4(C7H50)N02    +    H20    =    C2H5N02    +  C7HB02. 

This  process  is  applied  to  the  preparation  of  benzoic  acid  on  the 
large  scale. 

Benzoic  acid  is  also  produced  by  the  oxidation  of  a  great  variety 
of  organic  bodies,  as  cumene,  cinnamic  aldehyde,  cinnamic  acid, 
cinnamene,  casein,  gelatin,  &c. 

Benzoic  acid  exists  ready  formed  in  large  quantity  in  several 
balsams  and  gum-resins,  especially  in  gum-benzoin,  a  resin  which 
exudes  from  the  bark  of  Styrax  benzoin,  a  tree  growing  in  Sumatra, 
Java,  Borneo,  and  Siam.  When  this  substance  is  exposed  to  a 
gentle  heat  in  a  subliming  vessel,  the  benzoic  acid  is  volatilised, 
and  may  be  condensed.  The  simplest  and  most  efficient  apparatus 
for  this  and  all  similar  operations  is  the  contrivance  of  Dr  Mohr : 
it  consists  of  a  shallow  iron  pan,  over  the 
bottom  of  which  the  substance  to  be  sub- 
limed is  thinly  spread;  a  sheet  of  bibulous 
paper,  pierced  with  a  number  of  pin-holes,  is 
then  stretched  over  the  vessel,  and  a  cap 
made  of  thick,  strong  drawing  or  cartridge 
paper,  is  secured  by  a  string  or  hoop  over  the 
whole.  The  pan  is  placed  upon  a  sand  bath, 
and  slowly  heated  to  the  requisite  tempera- 
ture ;  the  vapour  of  the  acid  condenses  in  the 
cap,  and  the  crystals  are  kept  by  the  thin 
paper  diaphragm  from  falling  back  again  into  the  pan.  Benzoic 
acid  thus  obtained  assumes  the  form  of  light,  feathery,  colourless 
crystals,  which  exhale  a  fragrant  odour,  not  belonging  to  the  acid 
itself,  but  due  to  a  small  quantity  of  volatile  oil.  A  more  pro- 
ductive method  of  preparing  the  acid  is  to  mix  the  powdered 
gum- benzoin  very  intimately  with  an  equal  weight  of  slaked  lime, 
l">il  this  mixture  with  water,  and  decompose  the  filtered  solution, 
concentrated  by  evaporation  to  a  small  bulk,  with  excess  of 
hydrochloric  acid;  the  benzoic  acid  crystalh'ses  out  on  cooling  in 
thin  plates,  which  may  be  drained  upon  a  cloth  filter,  pressed,  and 
dried  in  the  air.  By  sublimation,  which  is  then  effected  with 
trilling  loss,  the  acid  is  obtained  perfectly  white. 

Benzoic  acid  is  inodorous  when  cold,  but  acquires  a  faint  BmeU 
when  gently  warmed ;  it  melts  just  below  100°,  and  sublimes  a1 
a  temperature  a  little  above;  it  boils  at  239°,  and  emits  a  vapour 
of  the  density  of  4-27.  It  dissolves  in  about  200  parts  of  cold 
and  tr,  parts  of  boiling  water,  and  with  great  facility  in  alcohol. 
Benzoic  acid  is  not  affected  by  ordinary  nitric  acid,  even  at  boil- 
ing heat;  but  vtithfvmmg  nitric  arid  it  forms  a.  substitution-pro- 
duct.—CMjtom  also  acts  on  benzoic  acid,  forming  substitution- 
products. —  Phosphorus  pmtachloride  converts  il   into  benzoyl 
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chloride,  C7H50C1. — Benzoic  acid  dissolves  in  ordinary  strong 
sulphuric  acid,  hut  is  precipitated  unaltered  on  addition  of  water. 
By  fuming  sulphuric  acid,  however,  and  still  more  readily  by 
sulphuric  oxide,  it  is  converted  into  sulphobenzoic  acid,  C7H0SO5, 
a  bibasic  acid  to  be  described  hereafter.  By  nascent  hydrogen 
(evolved  by  sodium-amalgam)  it  is  partly  reduced  to  benzoic 
aldehyde  and  benzylic  alcohol,  and  is  partly  converted,  by 
addition  of  hydrogen,  into  hydrobenzoic  acid,  C7H10O2,  a  crys- 
talline acid  which  forms  a  crystalline  calcium  salt,  Ca(C7H902)2, 
and,  when  recrystalbsed  either  in  the  free  state  or  in  the  form  of 
calcium  salt,  is  ultimately  converted  by  oxidation  into  benzoic 
acid.  Its  ethylic  ether,  C2H6.C7H902,  has  the  odour  of  ethyl 
valerate. 

All  the  benzoates  are  more  or  less  soluble  :  they  are  easily 
formed,  either  directly  or  by  double  decomposition.  The  benzoates 
of  the  alkalis  and  of  ammonia  are  very  soluble,  and  somewhat  diffi- 
cult to  crystallise.  — Calcium  benzoate  forms  groups  of  small  colour- 
less needles,  which  require  20  parts  of  cold  water  for  solution.  The 
barium  salt  dissolves  with  difficulty  in  the  cold.  Neutral  ferric 
benzoate  is  a  soluble  compound  ;  but  the  basic  salt,  obtained  by 
neutralising  as  nearly  as  possible  with  ammonia  a  solution  of  ferric 
oxide,  and  then  adding  ammonium  benzoate,  is  quite  insoluble. 
Iron  is  sometimes  thus  separated  from  other  metals  in  quantita- 
tive analysis.  Neutral  and  basic  lead  benzoate  are  freely  soluble 
in  the  cold.  Silver  benzoate  crystallizes  in  thin  transparent  plates, 
which  blacken  on  exposure  to  bght. 

Calcium  benzoate  is  resolved  by  dry  distillation  into  calcium 
carbonate  and  benzone,  or  benzophenone,  C13H10O,  the  ketone  of 
benzoic  acid  : 

Ca"(C7H602)2    =    CaC03    +  CO(C6H.)2. 

On  the  other  hand,  benzoic  acid,  distilled  with  excess  of  lime,  is 
resolved  into  carbon  dioxide  and  benzene  : 

C7H0O2     =     C02     +  CeHc. 

Benzoic  Chloride,  or  Benzoyl  Chloride,  C'7H50C1. — This 
compound,  derived  from  benzoic  acid  by  substitution  of  chlorine 
for  hydroxyl,  is  prepared  by  the  action  of  phosphorus  pentachloride 
on  benzoic  acid  : 

C7H50(OH)  -f  PC13C12  =  POCL,  +  HC1  +  C7H60C1. 

It  is  a  colourless  liquid  of  peculiar,  disagreeable,  and  pungent 
odour;  its  density  is  1-106.  The  vapour  is  inflammable, "and 
burns  with  a  greenish  flame  ;  its  density  (referred  to  air)  is  4-9S7. 
Benzoyl  chloride  is  decomposed  slowly  by  cold  and  quickly  by 
boiling  water  into  benzoic  and  hydrocldoric  acids  :  with  an  alka- 
line hydrate,  a  benzoate  and  chloride  of  the  alkali-metal  are 
produced. 


BEKZOIC  OXIDE — CHLOROBENZOIC  ACID. 
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Benzoic  Oxide,  or  Anhydride  CMH10O3,  or  (C7H50).,0,  is 
obtained  by  the  action  of  benzoyl  chloride  on  potassium  benzoate : 

CrH50(ONa)    +    C7H50C1    =    NaCl    +  (G'7H60)20. 

Benzoyl  chloride  acts  in  like  manner  on  acetate  or  valerate  of 
sodium,  forming  aceto-benzoic  or  valero-benzoic  oxide,  either  of 
which  splits  up  on  distillation  into  acetic  or  valeric  oxide  and 
benzoic  oxide,  e.g., 


and 


CrH5OCl    +    C5H90(ONa)    =    NaCl    +    c5H90  }  0 
2  CMS>\°    =    (CrH50)20    +  (C6H0O)2O. 


Benzo-cenanthylic,  benzostearic,  benzo-angelic,  benzo-cuminic 
oxide,  and  several  others,  have  been  obtained  by  similar  processes. 

Benzoic  oxide  crystallises  in  oblique  rhombic' prisms,  meltino-  at 
42  ,  and  distilling  undecomposed  at  310°.  It  melts  in  boifino- 
water,  remaining  fluid  for  a  long  time,  but  is  ultimately  converted 
into  benzoic  acid,  and  dissolves  :  caustic  alkalis  effect  the  conver- 
sion much  more  rapidly.  With  ammonia  it  forms  ammonium 
benzoate  and  benzamide  : 

(CrH60)20    +    2NH3    =    C7H50(NH4)0    +  NH2CrH60. 

Benzoyl  Dioxide,  or  Peroxide,  C}4H10O4,  or  (C7H50)902— 
Jjrodie  obtained  this  compound  by  bringing  benzoyl  chloride  in 
contact  with  barium  dioxide  under  water  ;  the  product  when  re- 
crystallised  from  ether,  yields  large  shining  crystals  of  benzoyl 
dioxide,  which  explode  when  heated.  When  submitted  to  the 
action  of  a  boiling  solution  of  potash,  this  substance  evolves 
oxygen,  and  forms  potassium  benzoate. 


Acids  derived  from  Benzoic  Acid  by  substitution. 

Chlorobenzoic  Acid,  C7H5C102  =  C(.II„C1.  COOH,  is  obtained 
oy  creating  benzoic  acid  with  potassium  chlorate  and  hydrochloric 
acia  Acids  having  the  same  composition  are  produced  by  the 
action  of  chlorine  upon  benzoic  acid  in  sunlight,  and  by  dis- 
tilling sulphobenzoic  arid,  salicylic  acid,  or  hippiiric  arid;  with 
phosphorus  pentachloride,  and  boiling  the  distillate  will!  water. 

acid8  obtained  by  these  several  methods,  however,  differ  in 
Cnerr  properties  according  to  the  relative  positions  of  the  chlorine 
group  COjH  in  1 1„.  molecule.  Similar  isomeric  modifica- 
tions are  exhibited  by  the  bromo-,  nitro-,  and  amido-benzoic  acids. 

dIor !f?01c  ar"1  treated  with  sodium  amalgam  and  water  is 
converted  into  benzoic  acid 
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.  Bromobenzoic  Acid,  C7H5Br02,  is  formed  by  the  action  of 
bromine  on  silver  benzoate  : 

AgC7H502    +    Br2    =    AgBr    +  C7H5Br02. 
Bromine  does  not  act  on  benzoic  acid  at  ordinary  temperatures. 

Nitrobenzoic  Acid,  C7H6(N02)02,  is  obtained  by  boiling  ben- 
zoic acid  for  several  hours  with  fuming  nitric  acid ;  and  by  pro- 
longed action  of  the  fuming  nitric  acid,  or  more  readily  by  the 
action  of  a  mixture  of  nitric  and  sulphuric  acids,  dinitrobenzoic 
acid,  C7H4(N02)302!  is  produced.  Both  these  are  crystalline 
bodies,  analogous  in  most  of  their  reactions  to  benzoic  acid. 

Amidobenzoic  Acids.— Nitrobenzoic  and  dinitrobenzoic  acids 
are  reduced,  by  treatment  with  certain  reducing  agents,  as  hydrogen 
sulphide  or  ammonium  sulphide,  to  amido-benzoic  and  di- 
amidobenzoic  acids: 


C7H5(N02)02  +  3H2S 

Nitrobenzoic 
acid. 

C7H4(N02)202  +  6H2S 

Dinitrobenzoic 
acid. 


=  2H20  +  S3  +  C7H5(NH2)02 

Amidobenzoic 
acid. 

=  4H20  +  S6  +  C7H4(NH2)202 

Diamido- 
benzoic  acid. 


Both  these  are  crystalline  compounds.  Amidobenzoic  acid  is  a 
monobasic  acid,  forming  metallic  salts  and  ethers ;  diamidobenzoic 
acid,  on  the  contrary,  possesses  no  acid  properties,  but  is  rather  a 
base,  combining  readily  with  hydrochloric  and  other  acids,  and 
forming  crystalHsable  salts. 

When  amidobenzoic  acid,  C7H7N02,  is  subjected  to  the  action  of 
nitrous  acid,  two  molecules  of  it  give  up  three  atoms  of  hydrogen 
in  exchange  for  one  atom  of  nitrogen,  and  are  converted  into  a 
compound  containing  C14HnN304— that  is  to  say,  a  double  molecule 
of  amidobenzoic  acid  in  which  H3  is  replaced  by  N  : 

2C7H7N02    +    N02H    =    2H20    +  C14HnN304. 

This  substitution  of  hydrogen  for  nitrogen  was  first  observed  1  >y 
Griess,  who  has  since  shown  that  it  is  susceptible  of  very  general 
application. 

By  the  prolonged  action  of  nitrous  acid,  the  compound 
C14HUN304  is  partially  converted  into  oxybenzoic  acid,  C7H603 . 
Acetamidobenzoic  Acid,  C0HBNO3  =  C7H6[NH(C2H30)]02 

or  CfiH4NH(C2H8°)  , 

. — This  acid  is  produced  by  digesting  amido- 

COOH  .  ,  ,  , 

benzoic  acid  with  acetic  acid  at  130°-140°  in  a  sealed  tube : 


C7H„(NH2)02  +  C2H30(OH)  =  H20  +  C7Hr,[NH(C2H30)]02, 


HIPPURIC  ACID.  825 

beraafcr  ^  °Uoride  or  acetic  acid  on  z™  amido- 

Zn"(CrH6N02)2  +  2C2H30C1  =  ZnCl2  +  2C7H(i(C2H30)N02 . 

Acetamidobeuzoic  acid  is  a  white  powder,  consisting  0f  micro 
scome  crystals,  msolnble  in  cold  water  and  ether,  sHghtly  soluble 
m  boiling  water,  easily  in  boiling  alcohol.  It  is  a  monobasic 
acid,  forming  easily  soluble  salts  with  the  metals  of  the  alkalis 
and  alkaline  earths;  sparingly  soluble  salts  with  lead,  silver,  and 
zmc  By  bodmgwith  hydrochloric  or  dilute  sulphuric  acid,  it  is 
resolved  into  acetic  and  amidobenzoic  acids : 

C9H9N03    +    H20    =    C2H402    +  C7H7N02. 
Hippuric  Acid,  or  Benzamidacetic  Acid,   C9H9N03  = 

C2H4(C7H50)N02  =  C2H3^H(C7H60)]02,  or  f  H*NH^Hs0)- 

T,  •     •  -i  .        .     .  ,  COOH 

Ihis  acid,  isomeric  with  acetamidobeuzoic  acid,  is  produced  bY  the 

(%cocine)  de  0n        ZiUC  Salt  °f  amidacetic  acid 

Zn"(C2H4N02)2  +  2C7H50C1  =  ZnCl2  +  2C2H4(C7H50)N02 ; 

the  reaction  being  analogous  to  the  second  of  those  above  given 
tor  the  formation  of  acetamidobeuzoic  acid. 

Hippuric  acid  occurs,  often  in  large  quantity,  as  a  potassium  or 
sodium  salt,  m  the  urine  of  horses,  cows,  and  other  graminivorous 
animals;  m  smaller  quantity  also  in  human  urine.  It  is  pre- 
pared by  evaporating  in  a  water-bath  perfectly  fresh  cows'  urine 
U>  about  a  tenth  of  its  volume,  filtering  from  the  deposit,  and  then 
mixing  he  liquid  with  excess  of  hydrochloric  acid.  Cows'  urine 
frequently ^  deposits i  hippuric  acid  without  concentration,  when 
mixed  with  a  considerable  quantity  of  hydrochloric  acid,  in  which 
the  acid  is  less  soluble  than  in  water.  The  brown  crystalline 
mass,  which  separates  on  cooling,  is  dissolved  in  boiling  water,  and 

K LS5 a fream  °/  1chlorine  gas> untiI  the ^ 

Ught  amber  colour,  and  begins  to  smell  of  chlorine;  it  is  then 
fibred  and  left  to  cool.  The  still  impure  acid  is  re-dissolved  S 
wate:   neutralised  with  sodium  carbonate,  and  boiled  for  a  short 

n^u'T  i^n"^  ",e  hotfiltered  solution  is,  lastly, 
decomposed  by  hydrochloric  acid. 

Hippie  acid  crystallises  in  long,  slender,  milk-white,  and 
exceedingly  delicate  square  prisms,  which  have  a  slightly  bitter 
taste, melt  on  the  application  of  heat,  and  require  for  solution 
"»™  111,1  parts  ol  cold  water:  it  also  dissolves  in  hot  alcohol, 
it  nas  an  acid  reaction,  and  forms  salts  with  bases,  many  of  which 
are  crystal  usable.  Exposed  to  a  high  temperature,  bippuric  acid 
onaergoes  decomposition,  vie]  ling  benzoi  •  acid,  ammonium  ben- 
zoate,  and  benzonitrile,  will,  a  coaly  residue.    Willi  hot  oil  0f 
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vitriol,  it  gives  off  benzoic  acid :  boiling  hydrochloric  acid  converts 
it  into  benzoic  acid  and  amidacetic  acid  or  glycocme,  C2HsN02 : 

C2H4(C7H60)N02  +   H(OH)   =    C7H60(OH)   +  C2H5N02I 

just  as  acetainidobenzoic  acid  is  resolved  into  acetic  and  amido- 

benzoic  acids.  . ,    .        «■  i 

Hippuric  acid,  treated  with  nitrous  acid,  gives  off  nitrogen,  and 
is  converted  into  benzoglycollic  acid,  C9H804,  an  acid  con- 
taining the  elements  of  benzoic  and  glycoUic  (oxyacetic)  acids, 
minus  one  molecule  of  water : 

C0H9NO3    +    HN02    =    C9H804    +    H20    +  N2. 
Benzoglycollic  acid,  when  boiled  with  water,  splits  up  into  benzoic 
and  gly collie  acids : 

C9HB04    +    H20    =    C7H602    +  C2H403. 

If  in  the  preparation  of  hippuric  acid,  the  urine  be  in  the 
slightest  degree  putrid,  the  hippuric  acid  is  all  destroyed  during 
the  evaporation,  ammonia  is  disengaged  in  large  quantity,  and  the 
liquid  is  then  found  to  yield  nothing  but  benzoic  acid,  not  a  trace 
of  which  can  be  discovered  in  the  unaltered  secretion.  Complete 
putrefaction  effects  the  same  change  :  benzoic  acid  might  thus  be 
procured  to  almost  any  extent.  When  benzoic  acid  is  taken  in- 
ternally, it  is  rejected  from  the  system  in  the  state  of  hippuric 
acid,  which  is  then  found  in  the  urine.  , 

Hippuric  acid  is  monobasic,  the  formula  of  the  hippurates  oi 
monatomic  metals  being  C9H8MNOs.  Most  metallic  oxides  dis- 
solve readily  in  hippuric  acid.  The  hippurates  of  potassium, 
sodium,  and  ammonium,  are  very  soluble,  and  difbcult  to  crystal- 
lise ;  their  solutions  form  a  cream-coloured  precipitate  with  lemc 
salts,  and  white  curdy  precipitates  with  silver  nitrate  and  nier- 
curous  nitrate.  A  characteristic  reaction  ot  the  hippurates  is, 
that  when  fused  with  excess  of  potash  or  lime,  they  give  on 
ammonia  and  yield  benzene  by  distillation.  Mineral  acids  de- 
compose them,  separating  the  hippuric  acid.  _ 

Hippuric  acid  dissolves  so  abundantly  in  an  aqueous  solution  o 
sodium  phosphate,  that  this  solution  loses  its  alkaline  reaction  ami 
becomes  acid.    This  reaction  may  explain'the  acid  character  ol  the 
recent  urine  of  man  and  animals. 

Toluic  Acid,  C8H802  =  C8H70(OH).-This  formula  includes 

two  isomeric  acids,  viz. : 

Toluic  acid,  C0H4(CH3).COOH,  corresponding  to  xylyhe  alcohol, 
C  H  (CH,)  CH,,Otl,  derived  from  dimethvl-benzene  (p.  789). 

°Alpha-toluic  acid,  C0Hr>.CH2COOH,  corresponding  to  the  un- 
known alcohol,  C0H5.  CH2OH,  derived  from  ethyl-benzene. 

The  latter,  which  may  also  be  regarded  as  pheayl-acetic  acw, 
CH2(C,.H.).COOH,  admits  of  no  further  modification;  but  the 


toluic  acid.  gj in- 

former admits  of  three  isomeric  modifications,  01U10-,  meta-  an,] 
Sda600H      8  °n       relatiVe  P°Siti0nS  of  the  radWcH3 

These  three  toluic  acids  are  obtained  by  oxidising  the  corre- 
sponding modifications  of  xylene  (dimethyl-benzenefwith  dilute 
nitric  acid,  C8H10  + ;0,  =  H20  +  CsH8o/  They  ari  all  soluble 
m  water  and  crystallise  in  needles,  orthotopic  acid  melC  at 
102  ,  metatolmc  acid  at  90°-93°,  paratoluic  acid  at  175°-176° 

raratolmc  or  ordinary  toluic  acid—the  first  discovered 
and  best  known  modification-is  likewise  obtained  • 
fn"»($  the  Ponged  action  of  dilute  nitric  acid  on  cymene 
(p.  1 69),  oxalic  acid  being  formed  at  the  same  time : 

C10H14    +    08    =    C8H802    +    C2H204    +  2H.O. 
brLSene0:"117,  ^  ^  ^  °f  ^  Carbon  dioxide  on 

C7HrBr    +    Na2    +    C02    =    NaBr    +  C7H7.C02Na. 

It  is  precipitated  by  acids  from  the  solutions  of  its  salts  as  a 
white  crystalline  mass,  which  melts  at  about  175°,  and  sub  imes 
without  decomposition  in  fine  needles.  Its  chemical  reac  ion T^re 
analogous  to  those  of  benzoic  acid.    By  distillation  SSb™ 

hl.t7      '  01tSf*CjH3-COCl.    Strong  nitric  acid,  at  the  boilin* 
heat  converts  it  into  nitrotoluic  acid,  C8H-(N09)0,  w£ 
in^oducediiito  the  animal  organism,  it  is  IxcitedVtoS 
acid  C10HnNO3,  a  homologue  of  hippuric  acid, 
bereft"  CoH5-CH2C02H,  is  produced  by  boilm* 

X  8tr0Ug  P°tash-soluti°n  as  long  as  anmmnia^ 

CCH6.CH2CN    +    2H20    =    NH3    +    C6Hfl.CH2COOH . 
The  reaction  amounts  to  an  interchange  between  an  atom  of 

sasss^*-    °-<0H)=     — « 

Alphatoluic  acid  crystallises  from  boiling  water  in  broad  thin 

teKHTS ,,ke  benr  T'd :  S  has  a* odo- 

lo7  vXifrs  w  fi  V  n  11  me'tSat  7G>5°  K*v,s  off,  even  below 
ril  Kflf^  eT';e  co"ghlng-  1111(1  boUs  at  265-5°.  It 
v  ,  "  "  t,on"p;"'  lrtw,th  ^  acid,  and  wl.cn  distilled 
^  PhosphoruE ^entacUoride,  yields  alphatoluic  chloride, 
heavy  li./uid  ( '•'"•'■•^COCl,  which  passes  over  as  a  colourless 

l^^odifilatioS^fhlf^  C8Hio02=C6H3(CH3)a.CaH.- 
,  1   !'   1  'T  acid,  named  ayyhc  and  paraxyhc,  are 

tOTmed>  together  vnth  bibasic  C8H3(dH3).(CO^H)!i, 


3  P 
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by  oxidising  pseudocumene  with  dilute  nitric  acid  at  the  boil- 
ing heat.  At  the  end  of  the  reaction  a  crystalline  mass  sepa- 
rates, and  on  repeatedly  boiling  this  mass  with  water,  xylic  and 
paraxylic  acids  pass  over,  while  xylidic  acid  and  nitro-acids  remain 
behind.  The  xylic  and  paraxylic  acids  are  separated  by  the  different 
solubility  of  their  calcium  salts,  the  xylate  being  the  more  soluble 
of  the  two.  Both  acids  crystallise  in  prisms,  xylic  acid  melting 
at  120°,  paraxylic  acid  at  163°.  Xylic  acid  is  more  soluble  m 
water  than  paraxylic  acid.    Both  acids  dissolve  easily  in  alcohol. 

Alphaxylic  acid,  CGH4(CH3) . CH2C02H,  is  obtained  by 
boiling  xylyl  chloride  with  potassium  cyanide  (whereby  xylyl 
cyanide,  C8H9CN,  is  produced),  and  then  with  potash.  It  crys- 
tallises in  broad  needles,  having  a  satiny  lustre,  easily  soluble  m 
water,  and  boiling  at  42°. 

Cumic  Acid,  C10H12O2,  probably  C6H4(C3H7) .  C02H, 
homologous  with  benzoic  and  toluic  acids,  is  produced  by  oxida- 
tion of  cuminol  or  cumic  aldehyde,  C10H„O,  one  of  the  consti- 
tuents of  oil  of  cumin.  It  is  very  much  like  benzoic  acid,  is  con- 
verted by  fuming  nitric  acid  into  nitrocumic  acid,  C10HU  (N02)02, 
and  resolved,  by  distillation  with  lime,  into  carbon  dioxide  and 
cumene,  C9H12. 

Cymic  Acid,  CuH1402.— Normal  cymic  acid  is  not  known, 
but  alphacymic  acid,  probably  CflH2(CH3)3.CH2COOH,  is  pro- 
duced by  the  action  of  caustic  alkalis  on  cymyl  cyanide,  C10H13CN. 


Monatomic  Acids,  CnEbn— io02. 

The  acids  of  this  series  are  related  to  benzoic  acid  and  its 
homologues,  in  the  same  manner  as  those  of  the  acrylic  series  to 
the  fatty  acids.  Only  two  of  them,  however,  are  at  present  known, 
viz.,  cinnamic  and  atropic  acids,  both  containing  C9H802. 

CH(C7H6)" 

Cinnamic  Acid,  C9H802  =  C0HrO(OH)  =  | 

This  acid  is  produced  synthetically  :— 1.  By  heating  benzoic 
aldehyde  in  close  vessels  with  acetyl  chloride  : 

C7H60    +    C2H30C1    =    HCl    +  C9Hs02. 
2.  By  treating  potassium  benzoate  with  clilorethylideiie,  C2H3C1 
(produced  by  the  action  of  carbonyl  chloride  on  acetic  aldehyde) : 
C2H40   +    COCl2    =    HCl   +    C02   +  C2H3C1 

dIldC2H3Cl     +     KC7H602     =     KC1     +  C„H8Os. 

Cinnamic  acid  is  also  produced  by  oxidation  of  cinnamon-ji 
(cinnamic  aldehyde,  C3H80),  in  air  or  oxygen,  and  exists  ready 


CINNAM1C  ACID.  '  gjg 

formed,  together  with  benzoic  acid,  and  certain  oily  and  resinous 
substances,  in  Peru  and  Tolu  balsams,  being  doubtless  prod Z 
by  oxidation  oi  cinnyl  alcohol  or  styrone,  C0H,nO  (p  8 00)  1 \U-7 
wise  contained  therein.  It  is  easily  prepared^  mS  nut 
vensed  Toln  balsam  with  an  equal  weight  of  slaked  lime,  fiftfi 
hot,  and  decomposing  the  calcium  cinnamate  which  crystallises 
out  on  cooling,  with  hydrochloric  acid.  The  mother-limmr  con 
tarns  calcium  benzoate.  ^yu<«  con- 

The  crystals  of  cmnamic  acid  are  smaller  and  less  distinct  than 
those  of  benzoic  acid.  It  melts  at  120°,  and  boils  at  8K 
oft  a  pungent,  irritating  vapour.  It  is  much  less  soluble  in S 
than  benzoic  acid  but  dissolves  easily  in  alcohol.  It  is  oridSd 
by  nitric  acid  to  benzoic  acid  and  benzoic  aldehyde  ;  by  chremic 
acid  chiefly  to  benzoic  acid.  By  fusion  with  excess  of  potasH 
is  resolved  into  benzoic  and  acetic  acids :  P 

C9H802  +  2H20   =   CrHBOa  +   C2H4Q2  +  H2. 

tbpT^1dfC°mp0Siti0n  is  Precisel7  analogous  to  that  of  an  acid  of 
the  acrylic  series  into  two  acids  of  the° fatty  series  (p  696)  in 
fact,  cmnamic  acid  has  the  constitution  of  phenyl-acryllc  acid.' 

C(CH2)"H  C[CH(C8H6)]"H 

AoOH  dooH 

Acrylic  Cinnamic. 

Cinnamic  ackl  shaken  up  with  water  and  sodium-amalgam  takes 
up  2  atoms  of  hydrogen  and  is  converted  into  hydroofSamic 
£  acidf $ iff  2m  - C  H  0  T^^f  s^ghydrip- 
vapour,  forming  'dfbr  Zo- g ?  rfttn 'am  i  c^^C  hXT 
fftff^X^  ^  ^  Phenyl^: 
C3H3(C8H6)02   +    HC10    =  C3H4(CBHr)C10, 

™aToTu  aCid  is  ,resolved  ^  ^tfflation  with  lime  or  baryta 
£n£:Xt(P  "l)^  al0ne'int°  Cart011  "'^ 
V^eTZT'  °9^M?2  •(f°r  mon»tomic  metals),  are  very 
ffiffi     contained,  together  with  cinnamene  and  styrol 
S  '"'H  (wb',CLl  CX",leS  from  %™B  a  shrub 

iw  '  r        'T  "     Sr;il> ;  als"'  lo«etlier  ^  sl^land  other 
SSrfVf  Pt;m  a'"1  Tohl  1,aIsains>  the  V™*™  "'•  certain 
'  t,    ff0afc ST0Wln«  in  Houth  America.    It  is  obtained 
M    y  ,l,sl',l,,"«t'1'"  Dal8am  to  ^pel  Che  styrol,  then  boil- 
Ml  m  i     "l!"'""^'"1"""  carbonate  to  remove  free  cinnamic 
io,  and  kneaduig  the  spongy  residue  between  the  fingers.  Sty- 
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racin  then  runs  out  as  an  oily  liquid,  and  may  he  obtained  m 
tufts  of  beautiful  prisms  by  crystallisation  from  alcohol.  When 
distilled  with  potash,  it  is  resolved  into  cmnyl  alcohol  and  cin- 

namic  acid.  ,,.         ._   .         .  .,, 

Atropic  Acid,  C„H802,  is  a  crystalline  acid,  isomeric  with 
cinnamic  acid,  obtained,  together  with  a  basic  compound,  tropine, 
by  the  action  of  alkalis  on  atropine,  an  alkoloid  existing  mAtropa 
Belladonna  and  Datura  Stramonium: 

Cl7H23N03       =       C9H802      +  C8H15NO 

Atropine.  Atropic  acid.  Tropine. 


DIATOMIC   AND  MONOBASIC  ACIDS. 

1.  Series  CnH2n— s03. 
This  series  includes  the  following  acids,  related  to  benzoic  acid 
and  its  homologues  in  the  same  manner  as  the  lactic  acids  are 
related  to  those  of  the  acetic  series. 

Salicylic,  Oxybenzoic,  and  Paraoxybenzoic  acids,  .  C7H603 
Anisic,  Formobenzoic,  Carbocresylic,  and  Cresotic 

•  i  (  „  H  „  ( ) ,. 


acids, 

Phloretic  acid,  n  tt°  n 

Thymylcarbonic  and  Thymotic  acids,  .       .       ■  ^n^ii^i 

Salicylic,  oxybenzoic,  and  paraoxybenzoic  acids  have  the  con- 
stitution represented  by  the  formula  C6H4(OH).COOH,  the  differ- 
ence of  chemical  character  which  they  exhibit  depending  most 
probably  on  the  different  positions  of  the  groups  OH  and  WJOri 
in  the  molecule  ;  but  whether  salicylic  acid  should  be  regarded  as 
the  ortho-,  and  oxybenzoic  acid  as  the  meta-  modification,  or  the 
contrary,  is  a  point  not  yet  decided.  They  are  aU  resolved  by 
heat,  but  with  various  degrees  of  facility  mto  carbon  dioxide  and 
phenol :  CrH603  =  C02  +  C6H0O,  salicylic  acid  undergoing  the 
decomposition  easily,  and  paraoxybenzoic  acid  with  even  greater 
facility;  whereas  oxybenzoic  acid  sublimes  undecomposed  when 
slowly  heated,  and  splits  up  in  the  manner  just  mentioned  only 
when  heated  quickly. 

Salicylic  Acid  is  produced  :  1.  By  passing  carbon  dioxide  into 
phenol  containing  small  pieces  of  sodium  : 

CfiH5NaO    +    C02    =  C0H4(OH).COONa. 

Sodium-plienate.  Sodium-salicylatc. 

2.  From  salicylol,  C7H0O2,  by  oxidation  with  aqueous  chromic 
acid ;  or  by  melting  salicylol  or  salicin  with  potassium  hydrate,  W 
'which  case  hydrogen  is  evolved  : 

C7Hfl02   -f    KOH    =    C7H5K03   +  H„. 


SALICYLIC  ACID.  gfjj 

3.  Coumaric  acid,  heated  with  potassium  hydrate,  yields  potas- 
sium salicylate  and  acetate  :  1 

C8H803    +    2KOH    =    C7H6K03    +    C2H3K02    +  H2. 

4  Oil  of  wintergreen  (Gaultheria  procumbens),  which  consists  of 
acid  methyl  salicylate  is  resolved,  by  distillation  with  potash,  into 
methyl  alcohol  and  salicylic  acid  : 

CrH5(CH3)03    +    KOH    =    CH3(OH)    +  C7H6K03. 

Salicyhc  acid  crystallises  from  its  alcoholic  solution  by  spon- 
taneous evaporation  in  large  nionoclinic  prisms.  It  requires  about 
1000  parts  of  cold  water  to  dissolve  it,  but  is  much  more  soluble 
in  hot  water  and  in  alcohol.  Its  aqueous  solution  imparts  a  deep 
violet  colour  to  ferric  salts.  It  melts  at  130°,  gives  off  phenol  at 
a  higher  temperature,  and  when  heated  with  pounded  glass  or 
qmcklime,  is  completely  resolved  into  carbon  dioxide  and  phenol. 
It  is  distinguished  from  both  its  isomerides  by  its  behaviour  with 
ferric  salts,  its  very  slight  solubility  in  water,  and  its  lower  melt- 

In  its  relation  to  metals,  salicylic  acid  appears  to  be  intermediate 
between  monobasic  and  bibasic  acids.  With  the  alkali-metals  and 
silver,  it  forms  only  acid  salts  like  C7H5K03 ;  but  with  dyad 
metals  it  forms  both  acid  and  neutral  "salt!  ;  with  calcium, 

WtO  H7n'     Th^  &H*0a;O3  and  C14H10Ca"O6,  or 

^a  ^7^3)2  •    The  neutral  salts  are,  however,  much  less  easilv 
ormed  than  the  acid  salts,  being  produced  only  in  presence  of  a 
large  excess  of  base  ;  and  in  the  neutral  salicylates  of  bivalent 
metal*  such  as  C7H  Ca'O,  the  metal  appears  to  replace  one Tatom 

CO  H  gl'°Up  °H'  and  another  ^om  the  S^P 

Salicyhc  acid  having  the  constitution  represented  by  the  formula 
(in    )  Url 

8  4  \  COOH '  18  capable  of  forming  two  classes  of  acid  ethers, 

SSte       W0&T  of^e  hydroxyl  or  of  the  carboxyl  is 
i      alcohol-radical,  and  neutral  ethers  in  which  both 
these  hvdrogen-atoms  are  thus  replaced,  e.g. : 

I  CO H  W    co  c  H  C0H4  £ 

salicylate.  etliyl-salicylute. 

,.,],-,  ■  i.  W-"1  ^o2LHt1.  A  similar  compound,  containing 
n  tl  "  7  ''y  ^tilfing  crystallised  salicylic  acid  witn 
n  ill l    "i  acid!     These  compounds  are  monobasic 

acids  the  basic  hydrogen  of  which  may  l„,  replaced  by  metals 
'  feSktt  lon"in^  neutral  salicylic  ethers,  such  as 
'  7 1 1  l^tts)A>  C7^4(^H3)(C2IIr))0,,  &c.    There  is  also  an  etheue- 
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salicylic,  acid  C14H1o(C2H4)'/0(),  or  (C2H4)"(C7H503)2,  produced  by 
heating  ethene-bromide  with  silver  salicylate. 

By  heating  salicylic  acid  or  sodium  salicylate  with  acetyl- 

f  OC  H  0      ^7   4  ^  (  _ 
chloride,  acetosalicylic  acid,  C6H4<  qqV     0r  C2H3°.    }  O2 

2  H  ) 

is  obtained  as  an  oil,  which  quickly  crystallises.    A  mixture  of 

salicylic  acid  and  acetyl  chloride  heated  to  130°-140°  yields  sali- 

(W))") 

cylo-salicylic  or  disalicylic  acid,  (C7H40)"  \  03,  and  this 

■^2    )  . 

compound,  when  further  heated,  is  converted  into  tetrasalicyhc 
acid,  C28H18Oa     =    4(C7H40r  J  o6.     Lastly,  octosalicylic 

acid,  C56H34017    =    8(°7H40TJ  09,  is  obtained  by  heating 

sodium  salicylate  with  phosphorus  oxychloride. 

Oxybenzoic  Acid,  C7H603,  or  C0H4(OH).CO2H,  is  produced 
by  the  action  of  nitrous  acid  on  amidobenzoic  acid  : 

C6H4(NH2).C02H  +  NO(OH)  =  C6H4(OH).C02H  +  H20  +  N2 

Amidobenzoic  acid.  Oxybenzoic  acid. 

It  is  only  slightly  soluble  in  cold  water  or  alcohol,  but  dissolves 
easily  in  either  of  these  liquids  at  the  boiling  heat,  aid  separates 
as  a  crystalline  powder  on  cooling.  With  strong  nitric  acid  it 
forms  nitro-oxybenzoic  acid,  C7H5(N02)03,  which  is  converted  by 
ammonium  sulphide  into  amidoxybenzoic  acid,  C7H6(NH2)03. 

Para-oxybenzoic  Acid  is  produced  by  heating  anisic  acid  to 
125°-130°  with  strong  hydriodic  acid  : 

C8H803   +    HI    =    CH3I    +  C7H603. 

It  is  more  soluble  in  cold  water  than  oxybenzoic  acid,  dissolving 
in  126  parts  of  water  at  15°  :  from  a  hot  solution  it  crystallises  in 
small  distinct  monoclinic  prisms.  Its  solution  forms,  with  ferric 
chloride,  a  yellow  precipitate  insoluble  in  excess,  without  violet 
coloration.  These  characters,  as  well  as  its  behaviour  when 
heated,  distinguish  it  from  oxybenzoic  acid.  With  most  metals 
it  reacts  like  a  monobasic  acid,  its  potassium- salt  containing 
KC7H§03,  and  its  cadmium-salt  Cd"(C7H603)2 ;  but  it  appears 
also,  like  salicylic  acid,  to  form  a  barium  -  salt  containing 
Ba"C7H403. 

Anisic  Acid,  CgH803,  or  Methyl  -  paraoxybemioic  acid, 
C7Hfi(CH3)03,  is  produced  by  oxidation  of  anisic  aldehyde, 
C8H802,  in  contact  with  platinum  black,  or  by  treatment  with 
dilute  nitric  acid  (strong  nitric  acid  would  convert  it  into  nitranisic 
acid) ;  also  by  dropping  anisic  aldehyde  into  fused  potash : 
C8H802   +    KOH    =    C8H7K03   +  H2. 


ANISIC  ACID — FORMOBENZOIC  ACID.  823 

It  is  usually  prepared  by  oxidising  anise-camphor,  C10H,,O,  or  the 
crude  oils  of  anise,  fennel,  and  tarragon,  which  contain  that  com- 
pound in  solution,  with  nitric  acid.  Anisic  aldehvde  is  first  pro- 
duced, together  with  oxalic  acid,  according  to  the  equation  : 

C10H12O    +    O0    =    C8H802    +    C2H204    +  H20, 
and  subsequently  oxidised  to  anisic  acid.    This  acid  may  also  be 
produced  synthetically  by  treating  potassium  para-oxybenzoate 
with  methyl  iodide,  whereby  the  methylic  ether  of  methyl-para- 
oxybenzoic  acid  is  produced : 

C7H4K203    +    2CH3I    =    2KI    +  C7H4(CH3)03.CH3, 
and  boiling  this  compound  with  potash : 

C7H4(CH3)03.CH3  +  H20  =  CH3(OH)  +  C7H.(CH3)03. 

Ethyl-paraoxybenzoic  acid,  C7H6(C2H6)03,  may  be  reduced  in  a 
precisely  similar  manner. 

Anisic  acid  crystallises  in  brilliant  colourless  prisms,  melting  at 
175  ,  moderately  soluble  in  hot  water,  easily  in  alcohol  and  ether 
It  yields  substitution-products  with  chlorine,  bromine,  and  nitric 
acid.  .By  distillation  with  lime  or  baryta  it  is  resolved  into  carbon 
dioxide  and  anisol  or  methyl-phenol  (p.  793) : 

C8H803     =     C02     +  C7H80. 

Anisic  acid  is  monobasic,  and  most  of  its  salts  are  crystallisable. 

sai?^f°tTeSyliCiand  CfSOti,C  AcidS'  CW-Tbe  sodium- 
sals  ot  these  acids  are  formed  simultaneously  by  the  action  of 
carbon  dioxide  and  sodium  on  cresol,  C7H80.  On  treating  the 
product  with  hydrochloric  acid,  the  carbocresylic  acid  is  resolved 
into  carbon  dioxide  and  cresol,  while  the  cresotic  acid  remains 
undecomposed,  and  may  be  washed  out  with  ammonium  carbonate  ■ 
bSXwS'm11  eval50fation>  Riding  the  cresotic  acid  in  needles,' 
i  m  f  i  ■  I  6  m  £ater'  6aSlly  in  alcoho1  and  ether-  The  three 
oXT  e^f  S-TleUn°rreSp0,Kllng  modifications  of  cresotic  acid  : 
orthocresotm  acid  melting  at  114°,  paracresotic  acid  at  147°-150° 
%  168°-p°     TheV  all  form  a  deep  violet  cZ/ 

'    v  ,1 infn T  e'vn' ■  ,when  heated  With  caus^  baryta  are 
"  solved  into  carbon  dioxide  and  cresol. 

^^■lenZ0\C  riM^delic  Acid>  is  produced  by 

3°™*™S  7<'<l<;l*tter-almond  oil  to  dryness  will,  hydrochloric 

iSJ  ^V"8tilnf?,  thr  re8idue  with  ether'  which 'leaves  sal- 
a.ru  ■  ,  ,uc  undissolved,    ft  contains  the  elements  of  benzoic  acid, 

its  iormation  anneftrfl     >io  ,i.,„  V.       .  ,■      ,.  ,,    ,  ••  r    11  • 


,>„       *„,■  „  7  1  ^±x2y-'2i  I'niius  an  aiom  oi  oxygen  ;  and 

2"""'  1,1  appears  to  he  due  to  the  action  of  the  hydrochloric 
wWW  «f  >  y  i°°yamc  aci(1  of  *e  crude  bitter-almond  oil, 
whe  cl  y  that  acid  is  resolved  into  ammonia  and  formic  arid 
JJormobenzoic  acid  forms  white  crystals  soluble  in  water.    Il  i. 


824         AROMATIC  GROUP  !  DIATOMIC  ACIDS,  CI1H2n_803. 

resolved  by  oxidising  agents  into  bitter-almond  oil  (C7H0O),  and 
carbon  dioxide. 

Acids,  C9H10O3. — This  formula  includes  four  crystalline  acids, 
called  phloretic,  isophloretic,  bydrocoumaric,  and  hydroparacou- 
maric. 

Phloretic  acid  (melting  at  129°)  is  formed,  together  with  phlo- 
roglucin,  C6H0O3,  by  the  action  of  potash  on  phloretin,  C15H1406, 
a  substance  produced  by  the  action  of  potash  on  phlorizin  (p.  641) : 

C15H1405  +  H20  =  C9H10O3  +  c6h6o3; 

isophloretic  acid,  in  bike  manner,  from  isophlorizin,  a  crystalline 
substance  existing  in  the  leaves  of  the  apple-tree.  These  two 
acids  melt  at  129° ;  phloretic  acid  forms  a  green  colour  with  ferric 
chloride ;  isophloretic  acid  does  not.  Phloretic  acid  heated  with 
lime  or  baryta  is  resolved  into  carbon  dioxide  and  pblorol, 
C8H10O,  which  passes  over  as  a  brown  oil. 

Hijdrocowmaric  acid  (melting  at  82°)  exists  in  the  yellow  nieh- 
lot,  and  is  produced  synthetically  by  the  action  of  sodium-amal- 
gam on  coumarin,  C9Hc02,  in  aqueous  solution ;  hydroparacoumaric 
acid  (melting  at  125°),  in  bke  manner,  from  paracovunaric  acid, 
CuH803.  The  former  is  resolved  by  fusion  with  potash  into  acetic 
and  salicybc  acid,  the  latter  into  acetic  and  paraoxybenzoic  acid : 

C9H10O3  +  2H20  =  CfH603  +  C2H402  +  2H,. 

Another  acid,  containing  C9H10O3,  is  formed  by  the  action  of 
potash  on  the  cyano-hydrate  or  cyanhyclrin  of  anisic  alcohol, 
CgH10O2 : 

C8H8(CN)OH     +    2H20    =    NH3    +  C9H„,03 

Anisic  cyanhydrin.  Acid. 
Thyinotic  and  Thymyl-carbonic  Acids,  CuH1403,  are  pro- 
duced simultaneously  by  the  action  of  sodium  and  carbon  dioxide 
on  thymol,  C10H14O  (p.  799),  and  are  separated  in  the  same  man- 
ner as  the  homologous  compounds  carbo-cresybc  and  cresotic 
acids.  Thymotic  acid  is  a  crystalline  body,  melting  at  120°,  pro- 
ducing a  fine  blue  colour  with  ferric  chloride,  resolved  by  heat- 
ing with  baryta  into  carbon  dioxide  and  thymol. 


2.  Series  CnH2n— 10O3. 
The  only  known  acids  of  this  series  are  coumaric  and  para- 
coumaric  acids,  C9H80,,  the  former  produced  by  the  Action  of 
potash  on  coumarin,  the  odoriferous  principle  of  the  Tonka-bean  ; 
the  latter  extracted  by  ether  from  aloes  previously  exhausted  with 
dilute  sulphuric  acid.  Coumaric  acid  crystallises  in  lamina) 
melting  at  190°;  paracoumaric  acid  in  needles,  melting  at  177 - 
180°.  Their  reactions  with  melting  potash  have  just  been  men- 
tioned. 


BENZILIC  ACID. 
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3.  Series  CnH2n— 10O3. 
.Benzilic  Acid,  C14H1203.—  This  acid  is  produced  by  the  action 
of  alcoholic  potash  on  benzoin,  C14H1202,  a  polymeric  modification 
of  benzoic  aldehyde,  CrHG0,  which  remains  in  the  retort  when 
the  crude  oil  is  distilled  with  lime  or  iron-oxide  to  free  it  from 
hydrocyanic  acid;  or  on  benzile,  C14Hlf02,  a  crystalline  substance 
formed  from  benzoin  by  the  action  of  chlorine.  On  saturating 
the  alkaline  solution  with  hydrochloric  acid,  and  leaving  the 
filtered  liquid  to  cool,  benzilic  acid  separates  in  small  colourless 
transparent  crystals,  sbghtly  soluble  in  cold,  more  soluble  in 
boiling  water;  it  melts  at  120°,  and  cannot  be  volatilised  without 
decomposition.  It  dissolves  in  cold  strong  sulphuric  acid  with 
fine  carmine  colour. 


DIATOMIC  AND  BIBASIC  ACIDS. 

> 

1.  Series  CnH2n— 8O4. 

Quinon  ic  or  Quinoylic  acid,  C6H404,  is  not  actually  known, 
but  its  dichlorinated  derivative,  C6H2C1904,  is  produced  by  the 
action  of  potash  on  tetrachloroquinone,  C6C1402 .    It  is  a  crystal- 
rne  substance,  which  gives  off  water  when  heated.    It  is  bibasic 
forming  acid  and  neutral  salts. 

Orsellinic  acid,  C8H804,  and  Everninic  acid,  C„HinO„ 
perhaps  belong  to  the  same  series.  They  will  be  further  noticed 
m  the  chapter  on  Colouring  Matters. 


2.  Series  CnH2i,— 10O4 . 

COOH 


COOH  " — hibasic  acid, 


Phthalic  Acid,  C8H6O4=C0H4 

derived  from  benzene  by  substitution  ofTatoms  of  carboxyl  for 
l  atoms  of  hydrogen,  is  susceptible  of  three  isomeric  modifications, 
ortno,  meta,  and  para,  according  to  the  relative  position  of  the  two 
carboxyl  groups. 

1.  Orthophthalic,  or  simply  phthalic  acid,  also  called 
suuanc  and  Naphthalic  acid,  is  produced  by  the  action  of  nitric 
aciu  on  naphthalene,  dichloride  of  naphthalene,  alizarin,  and 
purpunn  (the  colouring  matters  of  madder) : 

00 


C14H804 

Alizarin. 
Pnrpurin. 


CioH8 
Naphthalene. 

+  2H20 


+ 


2H20 


+ 
+ 
+ 


0, 


0„ 


=  C8H0O4 

Phthalic  acid. 

=  C8Hfl04 

Phthalic  acid. 

=  C8Hfl(), 
Phthalic  acid. 


+ 
+ 
+ 


C2H204 

Oxalic  acid. 

3CZH204 

Acetic  acid. 

3(  yi2o4 

Acetic  acid. 
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It  is  usually  prepared  by  treating  naphthalene  dichloride  with 
boiling  nitric  acid  (p.  773). 

Phthalic  acid  crystallises  in  colourless  prisms,  melting  at  about 
180° ;  it  is  but  slightly  soluble  in  cold  water,  but  dissolves  freely 
in  alcohol  and  ether.  It  forms  acid  and  neutral  salts.  When 
heated,  it  loses  a  molecule  of  water,  and  leaves  phthalic  oxide, 
C8H403.  Treated  with  furning  nitric  acid,  it  yields  nitro- 
phthalic  acid,  C8H6(N02)04.  When  distilled  with  baryta  it 
gives  off  benzene : 

CgHB04    +    2BaO    =    2BaC03    +  C6H6. 

By  sodium-amalgam  it  is  converted  into  hydrophthalic  acid, 
C8H804. 

2.  Metaphthalic  or  Isophthalic  acid  is  produced  by  the 
action  of  potassium  chromate  and  sulphuric  acid  on  meta-xylene 
(p.  766),  and  separates  from  the  filtered  solution  in  slender  needles, 
which  melt  above  300°,  and  volatilise  without  blackening. 

3.  Paraphthalic  or  Terephthalic  acid  is  produced  by 
oxidation  of  para-xylene  or  methyl-toluene  : 

C0H4(CH3)2    +    06    =    2H20    +  C6H4(C02H)2 

or  of  diethyl-benzene : 

C6H4(C2H6)2  +  012  =  2C02  +  4H20  +  C6H4(C02H)2) 

also  by  the  oxidising  action  of  nitric  acid  on  cymene,  and  on 
turpentine  oil,  lemon  oil,  and  other  terpenes.  It  is  likewise 
formed  by  the  action  of  strong  aqueous  potash,  at  the  boiling  heat, 
on  phenjdene  cyanide : 

CGH4(CN)2    +    4H20    =    2NH3    +    C0H4(CO2H)2 . 

It  is  a  white,  tasteless,  crystalline  powder,  not  perceptibly  soluble 
in  water,  alcohol,  or  ether.  It  is  distinguished  from  phthalic  acid 
by  subliming  without  alteration  when  heated,  and  not  being 
resolved  into  water  and  an  anhydride.  Although  bibasic,  it  forms 
no  double  salts,  and  shows  but  little  tendency  to  form  acid  salts. 
Nearly  all  the  terephthalates  are  soluble  and  crystallisable,  and  so 
inflammable  that  they  may  be  set  on  fire  by  a  spark  from  a  flint 
and  steel,  and  burn  away  like  tinder,  emitting  the  odour  of  benzene. 

Hydrophthalic  acid,  C8H804,  produced  by  the  action  of  nascent 
hydrogen  on  phthalic  acid,  crystalbses  in  hard,  tabular,  monoelinie 
prisms,  sparingly  soluble  in  cold,  easily  in  hot  water. — Hydrotcrc- 
phthalic  acid,  produced  in  like  manner  from  terephthalic  acid,  is 
a  white  flocculent  substance,  quite  insoluble  in  water. 
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Oxysalicylic  Acid,  C7H604,  or  CcH3(OH)2 .  COOH,  is  produced 
by  bodmg  a  solution  of  lodosalicylic  acid,  C7H5I03,  with  potash. 
It  forms  highly  lustrous  needles,  soluble  in  water,  alcohol,  and 
ether.  The  aqueous  solution  is  coloured  deep  blue  by  ferric 
chloride.  The  crystallised  acid  melts  at  193°,  and  is  resolved 
between  210°  and  212°  into  carbon  dioxide  and  pyrocatechin 
together  with  hydroqumone.  The  oxysalicylates  are  very  un- 
stable. J 

There  are  three  acids  isomeric  with  oxysalicylic  acid,  viz.,  hypo- 
gallic  acid,  produced  by  the  action  of  boiling  hydriodic  acid  on 
hemipimc  acid,  C10H10O6 : 

C10H10Ofl    +    2HI    =    C7H0O4    +    2CH3I    +  C02; 

protocatechuic  acid,  produced,  together  with  oxalic  and  acetic  acids, 
by  the  action  of  melted  potash  on  piperic  acid,  C12H10O4 : 

C12H10O4  +  8H20  =  C7He04  +  C2H204  +  C2H402  +  C02  +  7H2 ; 

and  carbohydroquinonic  acid,  produced  by  a  pecubar  transforma- 
tion oi  quinic  acid. 

Eugetic  Acid,  CnH1204,  is  produced  by  the  action  of  carbon 
dioxide  and  sodium  on  eugenol  or  eugenic  acid,  C10H12O,  (oxidised 
essence  of  cloves) :  10   12  2  K 

C10HnNaO2    +    C02    =  C11H11Na04. 

It  crystallises  from  hot  aqueous  solution  in  long  colourless  prisms 
melting  at  124°  slightly  soluble  in  cold  water,  very  soluble  ii,' 
alcohol  and  ether  The  aqueous  solution  is  coloured  blue  by 
ferric  chloride.  The  acid  is  resolved  by  heat  into  carbon  dioxide 
ami  eugenic  acid. 

o  EiPMrii°  ^C-r '  Ci2?io94>  is  Produced,  together  with  piperidine, 
with'  potash         8  Fperme  (an  alkal°M  obtained  from  pepper) 

C17H10NO3    +    H20    =    C12H10O4    +  C,HUN. 

E/T!EK°2£  Capil\ary  needle8>  melting  afc  150°>  rablim- 
mg  a t  about  200°  nearly  insoluble  in  water,  easily  soluble  in 
boiling  alcohol.  When  fused  with  potassium  hydrate  it  yields 
protocatechuic  acid,  together  with  other  products.  The  piperates, 
eren  oi ^tbe  alkali-metals,  are  sparingly  soluble  in  water  the  rest 
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Dioxysalicylic  or  Gallic  Acid,  C7H0O6=C6H2(OH)3.COOH. 
— This  acid  is  produced  by  the  action  of  moist  silver  oxide  on 
dibromo-  or  di-iodosalicylic  acid  : 

C6H2Br2(OH).COOH    +    Ag20    +    H20    =    2AgBr  + 
C6H2(OH)3.COOH. 

It  exists  ready-formed  in  certain  plants,  as  sumach,  hellebore  root, 
the  acorns  of  Quercus  AZgilops,  green  and  black  tea,  and  others ; 
and  is  produced  by  the  transformation  of  gallo-tannic  acid ;  whence 
it  is  found,  together  with  the  latter,  in  old  nut-galls.  A  solution 
of  tannic  acid  in  water  exposed  to  the  air,  gradually  deposits 
crystals  of  gallic  acid,  formed  by  the  destruction  of  the  tannic 
acid.  The  simplest  method  of  preparing  gallic  acid  in  quantity  is 
to  take  powdered  nut-galls,  which,  when  fresh  and  of  good  quality, 
contain  30  or  40  per  cent,  of  tannic  acid,  with  scarcely  more  than 
a  trace  of  gallic,  mix  this  powder  with  water  to  a  thin  paste,  and 
expose  the  mixture  to  the  air  in  a  warm  situation  for  two  or  three 
months,  adding  water  from  time  to  time,  to  replace  that  lost  by 
drying  up.  The  mouldy,  dark-coloured  mass  thus  produced  may 
then  be  strongly  pressed  in  a  cloth,  and  the  solid  portion  boiled 
in  a  considerable  quantity  of  water.  The  filtered  solution  deposits 
on  cooling  abundance  of  gallic  acid,  which  may  be  drained  and 
pressed,  and  finally  purified  by  recrystallisation. 

Gallic  acid  forms  small,  feathery,  and  nearly  colourless  crystals, 
which  have  a  beautiful  silky  lustre ;  they  contain  C7H60g.  aq. ;  it 
requires  for  solution  100  parts  of  cold  and  only  3  parts  of  boding 
water ;  the  solution  has  an  acid  and  astringent  taste,  and  is 
gradually  decomposed  by  keeping.  Gallic  acid  does  not  precipi- 
tate gelatin ;  with  ferrous  salts  it  produces  no  change ;  but  with 
ferric  salts  it  forms  a  deep  bluish-black  precipitate,  which  dis- 
appears when  the  liquid  is  heated,  from  the  reduction  of  the  feme 
to  ferrous  salt  at  the  expense  of  the  gallic  acid. 

Gallic  acid  is  monobasic;  its  salts  present  but  little  interest; 
those  of  the  alkali-metals  are  soluble,  and  readily  destroyed  by 
oxidation  in  presence  of  excess  of  base,  the  solution  acquiring 
after  some  time  a  nearly  black  colour ;  the  gallates  of  most  of  the 
other  metals  are  insoluble. 

Gallic  acid  heated  to  about  215°  is  resolved  into  carbon  dioxide 
and  pyrogallol  or  pyrogallic  acid,  CflH0O3  (p.  809),  which  sublimes 
in  crystalline  plates. 

Gallic  acid  and  pyrogallic  acid  reduce  salts  of  gold  and  sdyer  to 
the  metallic  state :  it  is  on  this  property  that  their  application  m 
photography  depends. 
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When  dry  gallic  acid  is  suddenly  heated  to  249°,  or  above  it  is 
decomposed  into  carbon  dioxide,  water,  and  metagallic  acid 
L6H402  which  remains  m  the  retort  as  a  black,  shinin°-  mass' 
resembling  charcoal;  a  few  crystals  of  pyrogallic  acid  are  formed 
at  the  same  tune.  Metagallic  acid  is  insoluble  in  water  but 
dissolves  in  alkalis,  and  is  again  precipitated  as  a  black  powder  by 
the  addition  of  an  acid.  It  forms  insoluble  salts  with  lead  and 
silver.  Pyrogallic  acid,  also,  when  exposed  to  the  requisite  tem- 
perature, yields  metagallic  acid,  with  separation  of  water 


Appendix  to  Gallic  Acid. 

TANNIC    ACIDS    OR  TANNINS. 

These  substances  constitute  the  astringent  principles  of  plants 
and  are  widely  diffused,  in  one  form  or  "other,  through  tnevecS 
table  kingdom.  It  ^possible  that  there  may  be  several  distinct 
modifications  of  tannic  acid,  which  differ  among  themselves  in 
some  particulars  The  astringent  principle  of  oak-bark  and  nut- 
galls,  tor  example,  is  found  to  precipitate  ferric  salts  bluish-black 
while  that  from  the  leaves  of  the  sumach  and  tea-plant,  as  well 
as  infusions  of  the  substances  known  in  commerce  under  the 
names  ot  kino  and  catechu,  are  remarkable  for  giving  under 
smular  circumstances,  precipitates  which  have  a  tint  of  cn-een 
Ine  colour  of  a  precipitate  is,  however,  too  much  influenced 
by  external  causes  to  be  relied  upon  as  a  proof  of  essential  dif- 
ference. Moreover,  the  tannic  acid  or  acids  appear  to  be  uncrys- 
tallisable  ;  one  most  valuable  test  of  individuality  is  therefore 

feiSf  £Z  re<- Cti°n,  ^  !en'k  8aIts'  the  most  characteristic 
to  k  tW  nf  aCld  ""I1  ^6  °ther  astrinSent  infusions  referred 
to,  is  that  of  forming  insoluble  compounds  with  a  great  variety  of 

£Kt  T  W mUy  a!limal  "dHtmcea,  as  solutions  of  starch 
the  property  of  resisting  putrefaction  :  it  is  on  this  principle  that 

nro,lii1.Pf1  an  P   i  ■  mii-Z™h,  which  are  excrescences 

ri  L  V  Ie/ves.ofa  species  of  oak,  the  Quercm  mfectoria, 
by  the  picture  of  an  insect,  A  glass  vessel,  called  a  pmilntor- 
havmg  omewhat  the  figure  of  that  represented  in  fig.  163— is 
loosely  slopped  at  its  lower  extremity  6y  a  bit  of  cotton  wool, 
;l  ■'.  J«  f  ["■  wo-thirds  filled  with  powdered  Aleppo  galls.  Ether 

Pffied  m  the  aimB]  manner  by  rectification,  and  contain:  .as 

"'  invanaWy  does,  a  little  water,  is  then  poured  upon  the  powder 
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and  the  vessel  is  loosely  stopped.  The  liquid,  which  after  some  time 
collects  in  the  receiver  below,  consists  of  two  distinct 
Fig.  163.  strata  :  the  lower,  which  is  almost  colourless,  is  a  very 
strong  solution  of  nearly  pure  tannic  acid  in  water ; 
the  upper  consists  of  ether  holding  in  solution  gallic 
acid,  colouring  matter,  and  other  impurities.  The 
carefully  separated  heavy  liquid  is  placed  to  evaporate 
over  a  surface  of  oil  of  vitriol  in  the  vacuum  of  the 
air-pump.  Tannic  acid,  or  tannin,  thus  ohtained,  forms 
a  slightly  yellowish,  friahle,  porous  mass,  without  the 
slightest  tendency  to  crystallisation.  It  is  very  soluble 
in  water,  less  so  in  alcohol,  and  very  slightly  soluble 
in  ether.  It  reddens  htmus,  and  possesses  a  pure 
astringent  taste  without  bitterness. 

A  strong  solution  of  this  substance  mixed  with 
mineral  acids  gives  rise  to  precipitates  which  consist 
of  combinations  of  the  tannic  acid  with  the  acids  in 
question  ;  these  compounds  are  freely  soluble  in  pure 
water,  but  nearly  insoluble  in  acid  liquids.  Gallotannic 
acids  precipitates  albumin,  gelatin,  salts  of  the  vegeto- 
alkalis,  and  several  other  substances  :  it  forms  soluble 
compounds  with  the  alkalis,  which,  if  excess  of  base 
is  present,  rapidly  attract  oxygen,  and  become  brown 
by  destruction  of  the  acid  ;  the  gallotannates  of  barium, 
strontium,  and  calcium  are  sparingly  soluble  ;  those  of  lead  and 
antimony  are  insoluble.  Ferrous  salts  are  unchanged  by  solution 
of  gallo-tannic  acid  ;  ferric  salts,  on  the  contrary,  give  with  it  a 
deep  bluish-black  precipitate,  which  is  the  basis  of  writing-ink  : 
hence  the  value  of  an  infusion  of  tincture  of  nut-galls  as  a  test  for 
the  presence  of  iron. 

Gallotannic  acid,  when  boiled  with  acids,  assimilates  water,  and 
splits  into  glucose  and  gallic  acid  : 

C27H22Ol7    +    4H20    =    3C7He05    +  C6H1206. 

The  same  reaction  takes  place  on  heating  tannic  acid  with  a 
concentrated  solution  of  potash:  in  this  case,  however,  the  sugar 
is  further  converted  into  glucic  acid.  Nut-galls  contain  a  ferment 
which  induces  the  same  decomposition  of  tannic  acid,  exciting,  at 
the  same  time,  alcoholic  fermentation  of  the  sugar.  Gallotannic 
acid,  prepared  by  the  methods  above  mentioned,  still  contains  a 
sufficient  quantity  of  the  ferment  to  produce  this  decomposition 
when  the  acid  is  dissolved  in  water,  and  at  the  ordinary  tempera- 
ture :  it  ensues,  however,  much  more  rapidly  on  addition  of 
nut-galls.  If  this  fermentation  takes  place  in  presence  of  air.  a 
part  of  the  tannic  acid  is  converted  into  ellagic  acid,  Cl4H608. 
The  same  substance  is  found  in  the  insoluble  residue  of  woody 
fibre  and  other  matters  from  which  gallic  acid  has  been  with- 
drawn by  boiling  water ;  it  may  be  extracted  by  an  alkali, 


TANNIC  ACID.  ggj 

poUl-  by  h^ocUoi'ic  -  a  greyish  insoluble 

GaUotannic  acid  is  resolved  by  dry  distillation  into  pyiwallic 
and  metagallic  acids,  together  with  carbon  dioxide :  pyro°aillc 

C^CV     =     3C6HB03     +     CflH402     +     SCO  • 

Gallotannic.  Pyrogallic.  Metagallic.  2' 

whereas  all  those  tannins  which  turn  ferric  salts  green,  yield  bv 
1 stillation,  pyrocatechin,  CeH602  (p.  803),  which  co  £  one 
atom  of  oxygen  less  than  pyrogallic  acid.  contains  one 

JrttTl  C^°°r  °J  6*E*°*  is  a  fee%  ^id  substance 
extracted  by  hot  water  from  catechu  (cold  water  extracts  a  tannin 
much  resembling  that  obtained  from  galls).  Ca techin  w C 
pure,  crystalhses  in  fine  colourless  needles/  which  3  when 

all  il  thT  oHSS°StV7  *re\  ^  ^  Water'  b»fc  " 

precipitates  lead  acetate 'and  corro^^fubLTTh  t  ° 
silver  nitrate  on  addition  of  ammonia,  but  does  not  form  nsolnWe 
compounds  wrth  gelatin,  starch,  and 'the  vegeto-alkal L   £  stX 
a^gicolourwitHie™,,,  Catechin  when  heated  yi^ 

Japonic  and  Rubic  acids  are  formed  bv  the  action  nf  „ii™r  • 
excess  upon  catechin,  the  first  when  ft£S5i £m  °the  can 
state,  the  second  when  it  is  in  the  state  of  carbonate  JaSn 
acid  is  a  black  and  nearly  insoluble  substance,  solubl Tin  aC  s 
and  precipitated  by  acids:  it  is  perhaps  identical  !  »  I 

»K  p^'S  allie<1 10  tMmic  ,dd  lum  bMn  f™«'  - 

meTintiicTH^coiOHim?,'lopliric'  P"!1?"^  »™i  py™- 

I •  Vv .  •   0   4     ,,H^'  derived  from  mel  it  c  acid  are  nnn.lri 
basic,  their  mode  0f  formation  will  be  given  under  meSaS 


PENTATOMIC  ACIDS. 

There  is  but  one  known  acid  referrible  to  this  group,  namely  : 

Qunuc  or  Kinic  Acid,  C7H120B,  which  is ,  basic,  and  may 

F*^**  represented  by  the  formula  (C6H?)v  j  &Hi-The  cal- 

SSslfciLK  7  m  f°Unud  8ol«ti°*  *e 

obtai  1  I  I  ';'vk  hav?        separated  by  lime,  and  is  easily 

obta"*d  h  evaporation,  and  purified^  by  animal  charcoal.  From 
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the  calcium-salt  the  acid  may  be  extracted  by  decomposing  it  with 
dilute  sulphuric  acid.  The  clear  solution  evaporated  to  a  syrupy 
consistence  deposits  large,  distinct  crystals,  resembling  those  of 
tartaric  acid,  and  soluble  in  2  parts  of  water.  Quinic  acid  has  also 
been  found  in  coffee-berries  and  in  the  leaves  of  the  bilberry -bush. 

Quinic  acid  subjected  to  destructive  distillation  yields  hydro- 
quinone,  C0H6O2,  together  with  other  products;  heated  with  a 
mixture  of  manganese  dioxide  and  sulphuric  acid,  it  yields  qurnone, 
C0H4O2;  and  with  manganese  dioxide  and  hydrochloric  acid, 
various  chlorinated  derivatives  of  these  two  bodies  (p.  802). 


HEXATOMIC  ACID. 

Mellitic  Acid,  C12H6012  =  CB(C02H)B. — This  acid,  having 
the  constitution  of  benzene  in  which  all  the  six  hydrogen-atoms 
are  replaced  by  carboxyl,  occurs  as  aluminium  salt,  in  the  rare 
mineral,  called  mellite  or  honey-stone,  found  in  beds  of  lignite. 
It  is  soluble  in  water  and  alcohol,  and  crystallises  in  colourless 
needles.  It  forms  acid  and  neutral  salts  and  ethers,  whose  com- 
position may  be  illustrated  by  the  following  examples : 

Neutral.  Acid. 


C12jNH4)6012 
C12(CH3)6012 


C12(G2HS)6° 

C12Ba3  012 


12 


^12^-3^-3^12 

C12H0Cuo  0, 


'12 


C12(Al2)vi012 

Ammonium  mellitate  yields  by  distillation  paramide  and 
euchroic  acid.  The  former  is  a  white  amorphous  substance,  con- 
taining C12H3N30B  (i.e.,  tri-ammonic  mellitate,  C12H3(NH4)3012— 
6H20),  and  convertible  by  boiling  with  water  into  acid  ammonium 
mellitate.  Euchroic  acid,  C12H4N208[=C12H4(NH4)2012— 4H20], 
forms  colourless  sparingly  soluble  crystals.  In  contact  with  zinc 
and  deoxidising  agents  in  general,  it  yields  a  deep  blue  insoluble 
substance  called  euchrone. 

Acids  derived  from  Mellitic  Acid. 

MelHtic  acid  heated  with  lime  is  completely  resolved  into  carbon 
dioxide  and  benzene :  C0(CO2H)„  =  6002  -f-  C8H6 .  It  is  in  fact 
the  last  term  of  the  series  of  aromatic  acids  derived  from  benzene 
by  substitution  of  C02H  for  H — the  first  term  being  benzoic  acid 
— all  of  which  are  resolved  in  like  maimer  by  distillation  with 
lime  into  carbon  dioxide  and  benzene.  The  formulae  of  these 
acids  are  as  follows : 


C6H6(C02H) 

CBH4(C02H)., 

CoHjCCO.H), 


C6H.,(CO„H)4 

CaH(C02k)s 

CB(CO2H)0. 
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The  first  and  fifth,  and  mellitic  acid  itself,  are  not  muwrnHM  t 
isomeric  modifications;  but  the  second,  third  and  ZrfcWn  f 
admit  of  three  modifications,  accordingly  as  the  oSboSS  ' 
m  the  second  the  places  Cl  V>  n  q\°  „    \ n  occupies, 
places  (1  2  3)  (l  TS  ovh  V^'    ,  -(V4)  ;, m  the  thh'd>  the 

page  76i.) }'     (1'  2'  4'  5) ;  m  aU  twelve  ^rent  acids. 1  (See 

,uad,ihasic-a^^h^j:  Mo^c  ST 
C6H0(CO2H)e    =    H6    +    2C02    +  C6H2(C02H), 

forming  hydropiehSS?  acicl  ? H 1^  °f  ,?rb°X^ 
heated  with  strong  snlnrmnV.  i  °'  2  and  this  acid 
trimesic  acid:  P         aCld  18  mrted  into  trihasic 

CH(Co2H)4    =    H4    +    C02    +    CfiH3(C02H)3.  ' 

acid,  will  yield  hflSE  SSflfifiJ^  oSfrS^  8U,lphu?C 
latter  may  be  obtained  mnZ  rtli  %  I  '  ^H/CO  H  ;  but  the 
prehnitic  acid  °re  b^  Seating  hydro- 

basic  acid.  7  Se  £  li  \"g  ^  th,e  Sexbasic  to  «">  niono- 
acid,  C6H2(CO  1        '    ,  Wh"'.' ,  h(;atwl  ^8  pyromellitic 

°HHfl(C02H)'    which     h.  i  tydropyromellitic  acid, 

pelcfs  trlmTllTtic  acid  C  H$n  ^  8*1Uric  aoi<j 
Utac  acid;  and  this  11  3  ,¥«'  isomeric  with  hemunel- 

1^xs^Sr^^^ ""  l,I""KC'" 


may  be. 

1 

3  0 
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Ortlio-series.  Meta-series.  Pava-senes. 

12  3  4  5  6 
GB(C02H)6      Mellitic  acid. 

1  2  3  4  5 
CBH(C02H)5  Unknown. 

1  2  3  4  1  2  3  5  i2  4  5  ir.  H 

C6H2(C02H)4  Mellophanic  acid.  Prehmtic.       Pyromellitic  acid. 

12  3  12  4  13  5 

C.H3(CO.,H)3  Heinimellitic  acid.  Trimesic  acid.  Tnmellitic  acid. 

3      2       1  2  13  14 

C0H4(CO2H)2  Phtlialic  acid.        Isophthalic  Terephthalicacid. 

1  acid. 
O0H5CO2H     Benzoic  acid. 


AROMATIC  SULPHO- ACIDS. 

Sulphobenzoic  Acid,  CGH4(S03H).  C02H,  is  produced  by  the 
action  of  sulphuric  oxide  on  benzoic  acid,  also  togeth erwith  disul- 
phobenzoic  or  phenylene-sulphurous  acid,  ^H^bUjli^, 
by  that  of  fuming  sulphuric  acid  on  benzonitrile  or  phenyl 
cyanide,  C6H5CN.    Both  these  acids  are  bibasic. 

Sulphobenzolic,  or  Phenyl-sulphurous  Acid,  C6H5(S03H), 
is  formed,  together  with  sulpho-henzide,  C12H10SO2,  by  the  action 
of  sulphuric  oxide  on  benzene.  On  mixing  the  resultmg  liquid 
with  a  large  quantity  of  water,  the  sulphobenzide  is  precipitated 
as  a  crystalline  powder,  while  sulpbobenzolic  acid  remains  m 
solution,  and  may  be  obtained  in  the  crystalline  form  by  convert- 
ing it  into  a  copper-salt,  decomposing  the  latter  with  hydrogen 
sulphide,  and  evaporating.  It  is  monobasic,  and  forms  soluble 
salts  with  the  alkab-metals,  barium,  iron,  copper,  and  sdver.  By 
the  prolonged  action  of  fuming  sulphuric  acid,  it  is  converted  into 
disulphobenzolic  acid. 

Sulphonaphthalic  Acid,  C10H7(SO3H),  and  Disulphonaph- 
thalic  Acid,  C10Hfl(SO3H)„  are  produced  by  melting  naphthalene 
with  strong  sulphuric  acid  or  sulphuric  oxide.  On  neutralising 
the  aqueous  solution  of  the  product  with  barium  carbonate,  con- 
centrating and  adding  alcohol,  the  disulphonaphthalate  oi  barium 
is  precipitated,  while  the  sulphonaphthalate  remains  dissolved. 
By  usin"  a  large  excess  of  sulphuric  acid,  and  applying  a  strong 
heat  nearly  the  whole  of  the  naphthalene  is  converted  into  disuJ| 
phonaphthalic  acid.  Both  these  acids  are  crystalline,  and  form 
soluble  and  crystallisable  salts. 
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AROMATIC  ALDEHYDES. 

1.  MONATOMIC. 

Four  aldehydes  are  known,  belonging  to  the  series  CnH.„  80 
ronesponcling  to  benzoic  acid  and  its  homologies,  viz. :  ' 

Benzoic  Aldehyde,  C7H..O 
Toluic  Aldehyde,  Csh'o 
Cumic  Aldehyde,  C10H,,O 
Sycocerylic  Aldehyde,     C18H280 , 

and  one  belonging  to  the  series  CnH2n_i0O,  viz. : 
Cinnamic  Aldehyde,     CrH40 . 

oflSe^rtv^K68  f-^.^/^e  general  reactions  as  those 

CHeCHOC  ^enh5?e'^Bitter-almond  0il>  CrHfO  = 
b6M5. LHO  =  CrH?0.  H.— This  compound  is  produced— 1  the 
oxidation  of  amygdalin  with  nitric  'acid.  2.  By  Es  tin- bitter 
almonds  with  water  for  five  or  six  hours  at  30°-5o°°  The 
■synaptase  present  then  acts  as  a  ferment  on  the  amygdalin  con 

iTj  6™t0/UC°"e>  nTT  aldeh^le'  and  VdrSyank  ac  d 
see  p.  639)     Benzoic  aldehyde  is  prepared  by  this  process  hi 
large  quantities  chiefly  for  use  in  perfumery.    It  doe?  not  pre 
exist  in  the  almonds,  for  the  fat  oil  obtained  from  themX 

dna/lTIil.  wCh)"1»  ™  f°-med'  t^etbcr  ™'h  ""any  other  pro. 
I     .  V  ad„  nn"  '"'      "  ',"•-"""•">  mangance  dioide  and™!- 

4  P.  t    »ll""n'">  casein,  and  gelatin, 

benzoyl :  "     "mt  hyb<VP>  on  chloride  or  cyanide  of 

CrHfiOCl     +     h2     =     HC1     +  CrH0O. 
Hwh  .,,,1  ii,  i     '  Peou.liar>  very  agreeable  odour:  ts  density  is 

rfwtotSSSS  |MII",I,IH0°:    80lublein  a1  t30 p«* 

Exposed  til  lli  -i'  81  proportions  with  alcohol  and  ether, 
wpoaed  to  the  arr,  ,t  greedify  absorbs  oxygen,  and  is  converted: 
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into  a  mass  of  crystallised  benzoic  acid.    Heated  with  solid 

i^r^Le  it  gives  ^h^^sjjtisnr 

benzoate.  With  the  ^n^Me^nd 
tallme  compounds,    the  vapour  01  tuc  doubtful 

fet3^d?TaS'with  .odium  b  converted 

in^^b^llffioi,  C7H80.    With  jftoqftoru.  jantacfctorufe  it 
yields  benzylene  chloride,  C7HaCl2: 

CrH60     +     PC15     =     PCI3O     +  C7H6C12- 
Ammonia  converts  it  into  hydrobenzaniide,  a  white  crystal- 
liiTeuS  hoTy,  which,  when  boiled  with  aqueous  potash,  is 
inverted  into  an  isomeric  basic  compound  called  .marine : 

3C7H60    +   2NH3    =    (C7H6)"3N2   +  3H20. 

Tleie  Aldehyde,  C8HtO,  is  F^^XSf^'d 

L4'C8H  AT  With  alcoholic  potash  it  forms  potassium  toluate 
and  xylyl  alcohol : 

2C8H80  +  KOH  =  C8H7K02  +  C8H10O. 
Cumic  Aldehyde,  C10H12O,  exists,  toge^  with  c^eg 
0  TT  in  the  essential  oil  of  cumin,  and  m  thai,  oi  water-nemiocK 
^1)  a^f  may  be  obtained  by  agitating  etfhe^f  he  e 
oils  with  acid  sodium  sulphite  which  ^Sl^/cXoml 
hyde,  but  not  the  cymene,  and  forms  \  crysta^e  comp ouncg 
from  which  the  aldehyde  may  be  b^^.S^S^  Uo3 
potash.  Cumic  aldehyde  is  a  colourless  ™  £Q 
having  a  powerful  odour,  and  is  easily  oxidised  m  the  air  so  ma 
lt  must  hi  distilled  in  a  current  0  carbonic  1 acid  gas  It  is  con 
verted  into  cumic  acid,  C10H12O2,  by  oxidatior  and  bj  alcoiiou 
potash  into  potassium  cumate  and  cymyl  alcohol,  O10ii14u. 
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constitutes  the  essential  part  of  the  volatile  oils  of  cinnamon  and 
cassia,  which  are  obtained  from  the  hark  of  different  trees  of  the 
genus  Cinnamomum,  order  Lauracece — viz.,  oil  of  cinnamon  from 
Ceylon  cinnamon,  and  od  of  cassia  from  Chinese  cinnamon.  The 
aldehyde  may  he  separated  from  these  oils  by  means  of  acid 
potassium  sulphite.  It  is  a  colourless  oil,  rather  heavier  than 
water :  may  be  distilled  without  alteration  in  a  vacuum,  or  with 
de-aerated  water ;  but  absorbs  oxygen  quickly  on  exposure  to  the 
air,  and  passes  into  chmamic  acid.  When  fused  with  potash,  it 
forms  potassium  cinnamate,  and  gives  off  hydrogen : 

C9HsO    +    KOH    =    C0H7KO2    +  H2. 

Ammonia  gas  converts  it  into  hydrocinnamide : 

3C9H80    +    2NH3    =    (C9H8)"3N2    +  3H20. 

Camphor,  or  Laurel  Camphor,  has  the  composition,  C10H10O, 
which  is  that  of  the  aldehyde  of  camphol,  C10H18O  (p.  800) ;  but  its 
properties  are  not  those  of  an  aldehyde,  inasmuch  as  it  does  not 
unite  with  alkaline  bisulphites  or  with  aniline,  and  when  fused  with 
potash,  does  not  give  off  hydrogen  and  form  the  potassium-salt 
of  the  corresponding  acid,  hut  unites  directly  with  the  alkali, 
forming  potassium  campholate,  C10H17KO2 .  It  may,  however,  be 
conveniently  described  in  this  place. 

Camphor  is  obtained  by  distilling  with  water  the  wood  of 
the  camphor-tree  (Laurus  Camphora).  When  pure  it  forms  a 
solid,  white,  crystalline,  translucent  mass,  tough,  and  difficult  to 
powder,  and  having  a  powerful  and  well-known  odour.  It  melts 
when  gently  heated,  and  boils,  ctistdling  unchanged  at  a  high 
temperature.  It  sublimes  slowly  at  the  'temperature  of  the  air, 
and  often  forms  beautiful  crystals  on  the  sides  of  bottles  or  jars 
containing  it  and  exposed  to  light.  Camphor  is  very  sparingly 
soluble  in  water,  but  readily  soluble  in  alcohol,  ether,  and  strong 
arctic  acid.  Small  pieces  of  it  thrown  upon  water  revolve  and 
move  about  on  the  surface,  with  more  or  less  velocity  in  propor- 
tion to  their  smallness. 

Common  camphor  exerts  a  dextro-rotatory  action  on  polarised 
light  [«]  -  -f  47-4°;  but  by  distilling  the  essential  oil  of  feverfew 
(I'lirdhrum  Parthenium),  and  collecting  apart  the  portion  which 
passes  over  between  200°  and  220°,  an  oil  is  obtained,  which,  on 
cooling,  deposits  a  crystalline  substance  resembling  common 
camphor  m  every  respect,  except  that  its  action  on  polarised  light 
is  exactly  equal  and  opposite:  [*]  =  -  47-4°.  The  essential  oils 
"f  many  labiate  plants,  as  rosemary,  marjoram,  lavender,  and 
sage,  often  deposit  a  substance  having  the  composition  and  all  the 
properties  ol  common  camphor,  excepting  that  it  is  inactive  to 
polarised  light.  ° 

By  the  action  of  hot  nitric  acid,  camphor  is  gradually  oxidised 
and  dissolved,  with  production  of  camphoric  acid,  C10HMO4. 


838 


AROMATIC  GROUP  :  ALDEHYDES. 


This  acid  forms  small  colourless  needles  or  plates,  of  acid  and 
bitter  taste,  sparingly  soluble  in  cold  water.  It  melts  when 
heated,  and  yields  by  distillation  a  colourless,  crystalline,  neutral 
substance,  consisting  of  camphoric  oxide  or  anhydride, 
C10H14O3 .  Calcium  camphorate  when  distilled  yields  a  volatile 
oil  consisting  of  ph  or  one,  C9H140,  the  ketone  of  camphoric  acid : 

C10H14CaO4    =    CaC03    +  C9H140. 

Camphor  heated  with  alcoholic  soda-solution  in  sealed  tubes  to 
170°-180°,  is  resolved  into  camphol,  C10H18O,  and  camphic 
acid,  C10H16O2 : 

2C10H16O    +    H20    =    C10H18O    +  Cl0H10O2. 

Camphol  has  been  already  described  (p.  801). 

Camphic  acid  is  obtained  by  neutralising  the  alkaline  solution 
with  sulphuric  acid,  dissolving  out  the  sodium  camphate  with 
alcohol,  evaporating,  and  again  adding  sulphuric  acid — as  a  solid 
mass,  heavier  than  water,  insoluble  therein,  easily  soluble  in 
alcohol.  Its  potassium  and  sodium  salts  are  insoluble  in  strong 
alkaline  leys.  They  precipitate  the  salts  of  copper,  iron,  silver, 
and  zinc,  not  those  of  the  alkali-metals ;  all  the  precipitates  are 
soluble  in  a  large  quantity  of  water. 


2.  Aldehydes  derived  prom  Diatomic  Aromatic  Alcohols. 

Salicylic  Aldehyde,  or  Salicylol,    C7  H6  02  = 

C6H50 .  CHO  ;  also  called  salicylous  acid,  and  hydride  of  salicyl. — 
This  compound  is  produced  by  oxidising  the  corresponding  alcohol, 
saligenin,  C7H802,  with  potassium  chromate  and  dilute  sulphuric 
acid.  As  salicin  (641)  is  a  glucoside  of  saligenin,  and  populiu 
has  the  composition  of  benzoyl-salicin,  salicylol  may  likewise  be 
formed  from  these  bodies  by  the  action  of  oxidising  agents  ;  it 
may  be  conveniently  prepared  by  treating  salicin,  or  the  concen- 
trated extract  of  willow-bark,  with  chromic  acid.  One  part  of 
salicin  is  dissolved  in  10  parts  of  water,  and  mixed  in  a  retort 
with  1  part  of  powdered  potassium  dichromate  and  2i  parts  of  oil 
of  vitriol  diluted  with  10  parts  of  water  ;  gentle  heat  is  applied, 
and  after  the  cessation  of  the  effervescence  first  produced,  the 
mixture  is  distilled.  The  yellow  oily  product  is  separated  from 
the  water,  and  purified  by  rectification  from  calcium  chloride. 
Salicylol  exists  ready  formed  in  the  flowers  of  meadow-sweet 
{Spiraea  ulmaria),  and  may  be  obtained,  together  with  a  terpene, 
by  distilling  the  flowers  with  water.  On  neutralising  the  distil- 
late with  potash,  boibng  to  expel  the  hydrocarbon,  slightly  super- 
saturating the  residue  with  phosphoric  acid,  and  distilling,  sali- 
cylol passes  over,  and  may  be  purified  by  agitating  the  distillate 
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■\utli  ether,  treating  the  decanted  ethereal  solution  with  potash, 
supersaturating  with  phosphoric  acid,  and  redistilling. 

Salicylol  is  a  thin,  colourless,  fragrant  oil,  acquiring  a  red  tint 
by  exposure  to  the  air.  It  has  a  specific  gravity  of  1*173,  solidities 
at  -20°,  boils  at  196'5°,  and  burns  when  set  on  fire  with  a  bright 
smoky  flame.  Water  dissolves  a  perceptible  quantity  of  salicylol, 
acquiring  its  fragrant  odour,  and  the  property  (likewise  exhibited 
by  salicylic  acid)  of  producing  a  deep  violet  colour  with  ferric 
salts.    Alcohol  and  ether  dissolve  it  in  all  proportions. 

Salicylol  is  oxidised  to  sabcylic  acid  by  boiling  with  cupric  oxide 
in  alkaline  solution,  partially  also  by  potassium  dichromate  and 
sulphuric  acid  ;  it  likewise  reduces  silver  oxide.  When  heated 
with  jiotassium  hydrate,  it  is  converted  into  potassium  salicylate, 
with  evolution  of  hydrogen  : 

C7H0O2    +    KOH    =    C7H5K03    +  H2. 

By  nascent  hydrogen  it  is  converted  into  saligenin,  C7Hs02 ;  by 
ammonia  into  hydrosaUcylamide  : 

3C7H0O2    +    2NH3    =    3H20    +  C21H1803N2. 

Salicylol  decomposes  alkaline  carbonates,  and  dissolves  in  caustic 
alkalis,  forming  yellow  crystallisable  salts  ;  the  sodium-salt,  for 
example,  having  the  composition  C7H5Na02 .  This  salt  and  the 
corresponding  potassium  and  ammonium-compounds,  are  soluble 
in  water,  and  by  treating  their  solutions  with  salts  of  barium, 
copper,  lead,  silver,  &c,  insoluble  metallic  derivatives  of  salicylol 
are  precipitated.  These  compounds  are  commonly  called  sali- 
cylites,  salicylol  itself  being  called  salicy]ous  acid;  but  it  is 
better  to  designate  them  as  sodium-salicylol,  copper-salicylol,  &c. 
inasmuch  as  the  metal  contained  in  them  does  not  appear  to 
occupy  the  same  place  as  in  the  salt  of  an  ordinary  acid,  but 
rather  to  lake  the  place  of  an  atom  of  hydrogen  belonging  to  the 
phenyl  group  in  the  molecule  of  salicylol,  C0HflO.CHO,"so  that 
sodhtm-salicylol  consists  of  C(1H4NaO.CHO.  This  salt,  treated 
with  methyl-iodide,  yields  sodium  iodide  and  methyl-sal  icy  lol, 
( !6H4(CH3)O.CHO,  a  compound  exhibiting  properties  analogous  to 
those  of  salicylol  itself.  Ethyl-salicylol,  C0H4(C,H5)<.U.'ilO. 
is  obtained  in  a  similar  manner.  Ammonia  acts  upon  these  com- 
pounds in  the  same  manner  as  on  salicylol,  converting  them  into 
methyl -hydrosalicylamide,  CaH17(CH3)08N„,  and  ethyl  -  hytlro- 
iSaUcylaxnide,CaHir(02H6)Osl^. 

Salicylol  is  strongly  attacked  by  chbrvne  and  Iromine,  forming 
substitution -products,  namely,  chlorosalicylol,  C7H5C102,  and 
bromo-salicylol,  C7H6Br02,  both  of  which  are  crystalline  bodies 
possessing  arid  properties.  Iodine  dissolves  in  it,  but  does  no1 
form  a.  substitution-product.  Moderately  strong  nitric  add  con- 
verts it,  into  nitro-sallcylol,  C7H6(N02)02,  which  is  also  crystalline, 
ami  forms  crystallisable  salts.    Chlorosalicylol  is  acted  upon  by 
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ammonia  in  the  same  manner  as  salicylol,  forming  chlorohydro- 
salicylamide,  or  chlorosamide,  C21H15C1303N2 . 

Methyl-salicylol  and  ethyl-salicylol  are  also  attacked  by  chlorine 
and  bromine,  forming  substitution-derivatives  similar  to  those  of 
salicylol  itself,  e.g.,  methyl-bromosalicylol,  C7H4(CH3)Br02 . 

Salicylol  and  all  its  substitution-derivatives  above  mentioned, 
form  crystalline  compounds  with  acid  sulphites  of  alkali-metals. 

Salicylol  unites  with  acetic  oxide  or  anhydride,  forming  the 
crystalline  compound  CnH1205  =  C7H602.(C,H30)20.  Acetic 
oxide  forms  similar  compounds  with  methyl-  and  ethyl- 
salicylol. 

Sodium-salicylol,  treated  with  acetic  oxide,  forms  sodium  acetate 
and  aceto-salicylol : 

C8H4NaO.CHO  +  (C.2H30)20  =  NaOC2H30  +  C6H4(C2H30)O.CHO. 

This  compound  has  the  same  composition  as  coiunaric  acid,  C9H803 
(p.  824)  ;  but  to  obtain  it-  by  the  reaction  above  mentioned  certain 
precautions  are  necessary.  The  acetic  oxide  must  be  added  to 
powdered  anhydrous  soclium-salicylol  suspended  in  pure  dry  ether, 
the  reagents  being  employed  in  equivalent  quantities  ;  and  after 
the  whole  has  stood  for  twenty-four  hours,  the  ethereal  liquid 
must  be  filtered  off  from  the  sodium  acetate,  then  evaporated,  and 
the  crystalline  cake  which  separates  on  cooling,  purified  by  pres- 
sure between  bibulous  paper,  and  crystallisation  from  alcohol. 
Acetosalicylol  thus  prepared  melts  at  37°,  boils  at  about  253°,  and 
distils  without  decomposition.  It  is  an  aldehyde,  like  salicylol 
itself,  aDd  forms  definite  compounds  with  alkaline  bisulphites. 
It  is  decomposed  by  alcoholic  potash,  with  formation  of  potassium 
acetate  and  potassiuni-salicylol : 

C6H4(C2H30)O.CHO  +  2KOH  =  C0H4KO.CHO  +  C2H3K02  +  H„0 . 

Acetosalicylol  likewise  unites  directly  with  acetic  oxide. 

If  the  product  of  the  action  of  acetic  oxide  on  salicylol,  instead 
of  being  treated  in  the  manner  above  described,  be  poured  into 
water  after  a  few  minutes'  boiling,  an  oily  liquid  sinks  to  the 
bottom,  and  sodium-acetate  remains  in  solution  ;  and  on  distilling 
this  oil,  and  collecting  apart  that  which  passes  over  after  the  tem- 
perature has  risen  to  290°,  a  crystalline  substance  is  obtained, 
having  the  composition  of  acetosalicylol  minus  one  molecule  of 
water;  this  substance  is  identical  in  every  respect  with  natural 
coumarin,  C0H0O2.  The  dehydration  of  the  acetosalicylol 
appears  to  be  due  to  the  action  of  the  sodium  acetate,  perhaps  to  the 
formation  of  an  anhydroacetate  of  sodium,  2C2H3Na02 .  C4Hc03, 
analogous  to  potassium  anhydrosulphate  (p.  32b"),  which  appears 
to  exert  a  more  powerful  dehydrating  action  than  acetic  oxide 
itself. 

Coumarin  thus  obtained  has  lost  the  properties  of  an  aldehyde, 
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no  longer  uniting  with  alkaline  bisulphites  ;  it  differs  also  from 
acetosalicylol  in  not  being  split  up  into  acetic  acid  and  salicylol 
by  the  action  of  strong  potash,  but  simply  taking  up  an  atom  of 
water  and  being  converted  into  coumaric  acid. 

Coumarin,  as  already  observed,  is  the  odoriferous  principle  of 
the  Tonka  bean.    It  may  be  often  seen,  forming  minute,  colour- 
less crystals  under  the  skin  of  the  seed,  and  between  the  coty- 
ledons.   It  is  best  extracted  by  macerating  the  sliced  beans  in 
hot  alcohol,  and,  after  straining  through  cloth,  distilling  off  the 
greater  part  of  the  spirit.    The  syrupy  residue  deposits,  on  stand- 
ing, crystals  of  coumarin,  which  must  be  purified  by  pressure  from 
a  fat  oil  which  abounds  in  the  beans,  and  then  crystallised  from 
hot  water.  So  obtained,  coumarin  forms  slender,  brilliant,  colour- 
less needles,  fusible  at  about  67°,  boiling  between  290°  and  291°, 
and  distilling  without  decomposition  at  a  higher  temperature.  It 
has  a  fragrant  odour  and  burning  taste  ;  is  very  slightly  soluble 
m  cold  water,  more  soluble  in  hot  water,  and  in  alcohol.    It  is 
unaffected  by  dilute  acids  or  alkalis,  which  merely  dissolve  it 
Boiling  nitric  acid  converts  it  into  picric  acid,  and  a  hot  concen- 
trated solution  of  potash  converts  it  into  coumaric  acid,  G„H„0, 
and  eventually  into  salicylic  acid.    Comnarin  exists  in  several 
other  plants,  as  in  Melilotus  officinalis,  Asperula  odorata,  and  An- 
thoxanthum  odoratum. 

By  acting  on  sodium-salicylol  with  butyric  and  valeric  oxides 
homologues  of  coumarin  are  obtained,  viz.,  butyric  comnarin' 
^ii-Hio^  an(l  valeric  coumarin,  C12H1202. 

Anisic  Aldehyde,  C8H802,  also  called  Anisal  and  Hydride 
of  Amsyl,  is  formed,  together  with  anisic  acid,  by  oxidation  of 
anisic  alcohol,  C8H10O2,  with  platinum  -  black,  or  of  anise  oil, 
^lo-n-rP)  W1t<h  warm  nitric  acid  : 

C10H12O    +    08    =    C8H802    +    C2H204    +  H20. 

It  is  a  yellowish  liquid,  having  an  aromatic  odour  and  a  burning 
taste,  nearly  insoluble  in  water,  but  soluble  in  all  proportions  in 
alcohol  and  ether.  It  is  converted  by  oxidation  into  anisic  acid, 
pM8U3'  by  nascent  hydrogen  into  anisic  alcohol,  CRH,n09,  and 
forms  crystalline  compounds  with  alkaline  bisulphites.  Ammonia 
converts  it  into  anishydramide,  G^fi^S,  By  alcoholic  potash 
it  is  decomposed  m  the  same  manner  as  benzoic  aldehyde,  yield- 
ing potassium  anisate  and  anisic  alcohol : 

2C8H802     +     KOH     =    C8HyK03    +  C8H1(,02. 

Oil  of  amseia  a  solution  of  a  solid  substance  called  anise- 
camphor,  having  the  composition  C10H12O,  in  a  Buid  oil  which 
appears  to  have  the  composition  of  oil  of  turpentine.  The  anise- 
camphor  is  so  abundant  as  to  cause  the  whole  to  solidify  at  L0°. 
By  pressure  between  folds  of  bibulous  paper,  and  crystallisation 
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from  alcohol,  the  camphor  may  he  obtained  pure.  It  forms  colour- 
less pearly  plates,  more  fragrant  than  the  crude  oil,  which  melt 
when  gently  heated,  and  distil  at  a  high  temperature.  This  sub- 
stance is  attacked  energetically  hy  chlorine,  bromine,  and  nitric 
acid  •  it  combines  with  hydrochloric  acid,  but  is  unaffected  by 
solution  of  caustic  potash.  With  bromine  the  solid  essence  yields 
a  white,  inodorous,  crystallisable  compound,  bromanisal,  con- 
taining C10H0Br3O.  the  action  of  chlorine  is  more  complex, 
several  successive  compounds  being  produced.  With  sulphuric 
acid  two  products  are  obtained— a  compound  acid  analogous  to 
ethylsulphuric  acid,  and  a  white,  solid,  neutral  substance,  anisoin, 
isomeric  with  the  fluid  essence.  _ 

The  products  of  the  action  of  nitric  acid  on  anise-camphor  vary 
with  the  strength  of  the  acid  employed  ;  the  most  important  are 
anisic  aldehyde;  anisic  acid;  nitranisic  acid,  a  yellowish- 
white,  crystalline,  sparingly  soluble  powder  ;  and  nitraniside,  a 
resinous  body  produced  by  fuming  nitric  acid. 

Furfurol,  C6H402.— When  sulphuric  acid  diluted  with  an 
equal  bulk  of  water  is  carefully  mixed  with  twice  its  weight  of 
wheat-bran,  and  the  adhesive  pasty  mass  obtained  is  exposed  m 
a  proper  vessel  to  the  action  of  a  current  of  steam,  which  is  after- 
wards condensed  by  a  worm  or  refrigerator,  a  liquid  is  obtained 
which  holds  furfurol  in  solution.  By  redistillation  several  times 
repeated,  the  first  half  of  the  liquid  only  being  collected,  the  fur- 
furol can  be  extracted  from  the  water,  and  then  by  distillation 
alone  obtained  in  a  state  of  purity.  The  production  of  fmfurol 
is  very  greatly  increased,  and  the  operation  much  facibtated,  by 
previously  depriving  the  bran  of  all  starch,  glutin,  and  soluble 
matter,  by  steeping  it  in  cold  dilute  solution  of  caustic  potash, 
and  washing  and  drying  by  gentle  heat  or  in  the  sun.  Maceration 
in  cold  water  for  some  time  answers  the  same  purpose,  owing  to 
the  lactic  acid  formed  in  that  case.  Furfurol  has  a  pale  yellow 
colour,  and  a  fragrant  odour  like  that  of  oil  of  cassia :  its  specific 
gravity  is  1-165,  and  it  boils  at  162°,  distilling  unchanged.  It 
dissolves  in  all  proportions  in  alcohol  and  to  a  very  considerable 
extent  in  water,  and  is  readily  destroyed  by  strong  acids  and 
caustic  alkalis,  especially  when  aided  by  heat.  The  specific  gra  vity 
of  the  vapour  is  3-493.  Furfurol  may  be  converted  into  silver 
pyromucate  by  treating  its  aqueous  solution  with  silver  oxide : 

2C5H402  +   3Ag20   =   2Cf)H3Ag03   +   2Ag2  +  H20. 

Hence  furfurol  appears  to  be  the  aldehyde  of  pyromncic  acid. 
In  contact  with  solution  of  ammonia,  furfurol  is  converted  in  a 
few  hours  into  furfuramide,  C,sH1203N2,  a  yellowish-white, 
crystalline,  insoluble  substance,  which  is  decomposed  slowly  by 
water  and  instantly  by  an  acid,  into  ammonia  and  furfurol.  It 
may  be  crystallised'  from  alcohol,  however,  in  which  it  dissolves 
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without  change.  When  boiled  with  dilute  potash  it  is  converted 
into  the  isomeric  compound  furf urine,  which  is  a  base  fonnin* 
definite  salts  with  acids.    (See  Organic  Bases.)  ° 

Fucusol.— By  treating  several  varieties  of  fucus  with  sulphuric 
acid  m  exactly  the  same  manner  as  in  the  preparation  of  furfurol 
Dr.  btenbouse  has  obtained  a  series  of  substances,  which  he  desig- 
nates by  the  terms  fucusol,  fucusamide,  and  fucusine.  They  have 
exactly  the  same  composition  as  the  corresponding  terms  in  the 
turfurol  series,  and  also  most  of  their  properties,  but  differ  in  some 
details. 


AROMATIC  KETONES. 

Two  only  of  these  hodies  are  known,  viz. : 

1.  Diphenyl    Ketone     Benzone     or  Benzophenone, 

^xpriioU  or  LO(C6H6)2.— This  compound,  the  ketone  of  benzoic 
acid,  is  produced  by  distilling  potassium  benzoate.  It  is  a  crystal- 
line body,  melting  at  46°,  boiling  at  315°,  and  distilling  without 
decomposition  Warm  fuming  nitric  acid  converts  it  into  dinitro- 
benzone,  C13H8(N02)20. 

2  j  Jg^'P^y1  ketone  or  Acetophenone,  08HsO  = 
C0  I  C'Brf5  This  ketone,  which  has  lately  acquired  great  import- 
ance, is  formed  by  distilling  a  mixture  of  calcium  acetate  and 
benzoate  It  boils  at  about  198°,  and  is  converted  by  fuming 
nitric  acid  into  two  isomeric  nitracetophenones,  C„hV(NO„)0° 
one  crystalline,  the  other  syrupy.  Now,  when  the  syrupy  modi- 
fication dissolved  m  chloroform  is  made  up  into  a  piste  with 
40  or  50  parts  of  a  mixture  of  1  part  soda-lime  and  9  parts  zinc 
dust,  it  gives  up  2  molecules  of  water  and  2  atoms  of  oxygen  and 
is  converted  into  indigo-blue,  C10H10N2O., : 

NO2-C0H4-CO-CH3)  '  N-C0H4-CO-CH 

NO -OH    on    /-ITT  \-^0-02    =H  II 
HtoZiS4     0_CHa '  N-C6H4-CO-CH 

Nitiacetophenonc  (a  mols.)  T  ,. 

'  indigo. 

The  nitryl  (N02)  in  each  molecule  of  the  acetophenone  gives  up 
the  whole  of  xts  oxygen,  1  atom  of  which  is  taken  up  by  the  /.inc. 
while  the  other  unites  with  2  atoms  of  hydro-,.,,  from  the  group 
OH.„  forming  water,  which  is  removed  by  the  soda-lime.  The 
2  atoms  o  nitrogen  and  the  two  groups  CB  then  unite  together, 
I';"'1'  l,v  ,Uv"  of  affinity.    Indigo  appears  therefore  to  be 

CH-CO-CHVe       a  ki'"'  °f  k,'1'""!'  l,ilvi"K  ""> 

CBH,-00-CPI* 

l     "'j'  preparation  and  properties  of  Indigo  and  its  derivatives, 
see  iim-'  chapter  on  Colouring  Matters. 
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CYANOGEN-COMPOUNDS. 

We  have  already  mentioned  (pp.  178-300)  that  the  name  cyanogen 
is  applied  to  the  univalent  radical  CN,  derived  from  the  saturated 
molecule  C"  j  ^ ",  by  abstraction  of  hydrogen.    Cyanogen  is  a 

chlorous,  acid,  or  negative  radical,  analogous  to  chlorine,  bromine, 
and  iodine :  its  compounds  with  metals  and  other  positive  radicals 
are  called  cyanides : 


Hydrogen  cyanide,  or  Hydrocyanic  acid 
Potassium  cyanide 
Ethyl  cyanide 
Barium  cyanide 
Ethene  cyanide 
Propenyl  cyanide 


CivN"'H 
C"N"K  ' 

(C"N")2ka 
(C"N'")3C3H5)'" 


Cyanogen,  in  its  capacity  of  a  quasi-element,  is  often  represented 
by  the  symbol  Cy.  c__N 

Cyanogen  in  the  free  state,  C„N2,  or  |        ,  maybe  obtained 
J       8  '  C=N 

hy  decomposing  certain  metallic  cyanides.  Its  preparation  by 
heating  mercuric  cyanide,  and  its  physical  properties,  have  already 
been  described  (p.  178). 

In  the  preparation  of  cyanogen  from  mercuric  cyanide,  a  brown- 
ish or  blackish  substance,  called  paracyanogen,  is  always 
formed  in  small  quantity.  It  is  insoluble  in  water,  and  when 
calcined  in  a  gas  which  does  not  act  upon  it,  such  as  nitrogen  or 
carbon  dioxide,  is  completely  volatilised  in  the  form  of  cyanogen 
gas,  without  leaving  any  carbonaceous  residue :  hence  it  appears 
to  be  isomeric  or  polymeric  with  cyanogen. 

Hydrogen  Cyanide;  Hydrocyanic  or  Prussic 
Acid,  HCy— This  very  important  compound,  so  remarkable  ior 
its  poisonous  properties,  was  discovered  as  early  as^l782  by  Scheele. 

It  may  be  formulated  as  azom  ethane,  C"  j        that  is  to  say, 

methane  or  marsh-gas  having  three  of  its  hydrogen-atoms  replaced 
by  nitrogen,  or  as  methenyl  nitrile,  (CH)"'N,  that  is,  ammonia 
in  which  the  three  atoms  of  hydrogen  are  replaced  by  the  trivalent 
radical  methenyl. 
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Pure  anhydrous  hydrocyanic  acid  may  be  obtained  by  passing 
dry  sulphuretted  hydrogen  gas  over  dry  mercuric  cyanide,  gently 
heated  in  a  glass  tube  connected  with  a  small  receiver  cooled  by  a 
freezing  mixture.  It  is  a  thin,  colourless,  and  exceedingly  volatile 
liquid,  which  has  a  density  of  0'7058  at  7-2°,  boils  at  26-1°,  and 
solidifies  when  cooled  to  — 18° :  its  odour  is  very  powerful  and 
most  characteristic,  much  resembling  that  of  peach-blossoms  or 
bitter-almond  oil ;  it  has  a  very  feeble  acid  reaction,  and  mixes 
with  water  and  alcohol  in  all  proportions.  In  the  anhydrous 
state  this  substance  constitutes  one  of  the  most  formidable  poisons 
known,  and  even  when  largely  diluted  with,  water,  its  effects  upon 
the  animal  system  are  exceedingly  energetic :  it  is  employed,  bow- 
ever,  in  medicine,  in  very  small  doses.  The  inhalation  of  the 
vapour  should  be  carefidly  avoided  in  all  experiments  in  which 
hydrocyanic  acid  is  concerned,  as  it  produces  headache,  giddiness, 
and  other  disagreeable  symptoms :  ammonia  and  chlorine  are  the 
best  antidotes. 

The  acid  in  its  pure  form  can  scarcely  be  preserved  :  even  when 
enclosed  in  a  carefully  stoppered  bottle,  it  is  observed  after  a  very 
short  time  to  darken,  and  eventually  to  deposit  a  black  substance 
containing  carbon,  nitrogen,  and  perhaps  hydrogen  :  ammonia  is 
formed  at  the  same  time,  and  many  other  products.  Light 
favours  this  decomposition.  Even  in  the  dilute  state  it  is  apt  to 
decompose,  becoming  brown  and  turbid,  but  not  always  with  the 
same  facility,  some  samples  resisting  change  for  a  great  length  of 
time,  and  then  solidifying  in  a  few  weeks  to  a  brown,  pasty 
mass. 

When  hydrocyanic  acid  is  mixed  with  concentrated  mineral 
acids,  hydrochloric  acid,  for  example,  the  whole  solidifies  to  a 
crystalline  paste  of  sal-ammoniac  and  formic  acid : 

CNH    +    2HaO    =    NH3    +    CH202 . 

On  the  other  hand,  when  dry  ammoniiun  formate  is  heated  to 
200°,  it  is  almost  entirely  converted  into  hydrocyanic  acid  and 
water. 

Aqueous  solution  of  hydrocyanic  acid  may  be  prepared  by 
various  means.  The  most  economical,  and  by  far  the  best,  where 
considerable  quantities  are  wanted,  is  to  decompose  yellow 
potassium  ferrocyanide  at  boiling  heat  with  dilute  sulphuric 
arid.  500  grains  of  the  powdered  ferrocyanide,  K^FeCy,,,  are 
dissolved  in  four  or  five  ounces  of  warm  water,  and  introduced 
into  a  capacious  flask  or  globe,  connected  by  a  perforated  cork  and 
wide  bent  tube  with  a  Liebig's  condenser  well  supplied  with  cold 
Water;  300  grains  of  oil  of  vitriol  are  diluted  with  three  or  four 
times  as  much  water  and  added  to  the  contents  of  the  flask  ;  and 
the  distillation  is  carried  on  till  about  half  the  liquid  has  distilled 
over,  after  which  the  process  maybe  interrupted,    The  residue  in 
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the  retort  is  a  white  or  yellow  mass,  consisting  of  potassio-ferrous 
ferrocyanide,  K2Fe2Cy6  (see  p.  853),  mixed  with  potassium  sul- 
phate : 

2K4Fe"Cy0  +  3H2S04  =  6HCy  +  K2Fe"2Cyfl  +  3K2S04 . 

When  hydrocyanic  acid  is  wanted  for  the  purposes  of  pharmacy, 
it  is  best  to  prepare  a  strong  solution  in  the  manner  above  de- 
scribed, and  then,  having  ascertained  its  exact  strength,  to  dilute 
it  with  pure  water  to  the  standard  of  the  Pharmacopoeia,  viz., 
2  per  cent,  of  real  acid.  This  examination  is  best  made  by  preci- 
pitating with  excess  of  silver  nitrate  a  known  weight  of  the  acid 
to  be  tried,  collecting  the  insoluble  silver  cyanide  upon  a  small 
filter  previously  weighed,  washing,  drying,  and  lastly  reweighiug 
the  whole.  From  the  weight  of  the  cyanide  that  of  the  hydrocyanic 
acid  can  be  easily  calculated,  a  molecule  of  the  one  (CNAg=134), 
corresponding  to  a  molecule  of  the  other  (CNH  =  27) ;  or  the 
weight  of  the  silver  cyanide  may  be  divided  by  5,  which  will  give 
a  close  approximation  to  the  truth. 

Another  very  good  method  for  determining  the  amount  of  hydro- 
cyanic acid  in  a  liquid  has  been  suggested  by  Liehig.  It  is  based 
upon  the  property  possessed  by  potassium  cyanide  of  dissolving  a 
quantity  of  silver  cyanide  sufficient  to  produce  with  it  a  double 
cyanide,  KCy.AgCy.  Hence  a  solution  of  hydrocyanic  acid, 
which  is  supersaturated  with  potash,  and  mixed  with  a  few 
drops  of  solution  of  common  salt,  will  not  yield  a  permanent 
precipitate  with  silver  nitrate  before  the  whole  of  the  hydrocyanic 
acid  is  converted  into  the  above  double  salt.  If  we  know  the 
amount  of  silver  in  a  given  volume  of  the  nitrate  solution,  it  is 
easy  to  calculate  the  quantity  of  hydrocyanic  acid :  for  this 
quantity  will  stand  to  the  amount  of  silver  in  the  nitrate  con- 
sumed, as  2  molecules  of  hydrocyanic  acid  to  1  atom  of 
silver,  i.e.: 

108  :  54  =  silver  consumed :  x. 

It  is  a  common  remark,  that  the  hydrocyanic  acid  made  from 
potassium  ferrocyanide  keeps  better  than  that  made  by  other 
means.  The  cause  of  this  is  ascribed  to  the  presence  of  a  trace 
of  mineral  acid.  Everitt  found  that  a  few  drops  of  hydrochloric 
acid,  added  to  a  large  bulk  of  the  pure  dilute  acid,  preserved  it 
from  decomposition,  while  another  portion,  not  so  treated,  became 
completely  spoiled. 

A  very  convenient  process  for  the  extemporaneous  preparation 
of  an  acid  of  definite  strength,  is  to  decompose  a  known  quantity 
of  potassium  cyanide  with  solution  of  tartaric  acid :  100  grains  of 
crystallised  tartaric  acid  in  powder,  44  grains  of  potassium  cyanide, 
and  2  measured  ounces  of  distilled  water,  shaken  up  in  a  phial 
for  a  few  seconds,  and  then  left  at  rest,  in  order  that  the  precipi- 
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tate  may  subside,  will  yield  an  acid  of  very  nearly  the  required 
strength.  A  little  alcohol  may  be  added  to  complete  the  separa- 
tion of  the  cream  of  tartar :  no  filtration  or  other  treatment  need 
be  employed. 

The  production  of  hydrocyanic  acid  from  bitter  almonds  has 
been  already  mentioned  (p.  835).  Bitter  almonds,  the  kernels  of 
plums  and  peaches,  the  seeds  of  the  apple,  the  leaves  of  the 
cherry-laurel,  and  various  other  parts  of  plants  belonging  to  the 
great  natural  order  Rosacea;,  yield  on  distillation  with  water  a 
sweet-smelling  liquid  containing  hydrocyanic  acid.  This  is  pro- 
bably due  in  all  cases  to  the  decomposition  of  amygdalin  under 
the  influence  of  emulsin  or  synaptase  present  in  the  organic 
structure  (p.  639).  Hydrocyanic  acid  exists  ready  formed  to  a 
considerable  extent  in  the  juice  of  the  bitter  cassava. 

The  presence  of  hydrocyanic  acid  is  detected  with  the  utmost 
ease :  its  remarkable  odour  and  high  degree  of  volatility  almost 
sufficiently  characterise  it.  With  solution  of  silver  nitrate  it 
gives  a  dense  curdy  white  precipitate,  much  resembling  the 
chloride,  but  differing  from  that  substance  in  not  blackening  so 
readily  by  light,  in  being  soluble  in  boiling  nitric  acid,  and  in 
suffering  complete  decomposition  when  heated  in  the  dry  state, 
metallic  silver  being  left :  the  chloride,  under  the  same  circum- 
stances, merely  fuses,  but  undergoes  no  chemical  change.  The 
production  of  Prussian  blue  by  "  Scheele's  test "  is  an  excellent 
and  most  decisive  experiment,  which  may  be  made  with  a  very 
small  quantity  of  the  acid.  The  liquid  to  be  examined  is  mixed 
with  a  few  drops  of  solution  of  ferrous  sulphate  and  an  excess  of 
caustic  potash,  and  the  whole  exposed  to  the  air  for  10  or  15 
minutes,  with  agitation,  whereby  the  ferrous  salt  is  partly  con- 
verted into  ferric  salt:  hydrochloric  acid  is  then  added  in 
excess,  which  dissolves  the  precipitated  iron  oxide,  and,  if  hydro- 
cyanic acid  is  present,  leaves  Prussian  blue  as  an  insoluble  powder. 
The  reaction  will  be  explained  in  connection  with  the  ferrocv- 
anides  (p.  853). 

_  Another  very  delicate  test  for  hydrocyanic  acid  will  be  men- 
tioned in  connectien  with  sulphocyanic  acid. 

Metallic  Cyanides.— The  most  important  of  the  metallic 
cyanides  are  the  following:  they  bear  the  most  perfect  analogy 
to  the  haloid-salts.  ° 

Potassium  Oyawide,  C'NK  or  KCy.— Potassium  heated  in  cyano- 
gen gas,  takes  fire  nud  burns  in  a  very  beautiful  manner,  yielding 
potassium  cyanide :  the  same  substance  is  produced  when  potas- 
sium is  heated  in  the  vapour  of  hydrocyanic  acid,  hydrogen  being 
liberated.  When  pure  nitrogen'  gas  'is  transmitted  through  a 
white-hQt  l  ube  containing  a  mixture  of  potassium  carbonate  and 
charcoal,  a.  small  quantity  of  potassium  cyanide  is  formed,  which 
settles  on  the  cooler  portions  of  the  tube  as  a  white  amorphous 
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powder :  carbon  monoxide  is  at  the  same  time  evolved  *  When 
azotised  organic  matter  of  any  kind,  capable  of  furnishing 
ammonia  by  destructive  distillation,  as  horn-shavings,  parings  of 
hides,  &c,  is  heated  to  redness  with  potassium  carbonate  in  a 
close  vessel,  a  very  abundant  production  of  potassium  cyanide 
results,  which  cannot,  however,  be  advantageously  extracted  by 
direct  means,  but  in  practice  is  always  converted  into  ferrocyanide, 
which  is  a  much  more  stable  substance,  and  crystallises  better. 

Potassium  cyanide  may  be  prepared  by  passing  the  vapour  of 
hydrocyanic  acid  into  a  cold  alcoholic  solution  of  potash :  the  salt 
is  then  deposited  in  the  crystalline  form,  and  may  be  separated 
from  the  liquid,  pressed  and  dried.  But  it  is  more  generally 
made  from  the  ferrocyanide,  which,  when  heated  to  whiteness  in 
a  nearly  close  vessel,  evolves  nitrogen  and  other  gases,  and  leaves 
a  mixture  of  carbon,  iron  carbide,  and  potassium  cyanide,  which 
latter  salt  is  not  decomposed  unless  the  temperature  is  excessively 
high. 

Liebig  has  given  a  very  easy  and  excellent  process  for  making 
potassium  cyanide,  which  does  not,  however,  yield  it  pure,  but 
mixed  with  potassium  cyanate.  For  most  of  the  applications  of 
potassium  cyanide,  electro-plating  and  gilding,  for  example,  for 
which  a  considerable  quantity  is  now  required,  this  impurity  is  of 
no  consequence.  Eight  parts  of  potassium  ferrocyanide  axe  ren- 
dered anhydrous  by  gentle  heat,  and  intimately  mixed  with  3  parts 
of  dry  potassium  carbonate :  this  mixture  is  thrown  into  a  red- 
hot  earthen  crucible,  and  kept  in  fusion,  with  occasional  stirring, 
until  gas  ceases  to  be  evolved,  and  the  fluid  portion  of  the  mass 
becomes  colourless.  The  crucible  is  left  at  rest  for  a  moment,  and 
then  the  clear  salt  is  decanted  from  the  heavy  black  sediment  at 
the  bottom,  which  is  principally  metallic  iron  in  a  state  of  minute 
division.    The  reaction  is  represented  by  the  equation : 

K4Fe"Cy8  +  K2C03  =  5KCy  +  KCyO  +  Fe  +  C02. 

Ferrocyanide.      Carbonate.      Cyanide.  Cyanate. 

The  product  may  be  advantageously  used,  instead  of  potassium 
ferrocyanide,  in  the  preparation  of  hydrocyanic  acid,  by  distilla- 
tion with  diluted  oil  of  vitriol. 

Potassium  cyanide  is  often  produced  in  considerable  quantity  in 
blast  furnaces  in  which  iron  ores  are  smelted  with  coal  or  coke. 

Potassium  cyanide  forms  colourless,  cubic  or  octohedral,  anhy- 
drous crystals,  deliquescent  in  the  air,  and  exceedingly  soluble  in 

1  According  to  recent  experiments  by  Margueritte  and  De  Sourdeval, 
the  formation  of  cyanide  appears  to  be  more  abundant  if  the  potash  be 
replaced  by  baryta.  If  the  barium  cyanide  thus  formed  be  exposed  to  a 
stream  of  superheated  steam  at  300°  C.  the  nitrogen  of  the  salt  is  eliminated 
in  the  form  of  ammonia.  Margueritte  and  De  Sourdeval  recommend  this 
process  as  a  method  of  preparing  ammonia  by  means  of  atmospheric 
nitrogen. 
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water  :  it  dissolves  in  boiling  alcohol,  but  separates  in  great  mea 
sure  on  cooling.  It  is  readily  fusible,  and  undergoes  no" chancre  at 
a  moderate  red  or  even  white  heat,  when  excluded  from  air  ■ 
otherwise,  oxygen  is  absorbed  and  the  cyanide  becomes  cyanate' 
its  solution  always  has  an  alkaline  reaction,  and  when  exposed  to 
the  air  exhales  the  odour  of  hydrocyanic  acid  :  it  is  decomposed  by 
the  weakest  acids,  even  the  carbonic  acid  of  the  air,  and  when 
boiled  111  a  retort  ks  slowly  converted  into  potassium  formate  with 
separation  of  ammonia.  It  is  said  to  be  as  poisonous  as  hydro- 
cyanic acid  itself.  J 

Sodium  Cyanide,  NaCy,  is  a  very  soluble  salt,  corresponding 
closely  with  the  foregoing,  and  obtained  by  similar  means 

Ammonium  Cyanide,  NH4Cy,  is  a  colourless,  crystallisable,  and 
very  volatile  substance,  prepared  by  distilling  a  mixture  of  potas 
sum  cyanide  and  sal-ammoniac;  or  by  mingling  the  vapour  of 
anhydrous  hydrocyanic  acid  with  ammoniaeal  gas;  or  lastly  by 
passing  ammonia  over  red-hot  charcoal.  It  is  very  soluble  in 
water,  subject  to  spontaneous  decomposition,  and  is  slightly 
poisonous.  '  0iiouulj 

rcmSS  2T^ '  Hf(CN)2'  or.Hg"Cy,-One  of  the  most 
S+Sr ,  r  f  t\P  °Pe  1  1 ,  °ya?°gen  18  its  Powerful  attraction  for 
certain  of  the  less  oxidable  metals,  as  silver,  and  more  particularly 
for  mercury  and  palladium.  Dilute  hydrocyanic  acid  dissolved 
J inely  powdered  mercuric  oxide  with  the  utmost  ease :  the  HmiS 

vanicfe  pSf'  ^  °Q  TO^ion  crystals  of  mercE 
cyanide.  Potassium  cyamde  is  m  like  manner  decomposed  by 
mercuric  oxide   potassium  hydrate  being  produced.  Mercuric 

f the  8,3P ST  17  PfPrd  ^m  P°taS8il™  Cyanide ;  2  pa 
of  the  salt  are  dissolved  m  15  parts  of  hot  water,  and  3  parts 
of  dry  mercuric  su  phate  are  added;  the  whole  is  boilecf  for 

semrate^'T       ?}  ^  ST  the  h'0n  which 

.  is  M  °"'  °n  C1°0l;ng'  deP°si,;s  the  mercuric  cyanide 
m  crystals.  Mercuric  cyanide  forms  white,  translucent  dimetric 
prisms,  much  resembling  those  of  corrosive  sublima  e  i  i  0  1  l  ie 
m  8  parts  of  cold  water,  and  in  a  much  smaller  quantity  at  a 

SteSXSF* also  in  aIcohoL  The  solution  Si 

JS2£m^SS?  V-7  P0180™18'  and  is  not  Precipitated  by 
cyZgen  Cyamde  18  U8ed  ^  the  lat>orator£  as  a  source  of 


Jntd  fV.^  already  described  (p.  847).-^ 

»."f]  h\  1  ""  ,ns"'u,)le  Powder>  Prepared  by  mixing 
v  ,  i  I-  ',ydro^amc  ^-Cobalt  oyank,  ( !otiyz,  is  ob- 
dTl  ran I  r"S  :  U  18  dirty- white,  and  msoluble.-PaKo- 
'])!,,,  r ,)  Vl 1 1 1  t  V~I  ,'1ms  a, y^owish- white  precipitate  when  the 
t  A  i(  v  i  n  'H  T"'1  Witi  a  B0lufre  cyanide.-^ 
soCl  hvSi  ^^^"White  and  insoluble/but  freely  dis- 
solved by  solution  ol  potassiirm  cyanide 

/row  fyamcfes.-These  compounds  arc  scarcely  known  in  the 

3  ii 
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separate  state,  on  account  of  their  great  tendency  to  form  double 
salts.  On  adding  potassium  cyanide  to  a  ferrous  salt  a  yellowish- 
red  flocculent  precipitate  is  formed,  consisting  chiefly  ot  ferrous  . 
cyanide,  FeCy2,  but  always  containing  a  certain  quantity  ot  potas- 
sium cyanide,  and  dissolved  as  ferrocyanide  by  excess  ot  that  salt. 
Ferric  cyanide,  Fe2Cy6,  is  known  only  in  solution  Pelouze 
obtained  an  insoluble  green  compound  containing  he3Oy8,  or  i 
FeCy2.Fe2Cy6,  by  passing  chlorine  gas  into  a  boiling  solution  ol 
potassium"  ferrocyanide. 

The  iron  cyanides  unite  with  other  metallic  cyanides,  iorming 
two  very  important  groups  of  compounds,  called  ferrocyanides 
and  ferricyanides,  the  composition  of  which  may  be  illustrated 
by  the  respective  potassium-salts : 

Ferrocyanide,.    .    .    .    K4F"Cy6,  or  4KCy.Fe*Cy2 
Ferricyanide,.    .    .    .    K3Fe'"Cy6.or  3KCy.Fe'"Cy3* 

It  will  be  seen  from  these  formulae,  that  ferro-  and  ferricyanides 
containing  the  same  quantity  of  cyanogen,  differ  from  one  another 
only  by  one  atom  of  univalent  metal,  and,  accordingly,  it  is  lound 
that  the  former  may  be  converted  into  the  latter,  by  the  action  ol 
oxidising  (metal-abstracting)  agents,  and  the  latter  into  the  tormer 
by  the  action  of  reducing  (metal-adding)  agents.  Thus  potassium 
ferrocyanide  is  easilv  converted  into  the  ferricyanide  by  the  action 
of  chlorine,  and  many  double  ferrocyanides  may  be  formed  irom 
ferricyanides  by  the  action  of  alkalis  in  presence  of  a  reducing 
agent  ;  thus  potassium  ferricyanide,  K3Fe'''Cy6  is  easily  converted 
into  ammonio-tripotassic  ferrocyanide  (NH4)K3re  Ly6,  by  tne 
action  of  ammonia  in  presence  of  glucose.t 


Ferrocyanides. 

Potassium  Ferrocyanide,  K4Fe"Cya,  or  4KCy.Fe"Cy2,  com- 
monly called  yellow  prussiate  of  potash.— This  important  salt  is 
formed— 1.  By  digesting  precipitated  ferrous  cyanide  in  aqueous 
solution  of  potassium  cyanide.  2.  By  digesting  ferrous  hydrate 
with  potassium  cyanide,  potash  being  formed  at  the  same  time  : 

6KCy  .+  Fe"H202  =  2KHO  +  K4Fe"Cy8. 

*  Strictly  speaking,  the  formula  of  potassium  ferricyanide  should  be 
6KCv  (Fe.,)tiCy0  (see  Iron,  p.  433);  but,  for  comparing  the  composition  ot 
the  ferricyanides  with  that  of  the  ferrocyanides,  the  simpler  formula  above 
eiven  is  more  convenient.  J 

*  The  ferrocjtaides  and  ferricyanides  are  sometimes  regarded  as  salts  ol 
peculiar  eomiioiitid  radicals  containing  iron,  viz.,  ferrocyanogen,  r  e  <  >,, 
ami  ferrkyanogk,  Fe"'Cy„,  the  first  being  quadrivalent,  the  second  triva- 
lent-  but  there  is  nothing  gained  by  this  assumption.  For  a  discussion  of 
the  formula  of  these  salts,  and  of  the  double  cyanides  in  general,  see 
Watts's  Dictionary  of  Chemistry,  vol.  ii.  p.  201. 
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3.  Ferrous  cyanide  with  aqueous  potash : 

3Fe"Cy2  +  4KHO   =   2Fe"H202  +  K4Fe"Cy6. 

4.  Aqueous  potassium  cyanide  with  metallic  iron  :  if  the  air  be 
excluded,  hydrogen  is  evolved  : 

6KCy  +  Fe  +  2H20  =  K4Fe"CyG  +  2KHO  +  H2 ; 

but  if  the  air  has  access  to  the  liquid,  oxygen  is  absorbed,  and  no 
hydrogen  is  evolved : 

6KCy  +  Fe  +  H20  +  0  =  K4Fe"CyG  -f  2KHO. 

5.  Ferrous  sidphide  with  aqueous  potassium  cyanide : 

6KCy    +    Fe'S  =  K2S    +  Iv4Fe"Cy6. 

6.  Any  soluble  ferrous  salt  with  potassium  cyanide ;  eg.: 

6KCy    +    Fe"S04    =    K2S04    +    K4Fe"Cy6 . 

Potassium  ferrocyanide  is  manufactured  on  the  large  scale  by 
the  following  process :— Dry  refuse  animal  matter  of  any  land  is 
tusedata  red  heat  with  impure  potassium  carbonate  and  iron 
tilings,  in  a  large  iron  vessel,  from  which  the  air  should  be 
excluded  as  much  as  possible ;  potassium  cyanide  is  generated  in 
large  quantity.  The  melted  mass  is  afterwards  treated  with  hot 
water,  which  dissolves  out  the  cyanide  and  other  salts,  the  cyanide 
being  quickly  converted  by  the  oxide  or  sulphide*  of  iron  into 
lerrocyanule.  The  filtered  solution  is  evaporated,  and  the  first- 
tormed  crystals  are  purified  by  re-solution.  If  a  sufficient  quan- 
tity ol  iron  be  not  present,  great  loss  is  incurred  by  the  decompo- 
sition ot  the  cyanide  into  potassium  carbonate  and  ammonia 

A  new  process  for  the  preparation  of  potassium  ferrocyanide 
has  lately  been  proposed  by  Gelis.  It  consists  in  converting  car- 
bon bisulphide  into  ammonium  sulphocarbonate  by  agitatmo-  it 
Z Z°  Tf^t? Cf2+(NH4)2S  =  (NHAjCS3fand  heat, 
mgtne  product  thus  obtained  with  potassium  sulphide,  whereby 
potassium  sulphocyanate  (p.  866)  is  formed,  with  evolution  of 
ammonium  sulphide  and  hydrogen  sulphide : 

2(NH4)2CS3  +  K2S  =  2KCNS  +  2<NH4)HS  +  SH^ . 
Tin-  potassium  sulphocyanate  is  dried,  mixed  with  finely  divided 
metallic  iron,  and  heated  for  a  short  time  in  a  closed  iron  vessel  to 
«UJ  redness,  whereby  the  mixture  is  converted  into  potassium 
Ferrocyanide,  potassium  sulphide,  and  iron  sulphide; 

6KCNS  +  Fe„  =  K4Fe"CyB  +  5Fe"S  +  K2S. 
By  treatment  with  water,  the  sulphide  and  ferrocyanide  of  potas- 

MhaSnfltiS^m  ?e"w  ,V",n  the  re'1'"'"'1  sulphate  of  the  crude  pearl- 
8       the  animal  snbstancen  used  in  the  manufacture. 
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sium  are  dissolved,  and  on  evaporation  the  ferrocyanide  is  obtained 
in  crystals.  It  remains  to  be  seen  whether  this  ingenious  process 
is  capable  of  being  carried  out  upon  a  large  scale. 

Potassium  ferrocyanide  forms  large,  transparent,  yellow  crys- 
tals K4Fe"CyG+3aq.,  derived  from  an  octohedron  with  a  square 
base :  they  cleave  with  I'acdity  in  a  direction  parallel  to  the  base 
of  the  octohedron,  and  are  tough  and  difficult  to  powder.  They 
dissolve  in  4  parts  of  cold  and  2  parts  of  boiling  water,  and  are 
insoluble  in  alcohol.  They  are  permanent  in  the  air,  and  have  a 
mild  saline  taste.  The  salt  has  no  poisonous  properties,  and,  in 
small  doses  at  least,  is  merely  purgative.  Exposed  to  a  gentle 
heat,  it  loses  3  molecules  of  water,  and  becomes  anhydrous :  at  a 
high  temperature  it  yields  potassium  cyanide,  iron  carbide,  and 
various  gaseous  products ;  if  air  be  admitted,  the  cyanide  becomes 
cyanate. 

Potassium  ferrocyanide  is  a  chemical  reagent  ol  great  value : 
when  mixed  in  solution  with  neutral  or  slightly  acid  salts  of  the 
heavy  metals,  it  gives  rise  to  precipitates  which  very  frequently- 
present  highly  characteristic  colours.  In  most  of  these  compounds 
the  potassium  is  simply  displaced  by  the  new  metal :  the  beauti- 
ful brown  ferrocyanide  of  copper  contains,  for  example,  Cu  2Fe  Cy6, 
or  2Cu"Cy,.Fe"Cy2,  and  that  of  lead,  Pb"2Fe"Cy6. 

With  ferrous  salts,  potassium  ferrocyanide  gives  a  precipitate 
which  is  perfectly  white,  if  the  air  be  excluded  and  the  solution 
is  quite  free  from  ferric  salt,  but  quickly  turns  blue  on  exposure 
to  the  air.  It  consists  of  potassio-ferrous  ferrocyanide, 
K2Fe"2Cyc,  or  potassium  ferrocyanide  having  half  the  potassium 
replaced  by  iron.  The  same  salt  is  produced  in  the  preparation 
of  hydrocyanic  acid  by  distilling  potassium  ferrocyanide  with 
dilute  sulphuric  acid  (p.  845).  . 

When  a  soluble  ferrocyanide  is  added  to  the  solution  oi  a/emc 
salt,  a  deep  blue  precipitate  is  formed,  consisting  of  ferric  ferro- 
cyanide, Fe7cf18,  or  Fe'"4Fe"3Cyls,  or  2(Fe2)'iCy6.3Fe"Cy2, 
which  in  combination  with  18  inolecvdes  of  water  constitutes 
ordinary  Prussian  blue.  This  beautiful  pigment  is  best  prepared 
by  adding  potassium  ferrocyanide  to  ferric  nitrate  or  chloride : 

3K4Fe"Cy0    +    2(Fe2)'iCl0    =    12KC1    +  T^Cy^. 

It  is  also  formed  by  precipitating  a  mix  toe  of  ferrous  and  ferric 
salts  with  potassium  cyanide  : 
18KCy  +  3Fe"Cl2  +  2(Fe2)'iC]0  =   18KC1  +  FerCyls. 

This  reaction  explains  Scheele's  test  for  prussic  acid  (p.  847). 
Prussian  blue  is  also  formed  by  the  action  of  air,  chlorine-water, 
and  other  oxidising  agents,  on  potassio-ferrous  ferrocyanide ;  pro- . 
bably  thus : 

6K2Fe"2Cyfl  +  03   =   Fe7Cy18  +  3K4Fe"Cy0  +  Fe203. 


PRUSSIAN  BLUE.  $53 

It  is  chiefly  by  this  last  reaction  that  Prussian  blue  is  prepared 
on  the  Large  scale  potassium  ferrocyan.de  being  first  precipitated 
by  ferrous  sulphate,  and  the  resulting  white  or  light  blue  precipi- 
tate either  left  to  oxidise  by  contact  with  the  ail-,  or  subjected  to 
the  actum  oi  nitric  acid,  chlorine,  hypochlorites,  chromic  acid,  &c 
Ihe  product,  however,  is  not  pure  ferric  ferrocyanide  ■  for  it  is 
certain  that  another  and  simpler  reaction  takes  place  at  the  same 
time,  by  which  the  potassio-ferrous  ferrocyanide,  (K0Fe'/)Fe"Cv 
is  converted,  by  abstraction  of  an  atom  of  potassium,  into 
j-.tassio-ferrous  ferricyanide,  (KFe")Fe'"Cy0,  which  also 
possesses  a  fine  deep-blue  colour.    Commercial  Prussian  blue  is 
therefore  generally  a. mature  of  this  compound  with  ferric  ferro- 
cyanide,  Fe"Fe"3Cy18,   the  one  or  the  other  predominating 
according  to  the  manner  m  which  the  process  is  conducted 

Prussian  blue  m  the  moist  state  forms  a  bulky  precipitate"  which 
Sied  lw  n°ra  c°m?Mf1VTy  ^  compass  when  well  washed  and 
dried  by  a  gentle  heat.  In  the  dry  state  it  is  hard  and  brittle, 
math  resembling  m  appearance  the  best  indigo  :  the  freshly 

W  Tn  1  SmtT  hcT,e  a  bea!Uiful  c°PPer-^  lustre,  similar  to 
that  produced  by  rubbing  indigo  with  a  hard  body.  Prussian 
blue  is  quite  insoluble  m  water  and  dilute  acids,  with  the  excep- 
tion of  oxalic  acid  m  a  solution  of  which  it  dissolves,  forming  a 
deep-blue  liquid,  which  is  sometimes  used  as  ink:  concentrated 
oil  of  vitriol  converts  it  into  a  white,  pasty  mass,  which  again 
becomes  blue  on  addition  of  water.    Alkalis  destroy  the  colour 

Pn?'l  y-;i1they.dlSSOl1Ve  °Ut  a  f™yanide,  and  leave  ferric  oxide 
Boiled  with  water  and  mercuric  oxide,  it  yields  a  cyanide  of  the 

hke  tin,W  1  1C  ^  .,HeB^ in  the  air'  Prussi<™  blue  turns 
ike  tinder,  leaving  a  residue  of  ferric  oxide.    Exposed  to  a  hi-h 

temperature  in  a  close  vessel,  it  gives  off  water,  ammonium 

cyanide,  and  ammonium  carbonate,  and  leaves  carbide  of  iron  It 

h^fij!!7  beaUtiflU  b°th  as  oil  and  water  colour,'  but 

nas  little  permanency. 

Common  or  basic  Prussian  blue  is  an  inferior  article  prepared 

It  co  U']  ""yamd^  .and.  exposing  the  precipitate  to  the  air. 
^oo^tams  alumina,  which  impairs  the  colour,  but  adds  to  the 

SoluHe  Prussian  blue  is  obtained  by  adding  ferric  chloride  to 
an  excess  oi  potassium  ferrocyanide j  it  is  insoluble  in  the  saline 
J  ut  soluble  id  p,nv  ™ter.    [t  has  a  deep-blue  colour,  and 
probably  consists  oi  potassio-ferrous  ferricyanide. 

is  mvmn!r?J7r0Cyanide'  Pr  Kydroferrocyamc  AM,  H4Fe"Cyfl, 
,1  decomposing  ferrocyanide  of  lead  or  copper  sue" 
1  '"  u;""r  llV  :i  ^eam  of  sulphuretted  hydrogen  gas,  and 
separates  on  evaporating  the  filtered  solution  in  a  vacuum 
!  7  *'  '"'  v'ln"1-  *  solution  in  wale-  has  a  powerfully  acid 
tute«™  taction,  and  decomposes  allcaUne  carbonates  with  effer- 
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vescence:  it  does  not  dissolve  mercuric  oxide  in  the  cold,  but 
when  heat  is  applied,  undergoes  decomposition  forming :  mercuric 
cyanide  and  ferrous  'cyanide  :  H4Fe"Cy6  +  2Hg"0  =  2Hg"Cy2 + 
Fe"Cy,  +  2H90 ;  but  the  ferrous  cyanide  is  immediately  oxidised 
by  the  excess  of  mercuric  oxide,  with  separation  of  metallic 
mercury  In  the  dry  state  the  acid  is  very  permanent,  but  when 
long  exposed  to  the  air  in  contact  with  water,  it  is  entirely  con-  j 
verted  into  Prussian  blue. 

Sodium  ferrocyanide,  Na4Fe"Cy6. 12  aq.,  crystallises  in  yellow 
four-sided  prisms,  which  are  efflorescent  m  the  air  and  very 
soluble. 

Ammonium  ferrocyanide,  (NH4)4Fe"Cy6.3  aq.,  is  isomorphous 
with  potassimn  ferrocyanide :  it  is  easily  soluble,  and  is  decom- 
posed by  ebullition.  Barium  ferrocyanide,  Ba"2Fe"Cy6,  prepared 
by  boiling  potassium  ferrocyanide  with  a  large  excess  ol  barium 
chloride,  or  Prussian  blue  with  baryta-water,  forms  minute  yellow, 
anhydrous  crystals,  which  have  but  a  small  degree  ol  solubility 
even  in  boiling  water.  The  corresponding  compounds  of  strontium, 
calcium,  and  magnesium  are  more  freely  soluble.  The  ferro- 
cyanides  of  silver,  lead,  zinc,  manganese,  and  bismuth  are  white 
and  insoluble ;  those  of  nickel  and  cobalt  are  pale-green  and  in- 
soluble ;  and,  lastly,  that  of  copper  has  a  beautiful  reddish-brown 

tlDT here  are  also  several  double  ferrocyanides.  When,  for  example, 
concentrated  solutions  of  calcium  chloride  and  potassium  lerrocy- 
anide  are  mixed,  a  sparingly  soluble  crystalline  precipitate  tails, 
containing  K2Ca"Fe''CyG . 


Ferricyanides. 
These  salts  are  formed,  as  already  observed,  by  abstraction  of 
metal  from  the  ferrocyanides  ;  in  other  words,  by  the  action  ol 
oxidising  agents. 

Potassium  Ferricyauide,  K3Fe"'Cy6,  or  K0(Fe2)*Cy12,  often 
called  red  prussiate  of  potash,  is  prepared  by  slowly  passing 
chlorine,  with  agitation,  into  a  somewhat  dilute  and  cold  solution 
of  potassimn  ferrocyanide,  until  the  liquid  acquires  a  deep  reddish 
green  colour,  and  ceases  to  precipitate  a  ferric  salt.    The  solution 
is  evaporated  until  a  skin  begins  to  form  upon  the  surface,  then 
filtered,  and  left  to  cool  f  and  the  salt  is  purified  by  re-crystalhsal 
tion.    It  forms  prismatic,  or  sometimes  tabular  crystals,  belonging 
to  the  monoclinic  system,  of  a  beautiful  ruby-red  tint,  permanent 
in  the  air,  and  soluble  in  4  parts  of  cold  water  :  the  solution  has 
a  dark-greenish  colour.    The  crystals  burn  and  emit  sparks  when 
introduced  into  the  flame  of  a  candle.    The  salt  is  decomposed  b| 
excess  of  chlorine,  and  by  deoxidising  agents,  as  sulphurettea 
hydrogen. 
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Hydrogen  ferrieyanide  is  obtained  in  the  form  of  a  reddish-brown 
acid  liquid,  by  decomposing  lead  ferrieyanide  with  sulphuric  acid  ■ 
it  is  very  unstable,  and  is  resolved,  by  boiling,  into  hydrated  ferric 
cyanide,  an  insoluble  dark-green  powder  containing  Fe.,C'y.  3aq 
and  hydrocyanic  acid.  The  ferricyanides  of  sodium,  ammonium 
and  ol  the  alkaline  earth-metals,  are  soluble  ;  those  of  most  of  the 
other  metals  are  insoluble.  Potassium  ferrieyanide  added  to  a 
feme  salt  occasions  no  precipitate,  but  merely  a  darkening  of 
the  reddish-brown  colour  of  the  solution  ;  with  ferrous  salts,  oifthe 
other  hand,  it  gives  a  deep  blue  precipitate,  consisting  of  ferrous 
ferrieyanide,  Fe5Cy  +  x aq,  or  Fe'^Fe^Cy^+aaq.,  which, 
when  dry,  has  a  brighter  tint  than  Prussian  blue  :  it  is  known 
under  the  name  of  Turn  bull's  blue.  Hen  ce,  potassium  ferrieyanide 
is  as  delicate  a  test  for  ferrous  salts  as  the  yellow  ferrocyanide  is 
lor  ierric  salts. 

Cobaltictanides.— This  name  is  applied  to  a  series  of  com- 
pounds analogous  to  the  preceding,  containing  cobalt  in  place  of 
iron  ;  a  hydrogen-acid  has  been  obtained,  and  a  number  of  salts 
which  much  resemble  the  ferricyanides.  Several  other  metals  of 
the  same  isomorphous  family  are  found  capable  of  replacing  iron 
m  these  compounds. 

Nitroprussides,— These  are  salts  produced  by  the  action  of 
nitric  acid  upon  ferrocyamdes  and  ferricyanides.  The  general  for- 
mula of  these  salts  appears  to  be  M9(N0)Fe"Cy„  which  exhibits  a 
close  relation  to  those  of  the  ferro-  and  ferricyanides. 

The  formation  of  the  nitroprussides  appears  to  consist  in  the 
reduction  of  the  nitric  acid  to  the  state  of  nitrogen  dioxide  or 
mtrosyl  NO,  which  replaces  1  molecule  of  metallic  cyanide  MCv 
m  a  molecule  of  ferrieyanide,  M3Fe"'Cye .  The  formation  of  these' 
salts  is  attended  with  the  production  of  a  variety  of  secondary  pro- 
ducts, such  as  cyanogen,  oxamide,  hydrocyanic  acid,  nitrogen,  car- 
bonic acid  &c.  One  of  the  finest  compounds  of  this  series  is  the 
n.  n.pn.sside  of  sodium,  Na2(NO)Fe"Cyfl+2  aq.,  which  is  readily 
obtained  by  treating  2  parts  of  powdered  potassium  ferrocyanide 

J  •'  P9™?  common  nitric  acid  previously  diluted  with  its  own 
voWof  water   The  solution,  after  the  evolution  of  gas  has  ceased^ 

1  g,s u,l  on  the  water-bath,  until  ferrous  salts  no  longer  yield  a 
to  rV Y  J  fate-c°loured  Precipitate.  The  liquid  is  now  allowed 
iu  cooi,  wnen  much  potassium  nitrate,  and  occasionally  oxamide, 
^posited  :  it  is  filtered  and  neutralised  with  sodium  carbonate 
which  yields  a  green  or  brown  precipitate,  and  a  ruby-coloured 
,*•  ■  18>  °n  evaporation,  gives  a  crystallisation  of  the  nitrates 
oi  Potassnim  and  sodium,  together  with  the  nitroprusside.  The 
crystals  ol  the  latter  are  selected  and  purified  by  crystallisation  ; 
they  are  rhombic  and  of  a  splendid  ruby  colour.  'The  soluble 
nitroprussides  strike  a,  most  beautiful  violet  lint  with  soluble  sul- 
l«udes,  affording  an  extremely  delicate  tesl  for  alkaline  sulphides. 
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ALCOHOLIC   CYANIDES   OR   HYDROCYANIC  ETHERS. 

These  compounds  play  an  important  part  in  organic  chemistry : 
we  have  already  had.  occasion  to  notice  them  several  times  hi 
speaking  of  the  conversion  of  alcohols  into  acids  containing  a 
greater  number  of  carbon-atoms. 

The  cyanides  of  univalent  alcohol-radicals  may  also  be  regarded 
as  compounds  of  nitrogen  with  trivalent  radicals  :  hence  they  are 
often  called  nit  riles  ;  thus  : 

Hydrogen  cyanide,  H  .CN    =    (C  H  )'"N    Methenyl  nitrile. 
Methyl  cyanide,    CH3.CN    =    (C2H3)'"N    Ethenyl  nitrile. 
Ethyl  cyanide,      C2H5.CN    =    (C3H6)"'N    Propenyl  nitrile. 
Propyl  cyanide,    C3H7.CN    =    (C4H7)'"N    Quartenyl  nitrile. 
Phenyl  cyanide,    C6H5.CN    =    (C7H5)'"N  Benzonitrile. 

These  alcoholic  cyanides  are  produced  : 

1.  By  distilling  a  mixture  of  potassium  cyanide  and  the  potas- 
sium-salt of  ethylsulphuric  or  a  similar  acid  : 

KCN    +    (C2H5)KS04    =    K2S04    +  C2H6.CN. 

2.  By  the  dehydrating  action  of  phosphoric  oxide  on  the  am- 
monium-salts of  the  corresponding  acids  containing  the  radicals 
CnH2n— iO  and  CnH2n— 9O ;  thus : 

C2H302.NH4       -  2H20 

Ammonium 
acetate. 

C7H502.NH4  2H20 

Ammonium 
benzonte. 

The  bodies  obtained  by  these  two  processes  are  oily  liquids, 
exhibiting  the  same  properties  whether  prepared  by  the  first  or 
the  second  method,  excepting  that  those  obtained  by  the  latter 
have  an  aromatic  fragrant  odour,  whereas  those  prepared  by  the 
former  have  a  pungent  and  repulsive  odour,  clue  to  the  presence 
of  certain  isomeric  compounds,  to  be  noticed  further  on.  Methyl 
cyanide,  Ethanyl-nitrile,  or  Acetonitrile,  boils  at  77°;  Ethyl  cyanide, 
or  Propenyl-nitrik,  at  82°;  Butyl  cyanide,  or  Valeronitrilc,  at  125°- 
128°;  Amyl  cyanide,  or  Capronitrile,  at  146°;  Phenyl  cyanide,  or 
Benzonitrile,  at  ]  90-6°. 

All  these  cyanides,  when  heated  with  fuming  sulphuric  acid  or 
sulphuric  oxide,  undergo  the  decomposition  already  mentioned 
(pp.  742,  834),  yielding  sulpho-acids.  By  heating  with  caustic 
potash  or  soda,  they  are  resolved  into  ammonia  and  the  corre- 
sponding fatty  or  aromatic  acid,  just  as  hydrocyanic  acid  similarly 
treated  is  resolved  into  ammonia  and  formic  acid ;  thus  : 


C2H3N 

Ethenyl 
nitrile. 

C7H5N 

Benzonitrile. 
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HCN        +     2H20     =     NH3     +  CH20, 

Hydrogen  Formic" 
cyanide.  acWi 

C2H3CN      +     2H20     =     NH3     +  C8Hfl02 

Et'^'}  Propionic 
cyanide.  acid 

C6H8ON     +     2H20     =     NH3     +  C7H0O2 

P'R'n3'1  Benzoic  acid, 

cyanide. 

The  alcoholic  cyanides  or  nitriles,  treated  with  nascent  hy- 
drogen, are  converted  into  the  corresponding  antine-bases,  e.g.: 

CNCH3      +       2H2       =       NH,(CH9CH3)  or  C9H7N 

Met!';vl  Ethyla.nine. 
cyanide.  J 

Ethene  cyanide,  (C2H4)"(CN)9,  is  obtained  by  distilling  potassium 
cyanide  with  ethene  bromide : 

C2H4Br2    +    2KCN    =    2KBr    +  C2H4(CN)2. 

It  is  a  crystalline  body,  melting  at  50°,  and  converted  by  alcoholic 
potash  into  ammonia  and  succinic  acid : 

C2H4(CN)2    +    4H20    =    2NH3    +  C4Hfi04. 

Isocyanides,  or  Carbamines. — On  examining  the  equations 
.pist  given  for  the  decomposition  of  the  alcoholic  cyanides  under 
the  influence  of  alkalis,  it  is  easy  to  see  that  the  reaction  might  be 
supposed  to  take  place  in  a  different  way,  each  cyanide  or  nitrile 
yielding,  not  ammonia  and  an  acid  containing  the  same  number  of 
carbon-atoms  as  itself,  but  an  alcoholic  ammonia,  or  amine,  and 
lormic  acid  ;  thus  ; 

C2Hfi.CN     +     2H20     =     NH2C2H.     +  CH202 

cyani"',  Ethyl-  Formic 

cyn,m"u  amine.  acid. 

In  the  one  case  the  alcohol-radical  remains  united  with  the 
carbon,  producing  a  homologue  of  formic  acid,  together  with 
ammonia;  in  the  other  it  remains  united  with  the  nitrogen,  pro- 
ducing a  homologue  of  ammonia,  together  with  formic  acid. 

A  class  oi  cyanides  exhibiting  the  second  of  these  reactions  has 
been  discoverea  by  Dr  Hofmann*  They  are  obtained  by  distil- 
ling a  mixture  oi  an  alcoholic  ammonia-base  and  chloroform  with 
alcoholic  potash  ;  for  example  : 

C„HTN  +  CHCi3  =  3HC1  +  C7Hr,N 
Aniline.  Chloro-  Phenyl- 

form.  Isocyanlde, 

The  potash  serves  fc0  neutralise  the  hydrochloric  arid  produced, 

*  1'ioceertings  of  the  Royal  Society,  xvi.  M  I,  1  18,  150. 
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which  would  otherwise  quickly  decompose  the  isocyanide.  Phenyl 
isocyanide,  or  phenyl-carbamine,  when  freed  from  excess  of  aniline 
by  oxalic  acid,  then  dried  with  caustic  potash  and  rectified,  is  an 
oily  liquid,  green  by  transmitted,  blue  by  reflected  light,  and  hav- 
ing an  intolerably  pungent  and  suffocating  odour.  It  is  isomeric 
with  benzonitrile,  and  is  fesolved  by  boiling  with  dilute  acids 
into  formic  acid  and  aniline  : 


It  is  a  remarkable  fact  that,  whereas  the  normal  alcoholic  cyanides 
are  easily  decomposed  by  boiling  alkaline  solutions,  the  isocy- 
anides  are  scarcely  altered  by  alkalis,  but  are  easily  hydrated 
under  the  influence  of  acids. 

The  isocyanides  of  ethyl  and  amyl  have  been  obtained  by  simi- 
lar processes  ;  also  by  the  action  of  ethylic  and  amylic  iodides  on 
silver  cyanide.  They  resemble  the  phenyl  compound  in  then- 
reactions,  and  are  also  characterised  by  extremely  powerful  odoivrs. 
The  repulsive  odour  possessed  by  the  normal  alcoholic  cyanides 
when  prepared  by  distilling  potassium  cyanide  with  the  ethyl- 
sulphate,  appears  to  be  due  to  the  presence  of  small' quantities  of 
these  isocyanides. 

The  difference  of  constitution  between  the  normal  cyanides  and 
the  isocyanides  may  be  represented  by  the  following  formulae, 
taking  the  methyl  compounds  for  example : 


In  the  isocyanide  the  carbon  belonging  to  the  alcohol-radical  is 
united  directly  with  the  nitrogen ;  in  the  cyanide,  only  through 
the  medium  of  the  carbon  belonging  to  the  cyanogen. 

This  difference  of  structure  may  perhaps  account  for  the  differ- 
ence in  the  reactions  of  the  cyanides  and  isocyanides,  under  the 
influence  of  hydrating  agents ;  thus : 


C7H5N    +    2H20    =    CH202    +  C6H7N. 


Cyanide. 


Isocyanide. 


,  HHO 
HHO 


+ 


Methyl 
cyanide. 


Water 
(2  mol.) 


Ammonia. 


Acetic 
acid. 


+ 


HHO 
HHO 


+ 


Metliyl 
isocyanide. 


Water 
(2  mol.) 


Methylaminc. 


Formic 
acid. 


The  isocyanides  of  methyl  and  ethyl  (methyl-  and  ethyl-car- 
band nes)  unite  with  acids,  forming  crystallisable  salts. 
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Cyanic  and  Cyanuric  Acids. 

These  are  two  remarkable  polymeric  bodies,  related  in  a  very 
close  and  intimate  manner,  and  presenting  phenomena  of  great 
interest.  Cyanic  acid  is  formed  as  a  potassium-salt,  in  conjunction 
with  potassium  cyanide,  when  cyanogen  gas  is  transmitted  over 
heated  hydrate  or  carbonate  of  potassium,  or  passed  into  a  solu- 
tion of  the  alkaline  base,  the  action  resembling  that  by  which 
potassium  chlorate  and  potassium  chloride  are  generated  when 
chlorine  is  passed  into  a  solution  of  potash  (p.  187).  Potassium 
cyanate  is.  moreover,  formed  when  the  cyanide  is  exposed  to  a 
high  temperature  with  access  of  air :  unlike  the  chlorate,  it  bears 
a  full  red  heat  without  decomposition. 

Cyanic  Acid,  CNHO,  is  produced  when  cyanuric  acid,  de- 
prived of  its  water  of  crystallisation,  is  heated  to  dull  redness  in 
a  hard  glass  retort  connected  with  a  receiver  cooled  by  ice.  The 
cyanuric  acid  is  resolved,  without  any  other  product,  into  cyanic 
acid,  which  condenses  in  the  receiver  to  a  limpid,  colourless 
liquid,  of  exceedingly  pungent  and  penetrating  odour,  like  that  of 
the  strongest  acetic  acid  :  it  even  blisters  the  skin.  When  mixed 
with  water,  it  decomposes  almost  immediately,  giving  rise  to 
ammonium  bicarbonate : 

CNHO    +    H20    =    C02    +  NH3. 

In  consequence  of  this  decomposition,  cyanic  acid  cannot  be 
separated  from  a  cyanate  by  a  stronger  acid.  A  trace  of  it,  how- 
ever, always  escapes  decomposition,  and  communicates  to  the  carbon 
dioxide  evolved,  a  pungent  smell  similar  to  that  of  sulphurous 
acid.  The  cyanates  may  be  easily  distinguished  by  this  smell, 
and  by  the  simultaneous  formation  of  an  ammonia-salt,  which 
remains  behind. 

_  Pure  cyanic  acid  cannot  be  preserved :  shortly  after  its  prepara- 
tion it  changes  spontaneously,  with  sudden  rise  of  temperature, 
into  a  solid  white,  opaque,  amorphous  substance,  called  cyamdidc. 
1ms  body  has  the  same  composition  as  cyanic  acid :  it  is  insoluble 
in  water,  alcohol,  ether,  and  dilute  acids:  it  dissolves  in  strong 
oil  ot  vitriol  by  the  aid  of  heat,  with  evolution  of  carbon  dioxide 
and  production  of  ammonia;  boiled  with  a  solution  of  caustic 
alkali,  it  dissolves,  ammonia  being  disengaged,  and  a  mixture  of 
cyanate  and  ryan urate  of  the  base  generated.  By  dry  distillation 
it  is  again  converted  into  cyanic  acid. 

Potassium  Cyanate,  CNKO.— The  best,  method  of  preparing  this 
salt  la  to  oxidise  potassium  cyanide  with  litharge.  The  cyanide, 
already  containing  a  portion  of  cyanate,  described  at  "page  848, 
isremelted  m  an  earthen  crucible,  and  finely  powdered  lend  oxide 
added  by  small  portions:  the  oxide  is  instantaneously  reduced,  and 
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the  metal,  at  first  in  a  state  of  minute  division,  ultimately  collects 
to  a  fused  globule  at  the  bottom  of  the  crucible.  The  salt  is 
poured  out,  and,  when  cold,  powdered  and  boiled  with  alcohol ; 
the  hot  filtered  solution  deposits  crystals  of  potassium  cyanate 
on  cooling.  The  great  deoxidising  power  exerted  by  potassium 
cyanide  at  a  high  temperature  promises  to  render  it  a  valuable 
agent  in  many  of  the  finer  rnetallurgic  operations. 

Another  method  of  preparing  the  cyanate  is  to  mix  dried  and 
finely  powdered  potassimu  ferrocyauide  with  half  its  weight  of 
equally  dry  manganese  dioxide ;  heat  this  mixture  in  a  shallow 
iron  ladle,  with  free  exposure  to  air  and  frequent  stirring,  until 
the  tinder-like  combustion  is  at  an  end ;  and  boil  the  residue  in 
alcohol,  which  extracts  the  potassium  cyanate. 

The  salt  crystallises  from  alcohol  in  thin,  colourless,  transparent 
plates,  which  suffer  no  change  in  dry  air,  but  on  exposure  to 
moisture,  are  gradually  converted,  without  much  alteration  of 
appearance,  into  potassium  bicarbonate,  ammonia  being  at  the 
same  time  given  off.  Water  dissolves  potassium  cyanate  in  large 
quantity;  the  solution  is  slowly  decomposed  in  the  cold,  and 
rapidly  at  a  boiling  heat,  into  potassium  bicarbonate  and  ammonia. 
When  a  concentrated  solution  is  mixed  with  a  small  quantity  of 
dilute  mineral  acid,  a  precipitate  falls,  consisting  of  acid  potassium 
cyanurate.  Potassium  cyanate  is  reduced  to  cyanide  by  ignition 
with  charcoal  in  a  covered  crucible.  Mixed  with  solutions  of 
lead  and  silver,  it  gives  rise  to  white  insoluble  cyanates  of  those 
metals. 

Ammonium  Cyanate,  GN2H40,  or  NH4CNO — Urea. — When  the 
vapour  of  cyanic  acid  is  mixed  with  excess  of  ammoniacal  gas,  a 
white,  crystalline,  solid  substance  is  produced,  which  has  all  the 
characters  of  a  true,  although  not  neutral  ammonium  cyanate. 
It  dissolves  in  water,  and  if  mixed  with  an  acid,  evolves  carbon 
dioxide:  with  an  alkali,  it  yields  ammonia.  But  if  the  solution 
be  heated,  or  if  the  crystals  be  merely  exposed  for  a  certain  time 
to  the  air,  a  portion  of  ammonia  is  dissipated,  and  the  pro- 
perties of  the  compound  are  completely,  changed.  It  may  now 
be  mixed  with  acids  without,  the  least  sign  of  decomposition, 
and  does  not  evolve  the  smallest  trace  of  ammonia  when  treated 
with  cold  caustic  alkali.  The  result  of  this  curious  metamor- 
phosis of  the  cyanate  is  urea,  a  product  of  the  animal  body, 
the  chief  and  characteristic  constituent  of  urine.  This  transfor- 
mation, the  discovery  of  which  is  clue  to  Wohler,  is  especially 
interesting  as  the  first  instance  of  the  artificial  formation  of  a 
product  of  the  living  organism.  The  properties  of  urea,  and 
the  most  advantageous  methods  of  preparing  it,  will  be  found 
described  further  on. 

Cyanuric  Acid,  C3N3H303. — This  substance  may  be  pre- 
pared by  heating  dry  and  pure  urea  in  a  flask  or  retort :  the  urea 
melts,  boils,  gives  off  ammonia  in  large  quantity,  and  at  length 
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beci 


comes  converted  into  a  dirty-white,  solid,  amorphous  mass 
which  is  impure  cyanuric  acid.    This  is  dissolved  by  the  aid  of 
heat  m  strong  oil  oi  vitriol,  and  nitric  acid  added  by  small  por- 
tions till  the  liquid  becomes  nearly  colourless :  it  is' then  mixed 
with  water,  and  left  to  cool,  whereupon  the  cyanuric  acid  sepa- 
rates.   The  urea  may  likewise  be  decomposed  very  conveniently 
by  gently  heating  it  in  a  tube,  while  dry  chlorine  or  hydrochloric 
and  gas  passes  over  it.    A  mixture  of  cyanuric  acid  and  sal- 
ammoniac  results,  which  is  separated  by  dissolving  the  latter  in 
water.   The  reaction  with  chlorine  is  represented  by  the  equation  • 
3CON2H4  +  Cl3  =  C3N3H303  +  2NH4C1  +  HC1  +  N. 
Cyanuric  acid  forms  colourless  efflorescent  crystals,  seldom  of 
large  size  derived  from  an  oblique  rhombic  prism.    It  is  very 
htt  e  soluble  m  cokl  water,  and  requires  24  parts  for  solution  at  a 
boiling  heat:  it  reddens  litmus  feebly,  has  no  odour,  and  but  little 
taste.    1  he  acid  is  tnbasic  :  the  crystals  contain  CoNJ-TO.,  2aa 
and  are  easily  deprived  of  their  water  of  crystallisation.    In  point 
ot  stability,  cyanuric  acid  offers  a  most  remarkable  contrast  to  its 
isomeride,  cyanic  acid ;  it  dissolves,  as  above  indicated,  in  hot  oil 
ot  vitriol,  and  even  in  strong  nitric  acid,  without  decomposition, 
and,  m  fact,  crystallises  from  the  latter  in  the  anhydrous  state 
Long-continued  boiling  with  these  powerful  agents  resolves  it  into 
ammonia  and  carbonic  acid. 

The  connection  between  cyanic  acid,  urea,  and  cyanuric  acid 
may  be  thus  recapitidated  : 

Ammonium  cyanate  is  converted  by  heat  into  urea. 

Urea  is  decomposed  by  the  same  means  into  cyanuric  acid  and 
ammonia. 

Cyanuric  acid  is  changed  by  a  very  high  temperature  into 
cyanic  acid,  one  molecule  of  cyanuric  acid  splitting  into  three 
molecules  of  cyanic  acid. 


Cyanic  and  Cyanuric  Ethers. 

th?lZ"h  k   theaC  ,Cthe,'S  ,there  are  two  series>  corresponding  to 
„  h  $T^S  a'?d  socyarrides.    The  difference  of  their 

sbracture  u  exhibited  by  the  following  formula,  taking  the  methyl- 
compounds  us  examples : 

NEEC-0-CH3  or  C  j  JJL      0=C=N-CH8  or  N  j  &" 

Normal  cyanate.  3  Jmvw*    <  8 

The  corresponding  cyanuric  ethers  are  represented  by  the  for- 
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The  normal  cyanic  ethers,  discovered  "by  Cloez,  and  the  normal 
cyannric  ethers,  discovered  by  Hofmann  *  are  produced  simultane- 
ously by  the  action  of  gaseous  cyanogen  chloride  on  the  sodium- 
alcohols  :  normal  ethyl  cyanate,  for  example,  from  cyanogen 
chloride  and  sodium  ethylate  ;  thus : 

g     +     NaOC2H5     +     NaCl     +     C  j  ^ 

They  are  decomposed  by  water,  assisted  by  acids  or  bases,  into 
cyanic  or  cyannric  acid  and  an  alcohol :  e.g. : 

Ci?C2H5    +    H0H    =    H°°2H5    +  °|Sh. 

The  cyanates  of  methyl,  ethyl,  and  amyl  are  colourless,  oily 
liquids,  decomposed  by  heat  into  a  volatile  portion  and  a  solid 
residue.    The  corresponding  cyanurates  are  crystalline  solids. 

The  isocyanic  and  isocyanuric  ethers,  or  alcoholic 
carbimides,  are  produced  simultaneously  by  distilling  a  dry 
mixture  of  potassium  cyanate  and  methylsulphate,  ethylsulphate, 

"N[(CO)'<   +   C,HSJS04    _    ^  +  N{(COr 

Ethylic  isocyanate  and  isocyanurate  thus  obtained  are  easily 
separated  bv  distillation,  the  former  boiling  at  60°,  the  latter  at 
276°.  The  former  is  a  mobile  liquid,  the  latter  a  crystalline  solid, 
melting  at  85°.  The  isocyanurate  may  likewise  be  obtained  by 
distilling  a  mixture  of  potassium  cyanurate  and  ethylsulphate. 

The  ethers  of  this  class,  when  heated  with  a  strong  solution  of 
caustic  alkali,  are  resolved  into  carbon  dioxide  and  an  alcoholic 
ammonia  or  amine,  e.g. : 


jgO)'    +    H20    =    C02    +  N{& 

Methyl  Isocyanate.  Metliylamine. 


Fulminic  Acid,  C2N2H202— This  remarkable  compound, 
which  is  polymeric  with  cyanic  and  cyanuric  acids,  originates 
in  the  peculiar  action  exercised  by  nitrous  acid  upon  alcohol  in 
presence  of  a  salt  of  silver  or  mercury.  The  acid  itself,  or  hydro- 
gen fulminate,  has  not  been  obtained. 

°  Silver  fulminate  is  prepared  by  dissolving  40  or  50  grains  of 
silver,  which  need  not  be  pure,  in  about  f  oz.  by  measure  of  nitric 
acid  of  sp.  gr.  1-37,  with  the  aid  of  a  little  heat.  To  the  highly 
acid  solution,  while  still  hot,  2  measured  ounces  of  alcohol  are 
added  and  heat  is  applied  until  reaction  commences.  The  nitric 
acid  oxidises  part  of  the  alcohol  to  aldehyde  and  oxalic  acid,  be- 


*  The  isocyanic  and  isocyanuric  ethers  having  been  discovered  first  (by 
Wurtz  in  1848),  were  originally  called  cyanic  and  cyanuric  ethers. 
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coming  itself  reduced  to  nitrous  acid,  which,  in  turn,  acts  upon 
the  alcohol  m  such  a  manner  as  to  form  nitrous  ether,  fulminic 
acid,  and  water,  1  molecule  of  nitrous  ether  and  1  molecule  of 
nitrous  acid  containing  the  elements  of  1  molecule  of  fulminic 
acid  and  2  molecules  of  water :  • 

C2HfiN02    +    HN02    =    C2N2H202    +    2H20 . 

The  silver  fulminate  slowly  separates  from  the  hot  liquid  in 
the  form  of  small,  brilliant,  white,  crystalline  plates,  which  may 
be  washed  with  a  little  cold  water,  distributed  upon  separate  pieces 
ot  filter-paper  m  portions  not  exceeding  a  grain  or  two  each,  and 
lei  to  dry  ma  warn  place.  When  dry,  the  papers  are  folded  up 
and  preserved  m  a  box.    The  only  perfectly  safe  method  of  keep- 

soL  t^f  •  r  1S  7  ulu^-[nS  h  in  Water<  Silver  Eliminate  is 
soluble  n  36  parts  of  boiling  water,  but  the  greater  part  crystal- 
lises out  on  cooling:  it  is  one  of  the  most  dangerous  substances 
known,  exploding  with  fearful  violence  when  strongly  heated  or 
when  rubbed  or  struck  with  a  hard  body,  or  when  touched  with 
concentrated  sulphuric  acid:  the  metal  is  reduced,  and  a  Urge 
volume  of  gaseous  matter  suddenly  liberated.  Strange  to  sav  It 
may  when  very  cautiously  mixed  with  copper  oxide?  be  burned 
m  a  tube  wi  h  as  much  facility  as  any  other  organic'  subs  ance 
Ag  C  N  S5  determilied  is  expressed  by  the  formula 

Fulminic  acid  is  bibasic :  when  silver  fulminate  is  digested  with 
caustic  potash,  one-half  of  the  silver  is  precipitated  as  oxide  and 
a  stiver -potassium  fulminate,  AgKC2N20,„  is  produced,  which 
resembles  the  neutral  silver-salt,  and  detonates  by  a  blow  Cor- 
responding compounds  containing  sodium  or  ammonium  exist  ■ 
but  a  pure  fulminate  of  an  alkali-metal  has  never  been  formed' 
11  silver  fulminate  be  digested  with  water  and  copper,  or  zinc  the 

I!  oducedeilThly  dlSplaC,f1'        f  flJminate  0t  the  ot^ 
produced.    The  zinc-salt  mixed   with  baryta-water  gives  rise 

L'Ba^oTm  °f  zinc  oxide'  while  ^co-^'c 

H^rVV)    2   2)a'   remfIVS  111  solutio'1-  -Mercuric  fulminate, 
wfioh2  tftp*  ;     Pre?f?d  \>y  a  Process  verv  8imUar  t°  that  by 
e     f  ifT1       Obtained    One  part  of  mercury  is  dil 
,  nntL^f  10f1n,U,',r  a°id;  lbeso1^  is  mixed  with  an 
if  too  of  alcoW  j  and  gentle  heat  is  applied,  the  reaction, 

£  t°o  Violent,  being  moderated  by  adding  more  spirit  from,  time 

:  ,  S  Vl  "  mth  -a  larSe  'luantity  of  nitrous  ether  and 
,  v  '  '  'J  ,r'  are  sometimes  condensed  and  collected  for  sale 
11  f  t  aid  to  contain  hydrocyanic  acid.  The  mercuric  ful- 
'  separates  from  the  hot  liquid,  and  after  cooling  may  be 
I1"1'""  FlomM  admixture  of  reduced  metal  by  solution  in  6oil- 
'"r  •  er  re-CTy8tallisation.  tt  much  resembles  the  silver- 
sail  m  appearance,  properties,  and  degree  of  solubility.  It  explodes 
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violently  by  friction  or  percussion,  but,  unlike  the  silver-com- 
pound, merely  burns  with  a  sudden  and  almost  noiseless  flash 
when  kindled  in  the  open  air.  It  is  manufactured  on  a  large 
scale  for  the  purpose  of  charging  -pRrcussioTb-cwps ;  sulphur  and 
potassium  chlorate,  or  more  frequently  nitre,  are  added,  and  the 
powder,  pressed  into  the  cap,  is  secured  by  a  drop  of  varnish. 

The  relation  of  composition  between  the  three  isomeric  acids  is 
beautifully  seen  by  comparing  their  silver-salts :  the  first  acid  is 
monobasic,  the  second  bibasic,  and  the  third  tribasic : 

Silver  cyanate,  Ag  C  N  0 

Silver  fulminate,  Ag2C2N202 

Silver  cyanurate,  AggCj^Oa . 

Fulminic,  as  well  cyanic  acid,  may  be  converted  into  urea. 
Dr  Gladstone  has  shown  that,  when  a  solution  of  copper  ful- 
minate is  mixed  with  excess  of  ammonia,  filtered,  treated  with 
sulphuretted  hydrogen  in  excess,  and  again  filtered  from  the  in- 
soluble copper  sulphide,  the  liquid  obtained  is  a  mixed  solution 
of  urea  and  ammoidum  sulphocyanate. 

Another  view  regarding  the  constitution  of  fulminic  acid  was 
proposed  by  Gerhardt.  The  fulminates  may.  be  considered  as 
methyl  cyanide  (acetonitrile),  in  which  one  atom  of  hydrogen  is 
replaced  by  N02  and  2. atoms  of  hydrogen  by  mercury  or  silver : 


0  H  H  H  GN 
C(N02)AgAgCN 
C(N02)  Hg"  CN 


Methyl  cyanide 
Silver  fulminate. 
Mercuric  f  olminate. 


This  view  has  received  some  support  by  the  interesting  observa- 
tion, made  by  Kekule,  that  the  action  of  chlorine  upon  mercuric 
fulminate  gives  rise  to  the  formation  of  chloropicrin,  C(N02)C1, 
(p.  796),  a  substance  originally  obtained  by  Stenhouse,  which  may 
be  viewed  as  chloroform,  the  hydrogen  of  which  is  replaced  by 
N02.  The  connection  of  fulminic  acid  with  the  methyl  series  is 
thus  established. 

Fulminuric  Acid,  C3N3H303. — This  acid,  isomeric  with  cyan- 
uric  acid,  was  discovered  simultaneously  by  Liebig  and  by 
Schischkoff.  It  is  obtained  by  the  action  of  a  soluble  chloride 
upon  mercuric  fulminate.  On  boiling  mercuric  fulminate  with  an 
aqueous  solution  of  potassium  chloride,  the  mercury  salt  gradually 
dissolves,  and  the  clear  solution,  after  some  time,  becomes  turbid, 
in  consequence  of  a  separation  of  mercuric  oxide ;  it  then  contains 
potassium  fulminurate : 

3Hg"C2N202  +  8KC1  +  H20  =  4KC1  +  2HgCl2  +  Hg"0  + 

2C3N3HKA. 


If,  instead  of  potassium  chloride,  sodium  or  ammonium  chloride 
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t^XS  tojanmKM^  sodium  and  ammonium-compounds 
ar  obtained.  1  lie  fulminurates  crystallise  with  great  firiKf^ 
they  are  not  explosive.  °  ld-ulity: 

Fulminuric  acid  has  the  same  composition  as  cyanurie  acid  hut 
it  is  monobasic,  whereas  cyanurie  acid  is  tribasic  ' 

Cyanogen  Chlorides—Chlorine  forms  with  cyanogen  or  its 
elements,  two  compounds,  which  are  polymeric  aJ3    i  , 
cyanic  and  cyanurie  acids.  fl^^^Sfc^SffS 

At- 18  it  congeals  to  a  mass  of  colourless  crystals,  which  at  -  15° 
melt  to  a  liquid  whose  boiling  point  is- 11  -fi°     & t  ti t  ■ 
ture  of  the  air  it  is  condensed  to  SSd  form  under  a  ™ 

Sokrf  cyonopm  chloride,  C,N  CI   or  fV  P    ;  ;  'n  , 

anhydrous  hydrocyanic  ^T^l^f^ff^  when 

J^flww^n  Bromide  and  Iodide  correspond  to  the  first  of  <*„ 
stances,  of  poweffodour     7      colomles*>  voliltiH  soHd  sub- 

anate,  crys talus  s  i ,    • L7  ,lodJ,le  uPon  «'ver  sulphocy- 

an  oiS^fl^  volatde  rhombic  plates,  Wing 
decomposed  aSdlv a fa hST  iodide.  It  melts  at  60°,  bul 
alcohol  and  vvater  aS  ti f  \  *emP?ratuie  ;  dissolves  in  ether, 
0  1'ing,^  SfcylZTw0111  h0tc— ted  »°^™> 

eulphocyanates  of  monad  Sto  I V- 6  latter'  is  ""*""''-"'>  "'<' 
mulaMCNS.  eUlla  LeinS  represented  by  the  for- 
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Potassium  Sulphocyanate,  CNKS.— To  prepare  ibis  salt,  yellow 
potassium  ferrocyanide,  deprived  of  its  water  of  crystallisation,  is 
intimately  mixed  with  half  its  weight  of  sulphur,  and  the  whole 
heated  to  tranquil  fusion  in  an  iron  pot,  and  kept  for  some  time  in 
that  condition.  When  cold,  the  melted  mass  is  boiled  with  water, 
which  dissolves  out  a  mixture  of  potassium  sulphocyanate  and  iron 
sulphocyanate,  leaving  little  behind  but  the  excess  of  sulphur. 
This  solution,  which  becomes  red  on  exposure  to  the  air,  from 
oxidation  of  the  iron,  is  mixed  with  potassium  carbonate,  by 
which  the  iron  is  precipitated,  and  potassium  substituted  :  an 
excess  of  the  carbonate  must  be,  as  far  as  possible,  avoided.  The 
filtered  liquid  is  concentrated,  by  evaporation  over  an  open  fire, 
to  a  small  bulk,  and  left  to  cool  and  crystallise.  The  crystals 
are  drained,  purified  by  re-solution,  if  necessary,  or  dried  by 
enclosing  them,  spread  on  filter-paper,  over  a  surface  of  oil  of 
vitriol  covered  with  a  bell-jar. 

The  reaction  between  the  sulphur  and  the  potassium  ferrocy- 
anide is  represented  by  the  equation  : 

K4Fe"C6N6    +    S6    =    4KCNS    +  Fe"(CNS)2. 

Another,  and  even  better  process,  consists  in  gradually  heating 
to  low  redness  in  a  covered  vessel  a  mixture  of  46  parts  of  dried 
potassium  ferrocyanide,  32  of  sulphur,  and  17  of  pure  potassium 
carbonate.  The  mass  is  exhausted  with  water,  the  aqueous  solu- 
tion is  evaporated  to  dryness,  and  the  residue  is  exhausted  with 
alcohol.  The  alcoholic  liquid  deposits  splendid  crystals  on  cooling 
or  evaporation. 

Potassium  sulphocyanate  crystallises  in  long,  slender,  colourless 
prisms,  or  plates,  which  are  anhydrous  :  it  has  a  bitter  saline 
taste,  and  is  destitute  of  poisonous  properties  :  it  is  very  soluble 
in  water  and  alcohol,  and  deliquesces  when  exposed  to  a  moist 
atmosphere.  When  heated,  it  melts  to  a  colourless  liquid,  at  a  j 
temperature  far  below  that  of  ignition. 

Chlorine,  passed  into  a  strong  solution  of  potassium  supho- 
cyanate,  throws  down  a  large  quantity  of  a  bulky,  deep  yellow, 
insoluble  substance,  formerly  called  sulphocyanogen,  from  its 
supposed  identity  with  the  radical  of  the  sulphocyanates  :  it  is, 
however,  invariably  found  to  contain  hydrogen,  and  is  represented 
by  the  formula  C3N3HS3 .  This  yellow  substance,  now  generally 
called  persulphocyanogen,  is  quite  insoluble  in  water,  alcohol, 
and  ether. .  When  heated  in  the  dry  state,  it  evolves  sulphur  and 
carbon  bisulphide,  and  leaves  a  pale,  straw-yellow  substance, 
called  hydromellone,  C^NgHg,  the  decomposition  being  repre- 
sented by  the  equation  : 

3C3N3HS3    =    3CS2    +    S3    +  C6N9H3. 

Hydrogen  Sulphocyanate,  or  Sulphocyanic  Acid,  HCNS,  is  ob- 
tained bv  decomposing  lead  sulphocyanate,  suspended  in  water, 
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with  .sulphuretted  hydrogen.  The  filtered  solution  is  colourless 
u-ry  acid,  and  not  poisonous  ;  it  is  easily  decomposed  m™-' 
implex  manner,  by  ebullition,  and  by  exposure  to  the  a r  B  • 
neutralising  the  liquid  with  ammonia,  and  evaporating •  ver^entiv 
to  dryness,  ammonium  sulphocyanate,  NH4CNS,  is  obtained  a  , 
deliquescent,  saline  mass.  The  salt  may  be  coin'eniently  pre,nred 
by  cbgestmg  hydrocyanic  acid  with  yellow  ammonium  Snide 

tt^fTmfW  filing  off  the  excess 7f  the 
ratter  .  ^MUN  +  (NH4)2S  +  S2  =  H,S  -f  2(NH\)CNS  The  mil 
phocyanates  of  sodmm  barium,  stronUmi,  mlcim^,mmqJese  and 
mm  are  colourless  and  very  soluble  ;  those  of  leadZHZr  ^e 
u  hite  and  insoluble.  _  A  soluble  sulphocyanate  mixed  with  a  ferric 
sal  gives  no  precipitate  but  causes  the"  liquid  to  ass™  a  S 
blood-red  fnt:  hence  the  use  of  potassium  stdphocZate  as  \ 

bv  ilT011  m  ?e  Stat,6  °f  ferric  salt    Tte  red  ^olom  produced 
bj  sulphocyanates  m  ferric  solutions  is  exactly  like  ?hat  S 
under  similar  circumstances  by  meconic  acid     The  tw 
stances  may,  however,  be  readily  distinguished  by  L  Zmtit 

W^ultoZnltS^^f WMch  deSt?°yS  the 

ov  suipnocyanates.   The  ferric  meconate  may  also  be  chstino-n^lwi 

from  the  sulphocyanate  by  an  addition  of  co  rosive  Site 

mSona?eeaCTL^  ^TT^  ^  haS  ^XtupCSS 
meconate     1  his  is  a  point  of  considerable  practical  inroortenrP 

as  in  medico-legal  inquiries,  in  which  evidence  of  She  mesenS  of 


of    .,,„„„  ffirrttss 

<£s£ZS5%£%tt^}  e"r,  ^"'"L  •"<""<■  «• 

oranetenVn  mn\    m  alcoholic  cyanates   I  isa- 

Notmal  Elkyl  s„¥,„,,,m,,,  ,,  j   N     >   ,  , 
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ing  a  concentrated  solution  of  potassium  sulphocyanate  with  ethyl 
chloride : 

Cj*K    +    C2H5C1    =    KC1    +    c  |  SC2H5  '  I 

also  hy  distilling  a  mixture  of  calcium  ethylsulphate  and  potassium 
sulphocyanate.  It  is  a  mobile,  colourless,  strongly  refracting 
liquid,  having  a  somewhat  pungent  odour  like  that  of  mercaptan. 
It  boils  at  146°.  With  ammonia  it  does  not  combine  directly,  but 
yields  products  of  decomposition. 

The  methyl  and  amyl  sulphocyanic  ethers  resemble  the  ethyl 
compound,  and  are  obtained  by  similar  processes.  The  methyl 
ether  boils  at  about  132° ;  the  amyl  ether  at  197°. 

Ethyl  Isosulphocyanate,  or  Etliylic  Sulphocarbimide,  N  j  q  jjr  > 
is  produced  by  distilling  diethyl-sulphocarbamide  with  phosphoric 
oxide,  which  abstracts  ethylamine : 

Diethyl-snlpho-  Ethylamine.  Ethyl  isosul- 

carbamide.  phocyanate. 

This  ether  differs  essentially  in  all  its  properties  from  ethyl  sul- 
phocyanate. It  boils  at  134°,  and  has  a  powerfully  irritating  odour, 
like  that  of  mustard-oil,  and  quite  different  from  that  of  normal 
ethyl  sulphocyanate.  It  unites  directly  with  ammonia  in  alcoholic 
solution,  forming  ethylsulphocarbaniide,  N2(CS)"(C2H..)H3,  and 
forms  similar  compounds  with  methylamine  and  ethylamine.  The 
pungent  odour  and  the  direct  combination  with  ammonia  and 
amines,  are  characteristic  of  all  the  ethers  of  this  group. 

Phenyl  Isosulphocyanate,  N(CS)"(C6H5),  is  obtained  by  dis-  , 
tilling  phenysulphocarbamide,  N2(OS)"(C6H,)H3,  Math  phosphoric 
oxide ;  naphthyl  isosulphocyanate,  N(CS"(C10H7),  in  like  manner 
from  clmaphthylsulphocarbamide.    The  former  boils  at  220°.  ^ 

Allyl  Isosulphocyanate,  or  Allylic  Sulphocarbimide,  N  j  .— 

This  is  the  intensely  pungent  volatile  oil  obtained  by  distilling  ■ 
the  seeds  of  black  mustard  with  water.  It  does  not  exist  ready- 
formed  in  the  seeds,  but  is  produced  by  the  decomposition  of 
myronic  acid  under  the  influence  of  myrosin,  an  albuminous  sub- 
stance analogous  to  the  synaptase  of  bitter  almonds  (see  p.  640). 
The  same  compound,  or  perhaps  its  isomeride,  normal  ethyl  sulpho- 
cyanate, is  produced  by  the  action  of  potassium  sulphocyanate  or 
silver  sulphocyanate  on  allyl  iodide  or  allyl  oxide.  Oil  of  mustard 
is  a  transparent,  colourless,  strongly  refracting  oil,  possessing  m 
the  highest  degree  the  sharp  penetrating  odour  of  black  niustard. 
The  smallest  quantity  of  the  vapour  excites  tears,  and  is  apt  to 
produce  inflammation  of  the  eyes.    It  has  a  burning  taste,  and 
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rapidly  blisters  the  skin.  Its  specific  gravity  is  1-009  at  15°.  It 
boils  at  148°.  It  is  sparingly  soluble  in  water,  easily  soluble 
in  alcohol  and  ether;  dissolves  sulphur  and  phosphorus  when 
heated,  and  deposits  them  in  the  crystalline  state  on  cooling.  It 
is  violently  oxidised  by  nitric  and  by  nitromuriatic  acid.  Heated 
in  a  sealed  lube  with  potassium  monosulphide,  it  yields  potassium 
sulphocyanate  and  ally  1  sulphide  (volatile  oil  of  garlic,  p.  613) : 

2(C3H3)NCS   +    K2S    =    2KCNS    +  (C3H5)2S. 

It  likewise  yields  garlic  oil  when  decomposed  by  potassium.  Heated 
to  120°  in  a  sealed  tube  with  pulverised  soda-lime,  it  yields  sodium 
sulphocyanate  and  allyl  oxide,  the  oxidised  constituent  of  garlic 
oil: 

2(C3H6)NCS    +    Na20    =    2NaCNS    +    (C3H5)20 . 

Aqueous  potash,  soda,  baryta,  and  the  oxides  of  lead,  silver,  and 
mercury,  in  presence  of  water,  convert  oil  of  mustard  into  sinapo- 
line,  C7H12N20,  with  formation  of  metallic  sulphide  and  car- 
bonate ;  thus : 

2(C3H5)NCS  +  3PbO  +  H20  =  2PbS  +  PbC03  +  CrH12N20 . 

Sinapoline  is  a  basic  substance,  which  crystallises  in  colourless 
plates,  soluble  in  water  and  alcohol,  and  having  a  distinct  alkaline 
reaction. 

Oil  of  mustard  unites  readily  with  ammonia,  forming  thiosina- 

(  (OS)" 

mine,  C4H5NS.NH3,  or  allyl-sulphocarbamide,  N2  <  C3H6, 

>  ? 

which  is  also  a  basic  compound,  forming  colourless  prismatic 
crystals,  having  a  hitter  taste,  and  soluble  in  water.  The  solution 
docs  not  affect  test-paper.  Thiosinamine  melts  when  heated,  but 
cannot  be  sublimed.  Acids  combine  with  it,  but  do  not  form 
crystallisable  salts;  the  double  salts  of  the  hydrochloride  with 
platinic  ami  mercuric  chloride  are  the  most  definite. 

Thiosinamine  is  decomposed  by  metallic  oxides,  as  lead  oxide 
or  mercuric  oxide,  with  production  of  a  metallic  sulphide  and 
ainamine,  C4HnN2,  a  basic  compound  which  crystallises  very 
slowly  from  a.  concentrated  aqueous  solution  in  brilliant,  colour- 
less crystals  containing  water.  It  has  a  powerfully  bitter  taste,  is 
strongly  alkaline  to  test-paper,  and  decomposes  ammonium-suits  at 
the  boiling  heat,  [ts  oxalate  is  crystallisable.  The  formation  of 
sinamine  irem  thiosinamine  by  the  action  of  mercuric  oxide  is 
represented  by  the  equation.  C4H8N.,S  +  HgO  =  HgS  +  H.,0  + 

Seleniocyanates. — A  aeries  of  sails  containing  selenium,  and 
corresponding  in  composition  and  properties  with  the  sulpno- 
cyanates,  have  been  discovered  and  examined  by  Mr.  Crookes.* 
•  .Journal  of  the  Chemical  Society,  iv.  12. 
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Melam,  CgHgN^ — This  name  is  given  by  Liebig  to  a  buff- 
coloured,  insoluble,  amorphous  substance,  obtained  by  the  distil- 
lation of  ammonium  sulphocyanate  at  a  high  temperature.  It 
may  be  prepared  in  large  quantity  by  intimately  mixing  1  part 
of  perfectly  dry  potassium  sidphocyanate  with  2  parts  of  pow- 
dered sal-ammoniac,  and  heating  the  mixture  for  some  time  in 
a  retort  or  flask :  carbon  bisulphide,  ammonium  sulphide,  and 
sulphuretted  hydrogen,  are  disengaged  and  volatilised,  while  a 
mixture  of  melam,  potassium  chloride,  and  sal-ammoniac  remains ; 
the  two  latter  substances  are  removed  by  washing  with  hot 
water.  Melam  dissolves  in  concentrated  sulphuric  acid,  and 
gives,  by  dilution  with  water  and  long  boiling,  cyanuric  acid.  The 
same  substance  is  produced,  with  disengagement  of  ammonia, 
when  melam  is  fused  with  potassium  hydrate.  When  strongly 
heated,  melam  is  resolved  into  mellone  and  ammonia. 

If  melam  be  boiled  for  a  long  time  in  a  moderately  strong 
solution  of  caustic  potash,  until  the  whole  is  dissolved,  and  the 
liquid  be  then  concentrated,  a  crystalline  substance  separates  on 
cooling,  which  is  called  melamine.  By  re-crystallisation  it  is 
obtained  in  colourless  crystals,  having  the  figure  of  an  octohedron 
with  rhombic  base ;  it  is  but  slightly  soluble  in  cold  water,  fusible 
by  heat.  Melamine  is  also  formed  on  heating  cyanamide  to  150°, 
and  even  on  evaporating  an  aqueous  solution  of  that  substance. 
It  contains  CgHgNg,  and  acts  as  a  base,  combining  with  acids  to 
form  crystallisable  compounds.  A  second  basic  substance,  called 
am  m  el  in  e,  very  similar  in  properties  to  melamine,  is  found  in 
the  alkaline  mother-liquor  from  which  the  melamine  has  separated; 
it  is  thrown  down  on  neutralising  the  liquid  with  acetic  acid.  The 
precipitate,  dissolved  in  dilute  nitric  acid,  yields  crystals  of  aurnie- 
line  nitrate,  from  which  the  pure  ammeline  may  be  separated  by 
ammonia.  It  forms  a  glistening  white  powder  composed  of  minute 
needles,  insoluble  in  water  and  alcohol,  and  contains  C3H5N50. 
When  ammeline  is  dissolved  in  concentrated  sidphuric  acid,  and 
the  solution  mixed  with  a  large  quantity  of  water,  or,  better, 
spirit  of  wine,  a  white,  insoluble  powder  falls,  which  is  called 
ammelide,  and  is  found  to  contain  C0H9NgO3. 

By  the  action  of  acids  or  alkalis,  melamine  may  be  converted 
into  ammeline,  ammelide,  and,  lastly,  into  cyanuric  acid,  water 
being  assimilated  and  ammonia  evolved : 


C3HCN0 

Melumine. 

+ 

H20 

=  C3H5N50 

Ammeline. 

+ 

NH3 

2C3H6N50 

Ammeline. 

+ 

HsO 

=  C6H9N903 

Ammelide. 

+ 

NH3 

C0H9N9O3 

Ammelide, 

+ 

3H20 

=  2C3H3N303 
Cyanuric  acid. 

+ 

3NH3 

MELLONIDES — AMINES. 
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Mellone  and  its  Compounds. — The  formation  of  mellone  as 
a  residuary  product  of  the  action  of  heat  on  persulphocyanogen, 
and  upon  melarn,  has  been  already  mentioned.  This  substance, 
which  does  not-  appear  to  have  been  obtained  in  a  state  of  purity, 
possesses  the  properties  of  an  organic  radical.  At  a  high  tempera- 
ture it  combines  directly  with  potassium,  producing  a  well-defined 
saline  compound,  tripotassic  mellonide,  K3C0H13,  and  the  same  salt 
is  produced  in  the  action  of  mellone  upon  potassiiun  bromide  and 
iodide,  bromine  and  iodine  being  liberated.  A  better  method  of 
preparing  it  consists  in  fusing  crude  mellone  with  potassiiun  sul- 
phocyanate.  It  may  also  be  produced  by  melting  the  ferrocyanide 
with  half  its  weight  of  sulphur.  The  fused  mass  obtained  by 
either  process  is  dissolved  in  boiling  water,  from  which  the  tri- 
potassic mellonide  crystallises  on  cooling,  and  may  be  purified  by 
repeated  crystallisation.  Acetic  acid  converts  this  salt  into  dipo- 
tassic  mellonide,  K2HC8H13,  which  is  also  soluble.  Hydrochloric 
acid  produces  the  monopotassic  salt,  KH2C9N13,  which  is  insoluble. 
These  three  salts  stand  to  each  other  in  the  same  relation  as  the 
several  salts  of  phosphoric  and  cyanuric  acids.  Tripotassic  mel- 
lonide produces,  with  soluble  silver  salts,  a  white  precipitate, 
Ag3C9H13 ;  with  lead  salts  and  mercury  salts,  precipitates  contain- 
ing respectively  Pb3(CgH13)2  and  Hg3(CgH13)2.  The  latter,  dis- 
solved in  hydrocyanic  acid  and  treated  with  sulphuretted  hydrogen, 
yields  hydromellonic  acid,  H3C9H13,  which  is  known  only  in  solu- 
tion, has  an  acid  taste,  and  is  decomposed  by  evaporation. 


Compound  Ammonias  or  Amines. 

These  names  are  given  to  a  class  of  compounds  derived  from 
ammonia,  NH3,  by  substitution  of  alcohol-radicals  for  hydrogen, 
these  radicals  being  either  monatomic  or  polyatomic ;  the  substi- 
tution may  take  place  in  one,  two,  or  a  greater  number  of  ammonia 
molecules,  thus  giving  rise  to  monamines,  diamines,  tria- 
mines,  &c.  Moreover,  the  nitrogen  in  tbese  bases  may  be 
replaced  by  phosphorus,  arsenic,  or  antimony,  giving  rise  to 
pnosphines,  arsines,  and  stibines,  bases  analogous  in  com- 
position and  properties  to  the  amines.  The  natural  organic  bases, 
or  alkaloids,  found  in  plants,  and  certain  artificial  bases  whose 
constitution  has  not  been  very  exactly  made  out,  will  be  treated 
in  an  appendix  to  the  alcoholic  ammonias. 


AMINES  DERIVED  PROM  monatomic  iLCOHOLS. 

Ammonia,  ML,  may  give  up  one,  two,  or  all  three  of  its 
hydrogen-atoms  in  exchange  for  univalent  alcohol-radicals  (methyl 
and  its  homologies,  for  example),  producing  primary,  secondary, 
and  tertiary  amines.    If  A,  B,  C  denote  three  such  alcohol-radicals, 
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AMINES. 


the  amines  formed  by  substituting  them  for  hydrogen  in  ammonia 
will  be  represented  by  the  general  formulae : 

(A  (A  (A 

N  \  H  N  \  B  N 

U  (H  (C 

Primary.  Secondary.  Tertiary. 

In  the  secondary  and  tertiary  amines  the  alcohol-radicals  denoted 
by  A,  B,  C  may  be  either  the  same  or  different ;  for  example : 


Secondary. 


Tertiary. 


(CH3 
|cH3 

Dimethyl- 
amine. 


(CH3 
N  I  C,H5 
(H 

Methyl- 
ethyl  amine. 


Dimethyl- 
ethylamine. 


(GEL 
N  \  C,HS 

(c:hu 

Methyl-ethyl- 
amylamine. 


It  is  clear  that  amines  containing  only  univalent  alcohol-radicals 
must  be  derived  from  only  one  molecule  of  ammonia :  for  to  bind 
together  two  or  more  such  molecules  would  require  the  introduc- 

N  ( 

a  polyatomic  radical 


tion  of 


thus 


N 


n  (C2H4)"  is  a  stable  com- 


pound,  but  such  a  compound  as  ^  <  (C2H5)2  would  split  up  into 

(  H2 
(  IT 

two  molecules,  each  consisting  of  N  <  ^  2g  .     In  other  words, 

amines  derived  from  monatomic  alcohols  must  be  monamines. 

These  amines  are  basic  compounds  more  or  less  resembling 
ammonia  in  odour,  having  an  alkaline  reaction  on  vegetable 
colours,  and  uniting  with  acids  to  form  salts  which  are  analogous 
in  composition  to  the  ammonium-salts,  and,  like  the  latter,  may 
be  regarded  either  as  compounds  of  ammonia-molecules  with 
acids,  or  of  annnonium-molecides  with  halogen  elements  and  acid 
radicals  analogous  thereto  (see  p.  343) ;  thus : 


NH3 

Ammonia. 

Ethyl- 
amine. 

NH(C2H6)2 
Diethyl- 
amine. 

N(C2Hfi)3 

Triethvl- 


+ 
+ 


HC1  = 


HC1  = 


NH4.C1, 
NH3(C2H5).C1, 


+  HC1  =  NH2(C2H6)2.C1, 
+  HC1     =  NH(C2H6)3.C1, 


Ammonium  chlo- 
ride. 
Ethvlammonium 

chloride. 

Diethyhimmonium 
chloride. 

Triethylammonium 
chloride. 


2N(C2H5)3    +  H2S04 

Triethyl- 
amine. 


[NH(C2H5)3]2S04,  Triethylammonium 

sulphate. 


AMINES.  §73 

All  the  salts  of  these  amines,  when  heated  with  potash.  oive  0ff 
the  amine,  just  as  ammonia-salts  give  off  ammonia. 

The  tertiary  amines  can  unite  with  the  chlorides,'  &c,  of  alcohol- 
x-^tIV11  the  same  mauner  as  with  acids:  thus  triethylamine 
-N (c  .'I.-.  :•  unites  directly  with  ethyl  iodide,  C.,H-I,  forming  a  com- 
Ci!1^  be  re8arded  either  as  triethylamine  ethyliodide, 
iN  (UH-) . .  1 41. 1,  or  as  tetrethylammonium  iodide,  N(C.,H.)4I  Now 
this  iodide,  when  heated  with  potash,  does  not  give  off  ammonia 
or  a  volatile  ammonia-base ;  hut  when  heated  with  siver  oxide 
and  water,  it  is  converted,  by  exchange  of  iodine  for  hvdroxyl 
into  a  strongly  alkaline  base,  called  tetrethylammonium  'hydrate, 
which  may  be  obtained  in  the  solid  state,  and  exhibits  reactions 
closely  analogous  to  those  of  the  fixed  caustic  alkalis.  Its  forma- 
tion is  represented  by  the  equation  : 

N(C2H5)4I    +    KOH    =    KI    +  N(C2H6)4(OH). 

Moreover  this  base  can  exchange  its  hydroxyl  for  chlorine  bro- 
mine, and  other  acid  radicals,  just  like  potash  or  soda,  forming 
solid  crystalhsable  salts  like  the  iodide  above  mentioned  These 
compounds  containing  four  equivalents  of  alcohol-radical  are 
m  fact,  analogous  m  every  respect  to  ammonium-salts,  excepting 
that  the  corresponding  hydrates  are  capable  of  existing  in  the 
solid  state;  whereas  ammonium  hydrate,  NH4(OH),  splits  up,  as 
soon  as  formed,  into  ammonia  and  water.  The  radicals  N(C,H  )„ 
&c  corresponding  to  ammonium,  are  not  known  in  the  free  state' 
•  monanunes  containing  more  than  one  carbon-atom  are  sus- 
ceptible of  isomeric  modifications  similar  to  those  of  the  alcohols  • 

SfeSft  me'  WC2H«)>  is  iso™ric  with  dimethylamine,' 
iNH(CH,)2;  propylamine,  NH2(C3H7),  is  isomeric  with  methvl- 
ethylamme,  Nrf{bH3)(C2H5),  andViUi  trimethylamine,  nTchX 
&c,  &c  the  number  of  possible  modifications  of  course  increas- 
ing with  the  complexity  of  the  molecules.   Moreover,  a  monamine 

tione;n1T>IraT'  fT'"1/"7?  OT  J?*1?*  ^  admit  °f  m°difica- 

?0b1^  ,tsolf;  thus  the  Primary  monamine, 
J>m2(Url7),  may  exhibit  the  two  following  modifications  ■ 

(CH^CH,  tCBmi. 

I H  (  H 

Propylamine.  tsopropylamine. 

A  n  instance  of  isomerism  of  this  latter  kind  has  been  observed 
by  Wurtz  m  amylamine,  NH2(C6HU) 

Amines  may  of  course  be  formulated  on  the  methane  or  marsh- 
gas  Lype  instead  n\  the  ammonia  type,  the  radical  amidogen,  Nil.,, 
axd  others  derived  from  it,  being  substituted  for  an  atom  of 
hydrogen  :  thus : 
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fH 

fCH3 

'H 

0- 

H 
H 

H  C' 

H 
H 

c- 

H 
H 

H 
H 

Ih 

.NH2 

lNH(CH3) 

IN(CH3).2 

Methane. 

Methy]- 
amine. 

Ethyl- 
amine. 

Dimethyl- 
amine. 

Trimethyl- 
amine. 

This  mode  of  representation  is  convenient  in  some  cases,  but 
the  amines  and  their  salts  are  so  closely  related  to  the  ammonia- 
compounds  in  their  modes  of  formation  and  transformation,  that 
they  are  for  the  most  part  more  appropriately  represented  by  for- 
mulae derived  from  ammonia,  NH3,  and  sal-ammoniac,  NH4C1. 

A  great  number  of  amines  and  their  salts  have  been  obtained, 
but  the  limits  of  this  work  will  not  allow  us  to  describe  more  than 
the  most  important  of  those  containing  the  radicals,  methyl,  ethyl, 
amyl,  and  phenyl.  In  describing  them  it  will  be  convenient  to 
make  a  slight  departure  from  the  natural  order,  and  commence  with 
the  ethyl  bases,  which  have  been  more  completely  studied  than 
their  homologues. 


BASES  OP  THE  ETHYL  SERIES. 

Ethylamine,  or  Ethyl-ammonia,  C2H7N  =  NH2(C2H5). — 
On  digesting  ethyl  bromide  or  iodide  with  an  alcoholic  solution  of 
ammonia,  the  alkaline  reaction  of  the  ammonia  gradually  disap- 
pears ;  and  ou  evaporating  the  solution  on  the  water-bath,  a  white 
crystalline  mass  is  obtained,  which  consists  chiefly  of  ethyl-ammo- 
nium bromide  or  iodide  :  NH3  +  C2H5I  =  NH3(C2H6)I.  On  dis- 
tilling this  salt  in  a  retort  provided  with  a  good  condenser,  with 
caustic  lime,  the  ethylaniine  is  liberated  and  distils  over : 

2NH2(C2H6)I  +  CaO  =  2NH2(C2H5)  +  H20  +  Cal2. 

Another  method  of  preparing  this  compound,  and,  indeed,  the 
method  by  which  it  was  first  obtained  by  Wurtz,  consists  in  sub- 
mitting ethyl  isocyanate  to  the  action  of  potassium  hydrate. 
Cyanic  acid  (p.  859),  when  treated  with  boiling  solution  of  potash, 
splits  into  carbon  dioxide  and  ammonia;  and  ethyl  isocyanate 
(p.  862)  suffers  a  perfectly  analogous  decomposition,  yielding  car- 
bon dioxide  and  ethylamine : 

CNHO   +   2KH0   =   K2C03  +  NH3 

Cyanic  ncid,  Ammonia. 

CN(C2H5)0  +  2KHO   =   KaCOs  +  N(H2C2H5) 

Ethyl  isocyanate.  Ethylamine. 

Ethyl  isocyanurate,  polymeric  with  the  isocyanate,  likewise 
gives  off  ethylaniine  when  boiled  with  potash. 
Ethylamine  is  a  very  mobile  liquid,  of  sp.  gr.  0-6964,  at  8°. 
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boiling  at  19°.  The  specific  gravity  of  its  vapour  is  1-57  It  has 
a  most  powerful  amnioniacal  odour,  and  restores  the  blue  colour 
to  reddened  litmus-paper.  It  produces  white  clouds  with  hydro- 
chloric acid,  and  is  absorbed  by  water  with  great  avidity  With 
acids  it  forms  a  series  of  neutral  crystaUisable  salts  perfectly  ana- 
logous to  those  of  ammonia.  J 

Ethylamine imitates,  moreover,  in  a  remarkable  manner  the 
deportment  of  ammonia  with  metallic  salts.  It  precipitates  the 
salts  of  magnesium,  aluminium,  iron,  manganese,  bismuth,  chro- 
mium uranium,  tin,  lead  and  mercury;  zinc-salts  yield  a  white 
Precipitate  which  is  soluble  in  excess.  Like  ammonia,  ethyl- 
amine dissolves  silver  chloride,  and  yields  with  copper-salts  a  blue 
precipitate,  which  is  soluble  m  an  excess  of  ethylamine.    On  add- 

i'KTcVrnrrwf^1'  a  ^  precipitate  of  diet1^1- 

ommicle,_  JN2(Uj02)  H9(C2H5)„,  is  produced :  a  compound  analogous 
to  oxanuc  acid  (p  720)  has  also  been  obtained.  Ethylamine  may 
however,  be  readily  distinguished  from  ammonia  :  its  vapour 

NH  ^Si'p^p!  11  Pr^8  W^th  Pktinic  cMoride>  a  saIt 
tiff 3^  2!  IT  J?  4'  C17stalllsmg  in  golden  scales,  which  are 
rather  soluble  in  water.  Treated  with  "chlorine,  it  yields  ethyl! 
ammonium  chloride  and  dichlorethylamine,  XcLcA,  a  yellow 
wil^f  hf  a  Penetot^g,  tear-exciting  olour, "and  when 

ss^^r^ mto  mnia' pota™ acetate- 

NCJ^CTO  +  3KHO  =  C2H3K02  +  2KC1  +  NH3  +  H20. 

PtwfSfT116  a  d™P°Sed  b7  ^trous  acid,  with  formation  of 
ethyl  nitrite  and  evolution  of  nitrogen  : 

C2H7N    +    2HN02    =    C2H5N02    +    2H20    +  N2. 

The  same  reaction  takes  place  with  methylamine  and  other  bases 
ot  the  series  and  the  nitrous  ethers  thus  produced  are  easily  con- 
TV™ £    1   I  Tre«P°ndinS  al™hols  by  distillation  with  potash. 

LoP  an  'nes  L^h86'  "f-  °bserVed  ^  857)>  are  converted 

SocesITafforL  ^  aCtl°n  offnascent  hydrogen.    This  series  of 

scrfes  to  \hl  \  feanS  ,°f  PaSSmg  from  any  a]coho1  of  the 
«  nea  to  the  next  bighest-thus :  methyl  alcohol,  CH,OH  yields 

of  v  !i '  i  no  1      ?,  h?  na?cent  hydrogen  into  ethylamine ;  and  the 
ethylamine  by  nitrous  acid  into  ethyl  nitrite. 

amY^CT  t  ?pour  of  <7amc  acid  into  a  solution  of  ethyl- 
;  .'  l.f  }\  ,becomea  hot,  and  deposits,  after  evaporation, 
SI(C2H°)N  0  7  C^N  +  CNHO  _  c3HX0  or 

Diethylamine,  04HirN  =  NH(C2H6)2.-A  mixture  of  the 
Borons  of  ethylamine  and  ethyl  broimde,  heated  in  a  sealed 
tube  for  several  hours,  solidifies  to  a  crystalline  mass  of  diethyl* 
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ammonium  bromide :  NH2(C2H5)  +  C2H6Br  =  NH2(C,Hs)2Br. 
This  bromide, distilled  with  potash,  yields  diethylamine  as  a  colour- 
less liquid,  still  very  alkaline,  and  soluble  in  water,  but  less  so 
than  ethylamine.  This  compound  boils  at  57 '5°.  It  forms  beau- 
tifully crystallisable  salts  with  acids.  A  solution  of  diethyl- 
ammonium  chloride  forms  with  platinic  chloride  a  very  soluble 
double  salt,  2NH2(C2Hft)2Cl .  PtCl4,  crystallising  in  orange-red 
grains,  very  different  from  the  orange-yellow  leaves  of  the  cor- 
responding ethyl-ammonium  salt. 

Diethylamiiie  behaves  with  cyanic  acid  like  ammonia  and  ethyl- 
amine,  giving  rise  to  diethyl-urea,  CH2(C2H5)2N20. 

Triethylamine,  CeH15N  =  (C2H5)3. — The  formation  of  this 
body  is  perfectly  analogous  to  that  of  ethylamine  and  of  diethyl- 
amine.  On  heating  for  a  short  time  a  mixture  of  diethylamiiie 
with  elhyl  bromide  in  a  sealed  glass  tube,  a  beautiful  fibrous 
mass  of  triefhyl-ammonium  bromide  is  obtained,  from  which  the 
triethylamine  may  be  separated  by  potash.  Triethylamine  is  a 
colourless,  powerfully  alkaline  liquid,  boiling  at  91°.  The  salts 
of  this  base  crystallise  remarkably  well.  With  platinic  chloride 
it  forms  a  very  soluble  double  salt,  2NH(C2H.)3Cl.PtCl4,  which 
crystallises  in  magnificent,  large,  orange-red  rhombs. 

The  action  of  ethyl  iodide  or  bromide  on  ammonia  gives  rise  to 
the  simultaneous  formation  of  the  three  ethylated  bases,  which, 
though  differing  considerably  in  their  boiling  points,  can  scarcely 
be  separated  by  fractional  distillation.  The  separation  succeeds, 
however,  by  digesting  the  mixture  of  these  three  bases  with 
anhydrous  ethyl  oxalate.  Ethylamine  is  thus  converted  into 
diethyloxamide : 

C204(C2Hs)2  +  2NH2(C2H6)=2C2H6(OH)  +  N2(C202)''H2(C2H5)2 , 

Etliylic  oxalate.         Ethylamine.  Alcohol.  Diethyl-oxaiuide. 

and  diethylamiiie  forms  ethylic  diethyloxamate  : 

C204(C2H6)2  +  NH(C2H5)2=C2H5(OH)  +  C202[N(C2H6)2](OC2H6) ; 

Etliylic  oxalate.      Diethylamine.  Alcohol.  Ethylic  diethyloxamate. 

whereas  triethylamine  does  not  combine  with  oxalic  ether.  The 
separation  is  carried  out  in  the  following  maimer  : 

The  product  of  the  action  of  ethyl  oxalate  upon  the  mixture  of 
ethyl  bases  is  distilled  in  the  water-bath,  whereupon  pure  triethyl- 
amine passes  over ;  and  on  treating  the  residue  with  boiling  water, 
diethyloxamide  is  dissolved,  while  ethylic  diethyloxamate  remains 
as  an  insoluble  layer  floating  upon  the  hot  solution :  it  may  be 
separated  by  a  tap-funnel.  Diethyloxamide  treated  with  potash 
yields  pure  ethylamine,  while  pure  diethylamine  is  obtained  by 
treating  ethylic  diethyloxamate  with  the  same  reagent. 

Tetrethyl-ammonium  Hydrate,  C8H21NO  =  N(C2Hfi)4(OH). 
— When  anhydrous  triethylamine  is  mixed  with  dry  ethyl  iodide, 
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a  powerful  reaction  ensues,  the  mixture  enters  into  ebullition 
and  solidifies  on  cooling  to  a  white  crystalline  mass  of  tetrethyl' 
ammonium  iodide :  N(C2H5)3  +  C2H=I  =  N(C2H5)4I.    This  iodide 
is  readily  soluble  in  hot  water,  from  which  it  crystallises  on  coolino- 
in  beautiful  crystals  of  considerable  size.    This  substance  is  not 
decomposed  by  potash :  it  may  be  boiled  with  the  alkali  for  hours 
without  yielding  a  trace  of  volatile  base.    The  iodine  may,  how- 
ever, be  readily  removed  by  treating  the  solution  with  silver-salts 
If  in  this  case  silver  sulphate  or  nitrate  be  used,  we  obtain  to- 
gether with  silver  iodide,  the  sulphate  or  nitrate  of  tetrethyl- 
ammonium,  which  crystallises  on  evaporation  ;  on  the  other  hand 
it  the  iodide  be  treated  with  freshly  precipitated  silver  oxide,  the 
hydrate  of  tetrethyl-ammonium  itself  is  separated.    On  filtering 
oft  the  silver  precipitate,  a  clear  colourless  liquid  is  obtained" 
which  contains  the  isolated  base  in  solution.    It  has  a  strongly 
alkaline  reaction,  and  intensely  bitter  taste.     The  solution  of 
tetrethyl-ammonium  hydrate  has  a  remarkable  analogy  to  potash 
and  soda.    Like  these  substances,  it  destroys  the  epidermis  and 
saponifies  fatty  substances,  with  formation  of  true  soaps  With 
metallic  salts  it  exhibits  exactly  the  same  reactions  as  potash 
On  evaporating  a  solution  of  the  base  in  a  vacuum,  long  slender 
needles  are  deposited,  which  are  evidently  the  hydrate  with  an 
additional  amount  of  crystallisation-water.  After  some  time  these 
needles  disappear,  and  a  semi-solid  mass  is  left,  which  is  the 
hydrate  of  tetrethyl-ammonium.    A  concentrated  solution  of  this 
substance  in  water  may  be  boiled  without  decomposition,  but  on 
heating  the  dry  substance,  it  is  decomposed  into  pure  triethyl- 
amine,  water,  and  ethylene  gas  : 

N(C2H5)4(OH)    =    H20    +    N(C2H5)3    +  C2H4. 
Tetrethyl-ammonium  hydrate  forms  neutral  salts  with  acids 
Ihese  salts  are  mostly  very  soluble ;  several  yield  beautiful  crystals 
The  platinum  salt,  2N(C2HS)4CI.  PtCl4,  forms  orange-yellow octo^ 
pktini'c'sllt  Ut  "  S°luble  88  the  responding  potassio- 
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Methylamine,  CHr;N  =  NH2(CH,).-The  formation  and  the 
method  of  preparing  this  compound  from  methyl  cyanate  are  per- 
fectly analogous ito  those  of  etnylamine  (p.  874) :'  but  methylamine 
being  a  gas  at  the  common  temperature,  it  is  necessary  to  cool  the 
receiver  by  a  freezing  mixture.  The  distillate,  which  isan  aqueous 
solution  oi  methylamine,  is  saturated  with  hydrochloric  acid,  and 
evaporated  to  dryness.  A  crystalline  residue  is  thus  obtained, 
consisting  of  methylammonium  chloride,  and  this,  when  distilled 
with  dry  lime,  yields  methylamine  gas,  which,  like  ammonia  gas, 
must  be  collected  over  mercury.    It  is  distinguished  From  ammonia 
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by  a  slightly  fishy  odour,  and  by  the  facility  with  which  it  hums. 
Methylamine  is  liquefied  at  about  -  18°:  its  sp.  gr.  is  1-08.  It 
is  the  most  soluble  of  all  gases;  at  12°,  one  volume  of  water 
absorbs  1040  volumes  of  the  gas.  It  is  likewise  very  readily 
absorbed  by  charcoal.  In  its  chemical  deportment  with  acids  and 
other  substances,  methylamine  resembles  in  every  respect  ammonia 
and  etbylamine.  Methylamine  apjrears  to  be  produced  in  a  great 
number  of  processes  of  destructive  distillation :  it  has  been  formed 
by  distilling  several  of  the  natural  organic  bases,  such  as  codeine, 
morphine,  caffeine,  and  several  others,  with  caustic  potash ;  fre- 
quently a  mixture  of  several  bases  is  produced  in  this  manner. 

Among  the  numerous  derivatives  already  obtained  with  this  sub- 
stance, methyl-urea,  CH3(CH3)N20,  dimethyl-urea,  CH2(CH3)2N20, 
and  methyl-ethyl-urea,  CH2(CH,)(C2H5)N20,  may  be  mentioned. 
A  series  of  platinum-bases,  analogous  to  those  produced  by  the 
action  of  ammonia  upon  platinous  chloride  (p.  423),  have  likewise 
been  obtained  with  methylamine. 

Dimethylamine ,  C2H7N  =  NH(CH3)2,  isomeric  with  ethylamine, 
is  prepared  by  the  action  of  ammonia  on  methyl  iodide.  Its 
separation  from  the  methylamine  and  trimethylamine  simultane- 
ously formed,  is  accomplished  by  means  of  oxalic  ether  (p.  876). 

Trimethylamine,  C3H9N  =  N(CH3)3,  is  readily  obtained,  in  a 
state  of  perfect  purity,  by  submitting  tetramethyl  -  ammonium 
hydrate  to  the  action  of  heat.  It  is  gaseous  at  the  common  tem- 
perature, but  liquefies  at  about  90°  to  a  mobile  liquid  of  very 
powerfully  alkaline  reaction.  Trimethylamine  produces  very 
soluble  salts  with  acids.  The  platinum-salt,  2NH(CH3)3C1 .  PtCl4 , 
is  likewise  very  soluble,  and  crystallises  in  splendid  orange-red 
octohedi'ons.  Large  quantities  of  trimethylamine,  or  one  of  its 
isomerides,  have  been  found  in  the  liquor  in  which  salt  herrings 
are  preserved. 

Tetrametliyl-ainmoniumHydi-ate,C1H13NO  =  N(CH3)i(OH). 
— The  corresponding  iodide  may  be  obtained  by  adding  methyl 
iodide  to  trimethylamine.  The  two  substances  unite  with  a  sort 
of  explosion.  The  same  iodide  is  prepared,  however,  with  less 
difficulty,  simply  by  digesting  methyl  iodide  with  an  alcoholic 
solution  of  ammonia.  In  this  reaction  a  mixture  of  the  iodides  of 
ammonium,  methyl-ammonium,  dimethyl-ammonium,  trimethyl- 
ammoniiun,  and  tetramethyl-ammonium  is  produced,  The  first 
and  last  compounds  are  formed  in  largest  quantity,  and  may  be 
separated  by  crystallisation,  the  iodide  of  tetramethyl-annnoniuin 
being  but  sparingly  soluble  in  -water.  From  the  iodide  the  base 
itself  is  separated  by  means  of  silver  oxide.  Its  properties  are 
similar  to  those  of  the  corresponding  ethyl-compound.  It  differs, 
however,  from  tetrethyl-ammonium  hydrate  in  its  behaviour  when 
heated  (p  877),  yielding  trimethylamine  and  pin  e  methyl  alcohol, 
N(CH3),OH  =  N(CH3)3  +  CH3(OH). 
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Amylarnine,  C5H13N  =  NH2(C5HU).— Of  this  base  there  are 
two  modifications,  one  derived  from  the  amylic  alcohol  of  fermen- 
tation, the  other,  called  isoamylamine,  derived  from  secondary 
amylic  alcohol  (p.  603).  They  are  represented  by  the  following 
formula? :  & 

C  ^H?2^^^^3^'2or  N  ^^?2^^2^^^^3'2  g  f  CH^"^3^2^  j.  f  CH(CH3)[CH(CH3)2] 

(nh2  ' 

Ordinary  Amylarnine.  Isoamylamine. 
Ordinary  amylarnine  is  obtained  by  distilling  ordinary  amyl 
isocyanate  or  isocyanurate,  or  primary  amyl-nrea,  CON„Ho(C  H  ) 
with  potash ;  isoamylamine  in  like  manner  from  secondarv  amvl- 
urea,  CON2H2(CH3)(C4H9).    Both  are  colourless  liquids,  of  pene- 
trating ammomacal  odour,  and  slightly  soluble  in  water,  to  which 
they  impart  an  alkaline  reaction.    Ordinary  amylamiiie  boils  at 
93  ,  and  has  a  specific  gravity  of  0-7503  at  18° ;  isoamylamine  boils 
at  78-o  ,  and  has  a  specific  gravity  of  0755  at  0°.  Platino- 
chlonde  of  amylarnine  crystallises  in  golden-yellow  scales :  that 
ot  isoamylamine  in  fine  crystals  derived  from  a  monoclinic  prism 
The  aurochlonde  of  isoamylamine,  C5HUN.  AuCL,  forms  larae 
yellow  monoclinic  crystals.  ° 

Diamylamine,  C10H23N  =  NH(C5Hn)2.-An  aromatic  liquid, 
less  soluble  m  water,  and  less  alkaline  than  amvlamine  It  boils 
at  about  170°. 

Triamylamine,  C^N  =  N(C5HU)3.-A  colourless  liquid,  of 
properties  sinular  to  those  of  the  two  preceding  bases,  but  boiling 
at  Zbl  .  J.  lie  salts  of  triamylamine  are  very  sparingly  soluble 
in  water,  and  melt,  when  heated,  to  colourless  liquids  floating 
upon  water.  '  5 

Tetramyl-ammonium  Hydrate,  C20H45NO  =  N(CsHn),OH. 
-This  substance  is  far  less  soluble  than  the"  corresponding  oases 

Iw  nG  \  ,anl  6thyl  SerieS'  and  seParates  as  ™  <%  on 
adding  potash  to  the  aqueous  solution.  On  evaporating  the  solu- 
tion in  an  atmosphere  iree  from  carbonic  acid,  the  alkali  may  be 
obtained  m  splendid  crystals  of  considerable  size.  When  sub- 
^  lene     dlsfclllatl0n  rt  sPlits  i»to  water,  triamylamine,  and 

N(C6Hu)4OH  =  H20  +  N(C&HU)3  +  C6H10. 
In  addition  to  the  bases  already  enumerated,  the  following 
have  been  obtained  by  analogous  processes,  viz.,  treatment  of  the 
iodides  ot  the  corresponding  alcohol-radicals  with  ammonia: 
propylamine,  CJ  I,  N,  Eexylamine,  CaH16N,  heptylamine,  C,Hl7N, 
octyfamme,  C8H10fc,  and  nonylamine,  4H21tf  ' 
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BASES  OF  THE  AROMATIC  SERIES. 

In  speaking  of  the  aromatic  hydrocarbons,  we  have  explained 
that  each  of  the  hydrocarbons  homologous  with  benzene  may  be 
regarded  as  a  compound  of  phenyl  with  one  or  more  alcohol- 
radicals  of  the  methyl  series,  and  may  give  rise  to  two  series  of 
derivatives,  accordingly  as  the  hydrogen  in  the  phenyl  or  in  the 
alcohol-radical  is  replaced ;  thus  from  toluene  or  niethyl-pkenyl, 
C6H5.CH3,  are  derived  chlorotoluene,  CBH4C1.CH3,  isomeric  with 
benzyl  chloride,  C6H5.CH2C1, — and  cresol,  C0H4OH.CH3,  isomeric 
with  benzyl  alcohol,  C6H5.  CH2OH.  Each  of  these  hydrocarbons 
can  in  like  manner  yield  two  isomeric  bases,  accordingly  as  an 
atom  of  hydrogen  in  one  part  or  the  other  of  its  molecules  is 
replaced  by  amidogen,  NH2 ;  thus  from  toluene  are  derived  two 
bases  containing  C7HBN,  viz. : 

C6H4(NH2) .  CH3  C6H5 .  CH2NH2 

Toluidine.  Benzylamine. 

The  second  of  these,  benzylamine,  is  analogous  in  its  mode  of 
formation,  and  all  its  principal  characters,  to  the  bases  of  the 
methyl  series,  and  may  be  represented  by  the  formula  NH2(C7H7), 
derived  from  ammonia  by  substitution  of  the  univalent  radical, 
benzyl,  C7H7,  for  hydrogen.  But  toluidine  is  formed  in  a  different 
manner,  viz.,  by  the  action  of  reducing  agents  on  nitrotoluene, 
and  differs  in  its  chemical  relations  from  benzylamine,  much  in 
the  same  manner  as  cresol  from  benzyl  alcohol,  being  altogether  a 
less  active  substance. 

Xylidine,  C8H„N  =  C6H ,(NH9) .  (CH3)2 ;  cumidine,  C9H13N  = 
CBH4(NH2).C3H7,  and  cymicUne,  C6H3(NH,).CH3.C3H7,  bases 
homologous  with  toluidine,  are  obtained  in  like  manner  from  the 
nitro-derivatives  of  the  corresponding  hydrocarbons.  Xylylamine, 
CBH4.CH3(CH2NH2),  is  obtained  by  the  action  of  ammonia  on 
xylyl  chloride,  CSH9C1. 

Aniline,  C0H7. — There  is  but  one  aromatic  monamine  con- 
taining six  atoms  of  carbon,  viz.,  aniline,  C6H7N  ;  and  this  may  be 
regarded  indifferently,  either  as  a mido benzene,  C6H6(NH2),  or 

as  phenylamine,  N  j  .  that  is  to  say,  as  a  lower  homo- 

logue,  either  of  toluidine  or  of  benzylamine.  The  two  formula1 
just  given  are  in  fact  identical;  moreover  aniline,  both  in  its 
modes  of  formation  and  in  its  properties,  exhibits  resemblances,  on 
the  one  hand  to  toluidine  and  its  nomologues,  and  on  the  other  to 
benzylamine  and  the  monamines  of  the  methylic  series. 

Aniline  is  produced :  1.  By  heating  phenol  with  ammonia  hi 
sealed  tubes  for  two  or  three  weeks  (Laurent) 

C6H6(OH)    +    NH3    =    H20    +  NH2(C6H5). 
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The  quantity  of  aniline  thus  produced  is,  however  very  small  • 
but  Dusart  and  Bardy*  have  lately  shown  that  a  lS^fife 
may  he  obtained  by  heating  phenol  with  ammonium  chlo  ide  a  d 
fuming  hydrochloric  acid  to  315°  for  thirty  hours.-2  By  the 
benzene     J^°gen  sulPhide  and  °tber  reducing  agents  on  nitro- 

C6H5(N02)    +    3H2S    =    2H20    +    S    +  CfiH5(NH9). 
The  first  of  these  reactions  exhibits  the  relation  of  aniline  to 
benzylamine;  the  second,  its  relation  to  toluidine.-3  By  the 
action  of  caustic  potash  upon  indigo : 

C8H5NO  +  4KHO  +  H20  =  CGH7N  +  2K2C03  +  2H, 
The  name  aniline  indicates  the  relation  of  this  compound  to  the 
>SS.°UP'       b°taniCal  MIne  °f  the  ^Plant  Ling 

Preparation.— 1  From  indigo.-Powdered  indigo  boiled  with  a 
highly-concentrated  solution  of  potassium  hydrate'dissolv  s with 

a2i h7T?T '  t0  J  hTVnish-Ted  ^  -ntainin'g  an 
tnramliG  acid.  It  this  matter  be  transferred  to  a  retort  ancf  still 
further  heated  it  swells  up  and  gives  off  aniline  wh  ch  con 
denses  m  the  form  of  oily  drops  in&the  neck  of  the  retort  and  n 
he  receiver.  Separated  from  the  ammoniacal  water  by  £  it 
is  accompanied,  and  redistilled,  it  is  obtained  nearly  colouiless 

subin^y^r  anilmerfl'0m  ^trobenzene,  this  substance  is 
submitted  to  a  process  discovered  by  Zinin,  which  has  moved 
a  very  abundant  source  of  artificial  organic  bases.    An  alcoholt 
iSS*  1  mtrobe™V8  heated  with  ammonia  and  Sphu 
retted  hydrogen,  until  after  some  hours  a  precipitation  ofsul- 

StoSytS,        LTlVkjUid  "  n°W  ^  saturated  wJh 
sulphuretted  hydrogen,  and  the  process  repeated  until  sulphur 
is  no  longer  separated.    The  reaction  may  be  remark" Uy  aSele 
rated  by  occasionally  heating  or  distilling  the  Sure  The 
1  quid  is  then  mixed  with  excess  of  acid,  filtered,  boiM  to  expel 

S^atercd  nitl'°benZene'  md  tU  «-4w^e2S 

oxalate6  tlTesall  ^IT*  quite  ifc  must  lje  C01™rted  into 
deconSosed  by \S   ^  Cry8taUlSed  &0m  and  again 

B^mp  has  shown  that  the  reduction  of  nitrobenzene  may  be 
T  ,  l  ' ,  | '  ,  r  convem?*%  by  the  action  of  ferrous  acetate, 
acid  h  on  n  r?rPart  01  titrobenzene,  one  part  of  acetic 
1  V;  '  '  a"  '  fhalJ  V;n-t  of  iron  filings, 'seems,  in  Pact,  to  be 
the  best  pro  ess  or  preparing  aniline.t  The  mass  swells  violently, 
and  vci  y  capacious  retorts  are  required. 

tSlrr1^,'""'?'  '•<•<•"..  Soc!  Journal,  1872.  p.  217. 
wiuSSS?t^eM?rtliep'  the  treatment  ol  nitrobenzene  with  a 
ammonia  q        y  fiUngs  and  aceiic  Boid  reproduces  benzene  and 

3  K 
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Aniline  exists  among  the  products  of  the  distillation  of  coal, 
and  probably  of  other  organic  matters  :  it  is  formed  in  the  distil- 
lation of  anthranilic  acid,  and  occasionally  in  other  reactions. 

Aniline,  when  pure,  forms  a  thin,  oily,  colourless  liquid,  of  faint 
vinous  odour,  and  aromatic,  burning  taste.  It  is  very  volatile, 
but  has,  nevertheless,  a  high  boiling  point  (182°).  In  the  air  it 
o-radually  becomes  yellow  or  brown4  and  acquires  a  resinous  con- 
sistence. Its  density  is  1-028.  Water  dissolves  aniline  to  a  cer- 
tain extent,  and  also  forms  with  it  a  kind  of  hydrate  :  alcohol  and 
ether  are  miscible  with  it  in  all  proportions.  It  is  destitute  of 
alkaline  reaction  to  test-paper,  but  is  quite  remarkable  for  the 
number  and  beauty  of  the  crystallisable  compounds  which  it  forms 
with  acids.  Two  remarkable  reactions  characterise  this  body  and 
distinguish  it  from  all  others— viz.,  that  with  chromic  acid,  and 
that  with  solution  of  calcium  hypochlorite.  The  former  gives  with 
aniline  a  deep-greenish  or  bluish-black  precipitate,  and  the  latter 
an  extremely  beautiful  violet-coloured  compound,  the  fine  tint  of 
which  is,  however,  very  soon  destroyed.  When  nitrous  acid^  is 
passed  into  aniline,  or  when  aniline  hydrochloride  is  treated  with 
silver  nitrite,  water  and  phenol  are  produced,  and  nitrogen  is 
evolved : 

C6H7N    +   HN02    =    C6HcO    +    H20    +  N2. 

On  the  other  hand,  when  nitrous  acid  is  passed  through  an  alco- 
holic solution  of  aniline,  2  molecules  of  aniline  are  linked  to- 
gether, 3  atoms  of  the  hydrogen  being  replaced  by  1  atom  of 
nitrogen.  Azodiphenyldiamine,  the  substance  thus  produced, 
contains  C12HnN3.  The  following  equation  represents  its  forma- 
tion : 

2C6H7N     +     HN02     =     C12HUN3     +  2H20. 

By  treatment  of  azodiphenyldiamine  with  nitrous  acid,  the  same 
change  is  repeated  once  more,  three  additional  atoms  of  hydrogen 
being  again  replaced  by  one  of  nitrogen,  whereby  diazo-diphenyl- 
diamine,  C12H8N4,  is  formed  according  to  the  equation  : 

C12HUN3     +     HN02     =     C12H8N4     +  2H20. 

This  body  explodes  violently,  like  fulminate  of  silver.  Griess, 
who  discovered  these  substances,  has  succeeded  in  obtaining  simi- 
lar compounds  from  several  others  of  the  basic  derivatives  of 
aniline. 

Paraniline. — In  the  manufacture  of  aniline  upon  a  large  scale, 
several  bases,  having  much  higher  boiling  points  than  aniline,  are 
formed  ;  among  them  there  is"  a  beautifully  crystalline  compound 
called  paraniline,  polymeric  with  aniline  and  represented  by  the 
formula  C12Hl4N2  =  2CGH7N.  It  forms  two  series  of  sails.  o£ 
which  the  hydrochlorides,  C12H14N2 .  HC1  and  C12H14N2 .  2HU, 
may  be  quoted  as  examples. 
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Substitution-products  of  Aniline. 

Under  the  head  of  indigo,  a  product  of  oxidation  of  this  sub 
s  ance  will  be  noticed,  to  which  the  name  isatm  has  been  Sn 
When  isatm  is  distilled  with  an  exceedingly  concentrated  loh  Z,' 
of  caustic  potash  it  is,  like  indigo,  resolved  STietb 
dioxide  and  free  hydrogen.  In  like  manner,  cUorSn 'and di 
chorisaUn,  similarly  treated,  yield  products  analogous  to  Sine 
but  containing  one  or  two  atoms  of  chlorine  resSectivpW  irTT.' 

UH3012iN,  thus  produced,  cannot,  however,  be  obtained  hv  tb„ 
direct  action  of  chlorine  upon  aniline,  thus  differing  £Z ordinary 
substation-compounds  ;  but  aniline  may  be  reproduced  from 

itTct  MnT6  rvgent  that'-iS  CapaWe  °f  -«lng  cfior 
acetic  acid  into  ordinary  acetic  acid-namely,  an  amalgam  of 

So™  L^rtSnk?  S2kn?*  «  »»  Li  «"  — 
ex^lT7111^  f°?mS  large'  colo^ess  octohedrons,  having 
Shf  -  5  disHk^ih  ^  °f  anm»e>™7  volatile,  and  Sy 
7  11  d>stds  without  decomposition  at  a  high  temperature 

£ e  m-ZSorIhie%SSgIy  hea?d'  ^  a  red  -Wflame  Sh 
greemsn  oorclei.  It  is  heavier  than  water,  indifferent  to  vegetable 

SBSlSTfi  S/nSnni^11  ^^SfS 
gas  the  action  goes  further,  tricMoramUne,  OJLChN  E 
jSeT^Se  ^f^^^^.-hichhas  no  longer^s  c 
C  obtaineZ     COiresP°"duiS  b™e  compounds  have  also 

in^^^SrSK^-^  C°mP°Und  there  are  two 
the  acHnn  nf  ™$M»ed  as  "  and  /3,  the  former  produced  by 

pfenSdl,^ 8  °n  Mfa°P  Wlacetamide  and  oier  nSffi 
('oH4(N02))  ' 

W    |N  +  H20  =  CW30J0    +  CflH4(N02))N. 

Nitrophcnylacct-  , 

amide.  AccUc  "cid.  NitranUtaa 

SetaSbe^"  TedUCing  acU°"  °f  *****  B^PHde,  fa,  on 

eve^Thf^^  differing,  how- 

subllmes  a  Sf  rt  ,ll(J,r  ^atala    *  Nitraniline  melts  at  J41°, 
.  v   .I       ,  te8^mPe^ture,  and  leaves  a  carbonaceon 

■  i      I  ,     h,,  ||,,     B  N.tmniline  nulls  at  L08°,  boils  at  285° 

'    h  on    1    T  "  Cfidue;  at  L00°  the  crystals  subCe 

w         previous  fusion.    «  Nitraniline  dissolves  in  L250  parts  of 
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water  at  12-5° ;  /3  nitraniline  in  600  parts  at  18°  ;  both  modifica- 
tions are  much  more  soluble  in  boiling  water  ;  they  dissolve  also 
in  alcohol  and  in  ether.  Both  form  crystallisable  salts  differing 
more  or  less  in  crystalline  form. 

Diphenylamine,  NH(C6H5)2,  is  produced  by  the  distillation  of 
triphenyl-rosaniline  (aniline  blue).  It  is  a  crystalline  body,  melt- 
ing at  45°  to  a  yellow  oil,  which  boils  constantly  at  310°.  A  sub- 
stance having  the  composition  of  triphenylamine,  C18H15N,  but 
probably  not  connected  with  the  phenyl  series,  is  formed  by  sub- 
mitting the  compound  produced  by  the  action  of  cmnamic  alde- 
hyde upon  ammonium  sulphite  to  destructive  distillation,  together 
with  an  excess  of  lime. 

Cyananiline  is  formed  by  the  action  of  cyanogen  upon  amlme ; 
it  is  a  crystalline  substance  capable  of  combining  with  acids  like 
aniline,  but  very  prone  to  decomposition.  It  contains  C14H14N4  = 
(Cr,H7N)2.(CN)2,  and  is  therefore  a  compound  of  cyanogen  with 
aniline,  not  a  substitution-derivative. 

Derivatives  of  Aniline  containing  Alcohol-radicals. — By  treating 
aniline  with  iodide  or  bromide  of  methyl,  ethyl,  &c,  in  different 
proportions,  bases  are  obtained  in  which  the  hydrogen  of  the 
aniline  is  more  or  less  replaced  by  those  radicals.  Ethyl- 
aniline,  C0H0(C2H6)N,  or  NH(C2H5)(C6H5),  and  diethylamhne, 
N(aHfi)2(CfiHA  are  liquids  greatly  resembling  aiuliue;  the 
former  boils  at  204°,  the  latter  at  213-5°.  Ethylandme  treated 
with  amyl  iodide  yields  the  hydriodide  of  ciliyl-amyl-anihne, 
N(aH,X'CfiH1l)(G,,,Hs).HI,  or  iodide  of  ethyl-amyl-phenylam- 
mo^77CNH(C2H5)(C5Hu)(C0H6)I,  from  which  the  ethyl-amyl- 
aniline  may  be  separated  by  distillation  with  potash,  it  is  an 
aromatic  oil  boiling  at  262°.  When  treated  with  methyl  iodide,  it 
is  converted  into  iodide  of  methyl-ethyl-amyl-phcnylammouiu m, 
N(CH,)(C2Hs)(QH11)(C6Hr))I,  from  which  the  corresponding  hy- 
drate, N(CH.Sc'h;)(C6H11)(C6H6).OH,  may  be  obtained  by  treat- 
ment with  silver  oxide  and  water.  This  hydrate  is  very  soluble 
in  water,  powerfully  alkaline,  and  has  an  extremely  bitter  taste. 

Many  other  substitution-derivatives  of  aniline  may  be  obtained 
in  a  similar  manner. 

Toluidine,  or  Arnidotoluene,  CrH0N  =  C;H7XH.,  = 
C0H4(NH2).OH3.  This  base,  homologous  with  aniline,  exhibits 
the  three  modifications,  ortho-,  meta-,  and  para. 

Para-toluidine,  or  ordinary  toluidine,  is  obtained  by  the  action 
of  hydrogen  sulphide  or  ferrous  acetate  on  solid  nilrotoluene, 

^ft^forms  colourless  platy  crystals,  very  sparingly  soluble  in 
water  easily  in  alcohol,  ether,  and  oils;  it  is  heavier  than  water, 
has  an  aromatic  taste  and  odour,  and  a  very  feeble  alkaline  re- 
action At  45°  it  melts,  and  at  205°-206°  boils  and  distils  un- 
chansed  It  forms  well-crystallised  sails,  but  is  nevertheless  a 
weak"  base,  and,  according  to  Wanklyn,  is  absolutely  incapable  of 
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neutralising  dilute  sulphuric  acid.  It  forms  substitution-deriva- 
tives similar  to  those  of  aniline ;  those  containing  methyl  and  its 
nomologues  are  more  basic  than  toluidine  itself. 

Orthotoluidive  (also  called  pseudotoluidme),  obtained  in  like 
manner  from  liquid  nitrotoluene,  is  a  colourless  liquid,  becoming 
rose-coloured  on  exposure  to  the  air ;  it  remains  liquid  at  - 13°  has 
a  sp.  gr.  of  0-998  at  25°,  and  boils  at  197°.  This  same  modification 
is  one  of  the  constituents  of  commercial  toluidine  obtained  from 
aniline  works. 

Metatohridine  is  also  contained  in  some  varieties  of  commercial 
toluidine  and  may  be  separated  by  heating  the  liquid  for  sixteen 
hours  with  glacial  acetic  acid,  and  distilling  the  resulting  crystal- 
lised metatolylaeetaniide  with  potash.  It  crystallises  in  large 
octahedrons,  melting  at  57°,  and  boiling  with  complete  decomposi- 
tion at  240  ;  dissolves  easily  in  alcohol,  sparingly  in  water. 

Benzylamine,  C6Hfi.CH2(NH2)  or  NH2(C7H7)._This  com- 
pound metamenc  with  toluidine,  is  obtained,  together  with 
dibenzijlamine ,  NH(C7H7)2,  and  tribenzylamme,  N(C7HA,  by  the 
action  of  alcoholic  ammonia  on  benzyl  chloride,  Q.H,  CH.Cl 
(p.  /64),  the  mode  of  formation  of  these  bases  being  exactly 
analogous  to  that  of  methylamine  and  its  homologies,  and  alto- 
gether different  from  that  of  toluidine. 

Benzylamine  is  a  colourless  liquid,  boiling  at  182°-183°  (23° 
lower  than  toluidine).  It  mixes  in  all  proportions  with  water 
and  is  separated  therefrom  by  potash.  It  is  a  much  stronger  base 
than  toluidine ;  absorbs  carbon  dioxide  rapidly,  forming  a  crystal- 
me  carbonate ;  unites  readily  with  other  acids,  producing  rise  of 
temperature;  and  fumes  with  hydrochloric  acid.     The  hydro- 

9vw  m  TT^nhSnf  -in  8triated  tahles'    the  Platinochloride, 
-.Nn3(C7ri7)U.lJtU4,  m  orange-coloured  lamina?. 

Xylidine,  C8HnlSr  =  C0H,(NH2).(CHq)„  Cumidine  CH  N 

^w^u^tii),  homologous  with  toluidine,  are  obtained  in  like 
manner  by  reduction  of  the  corresponding  nitro-derivatives 
Xy he  me  bods  at  21f-216°;  cumidine  it  225°;  cymidine  at  250°. 
Aylidine  and  cumidine  form  well-crystallised  salts 

tnbes.  I  hese  three  bases  are  oily  liquids,  smelling  like  herring- 
Pickle,  lighter  than  water,  insoluble  therein,  easily  soluble  in 
alcohol  and  ether.  Xylylomine  boils  at  196°  dixylylamine  de- 
composes  at  210°.  J  J 

Oumylamtne,  the  9-carbon  base  metameric  with  cumidine  and 
homologous  with  benzylamine,  has  not  be,..,  obtained. 
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Cymylamine,  C10H15N  =  NH2(C10H13)  =  CCH4(CH3)  . 
C3H6(NH2),  is  obtained,  together  with  di-  and  tri-cymylamine,  by 
heating  cymyl  chloride  with  alcohohc  ammonia  in  sealed  tubes. 
Cymylamine  and  dicymylamine  are  oily  liquids,  boiling  with 
decomposition,  the  former  at  280°,  the  latter  above  300°.  Tri- 
cymylamine  crystallises  in  rhomboidal  laminse,  melting  at  81°-82°. 

Naphthalidine,  C10H0N  =  C10H7(NH2),  is  interesting,  as  being 
one  of  the  first  compounds  of  its  kind  produced  by  Zinin's  process. 
It  is  obtained  by  the  action  of  ammoniivm  sulphide  upon  an 
alcohohc  solution  of  nitronaphthalene,  one  of  the  numerous  pro- 
ducts of  the  action  of  nitric  acid  upon  napthahnc,  C10H8.  When 
pure  it  forms  colourless  silky  needles,  fusible,  and  volatile  without 
decomposition.  It  has  a  powerful,  not  disagreeable  odour,  and 
burning  taste,  is  nearly  insoluble  in  water,  but  dissolves  readily 
in  alcohol  and  ether;  the  solution  has  an  alkaline  reaction. 
Naphthalidine  forms  numerous  crystalline  salts. 
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These  are  bases  derived  from  two  or  three  molecules  of  am- 
monia, N2H0  and  N3H9,  by  substitution  of  bivalent  and  trivalent 
alcohol-radicals  for  a  part  or  the  whole  of  the  hydrogen.  A  portion 
of  the  hydrogen  may  at  the  same  time  be  replaced  by  univalent 
alcohol-radicals.  Diamines  are  formed  by  the  action  of  the 
chlorides,  bromides,  and  iodides  of  the  diatomic  alcohol-radicals  on 
ammonia.  The  examination  of  these  compounds  is  far  from  being 
complete. 

Ethene-dianiine  and  Diethene-diamine. — The  action  of 
ammonia  upon  ethene  dibromide  is  very  complex ;  but  among  the 
products  of  reaction  there  are  invariably  present  the  hydro- 
bromides  of  two  bases  which  are  derived  from  two  molecules 
of  ammonia,  viz.,  ethene -diamine,  C2H8N2  =  N2(C2H4)"H4,  an 
oily  liquid  boiling  at  117°,  and  diethene-diamine,  C4H10N2  = 
N2(C2H4)"2H2,  a  crystalline  solid,  boiling  at  a  high  temperature. 
The  formation  of  these  bodies,  which  saturate  two  molecides  of 
monobasic  acid,  may  be  represented  by  the  folio  wing  equations : 

2NH3  +    (C„H4)"Br0  =  [N2(C,H4)/'H0]''Br, ,  and 
4NH3  +  2(C2H4)"Br2  =  [N2(C2H4)2"H4]"Br2  +  2NH4Br . 

Distillation  with  potash  separates  the  bases  from  these  saltej 
potassium  bromide  being  formed  at  the  same  time. 

By  the  action  of  ethyl  iodide  upon  ethene-diamine  and  diethene- 
diamine,  two  series  of  ethylated  derivatives  have  been  obtained. 
We  can  here  give  only  the  names  and  formula)  of  the  iodides  : 
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Bases  derived  from  Ethene-diamine. 
Iodide  of  Ethene-diammonium     .    .    .  [N2H6(C2H4)"]'T 
Iodide  of  Diethyl-ethene-diammonium  .  [NaH4(C2H4)"(C2HB)2]"I, 
Iodide  of  Tetrethyl-ethene-diammonium  [N2H2(C2H4)''(e2Hs)4]''IS 
Iodide  of  Pentethyl-ethene-diammonium    [j^aH(C2H4)'XC2HB)5J'I  . 
Iodide  of  Hexetliyl-ethene-diamnionium    [N2(C2H4)'^C.,H5)  J'I2  *~ 

Bases  derived  from  Diethene-diamine. 
Iodide  of  Dietliene-diammonium  .    .    .  [N.,H4(C.,H4)"2]"I 
Iodide  of  Dietliyl-diethene-diammonium    ^3H2(C2H4)yC2Hfi)2]'T  . 
Iodide  of  Triethyl-dietliene-diammonium  [N"2H(C2H4)"()(C.,H5)3]"I2" 
Iodide  of  Tetrethyl-diethene-diammonium  [N2(CN2H4)"2(C2Hg)4]"I„ . 

Diethene-triamine  and  Triethene-trianiine.— More  recently 
two  other  bases  have  been  separated  from  the  product  of  the 
action  of  ethene  dibromide  upon  ammonia,  viz.,  diethene-triamine, 
(C2H4)  H.N3  and  triethene-triamine,  (C2H4)3H3N3.  The  forma- 
tion ot  these  bodies,  which  saturate  3  molecules  'of  monobasic  acid 
may  be  represented  by  the  following  eolations : 

4XH3  +  2(C2H4)"Br2  =  [N3(C2H4)"9H8]'"Br3  +  NH.Br 
6NH3  +  3(C2H4)"Br2  =  k(0M''Xf  Br33  +  3NH4Br . 

Diphenyl-ethene-diamine,  C14H1(iN2  =  N2H2(C„H4)"(C0H.),, 
andDiphenyl-chethene-diamine,ClfHlsN9  =  NiCSHj/(C  Hi 
are  produced  as  hydrobromides  by  the  action  of  ethene  bromide 
on  aniline : 

2C6H7N+   C2H4Br2  =  C14H.0N„.2HBr 

4CaHrN  +  2C2H4Br2  =  C16H18Nz.2HBr  +  2(C(.HrN.HBr) . 
They  are  crystalline  bases,  soluble  in  alcohol  and  ether. 

Methenyl-diphenyl-diamine,  C1,H10No=N„HYCHY/Yr  Tf  ^ 
a  so  called  Formyl-aniline,  is  produced  DyheaSg  an  lineS 
chloroform  to  180°  in  sealed  tubes : 

4CfiH7N  +  CH01a  .  2(CBHrN.HCl)  +  C13H12N2.  HC1 . 

The  base  separated  by  potash  is  crystalline,  soluble  in  alcohol  and 
el  her,  insoluble  m  water. 

Phenylenc-diamine,  CCH8N2  =  N2IL(C0H4)"  or  CBH4(NH2)2l 
is  formed  by  treating  dinitmbenzene  G.II (NO.,l„  witfi  acetfc 
acid  and  iron  filings.  When  freshly  distilled  it  is  a  colourless 
oil  but  gradually  solidifies  to  a  crystalline  mass,  melting  at  63°. 
boiling  near  280°,  and  distilling  Without  alteration.  It  is  v,,t 
soluble i  m  wateT  and  alcohol,  less  soluble  in  ether;  tonus  well 
crystallised  salts  containing  2  molecules  of  monobasic  acid. 

ine  distillation  oi  dinitrotoluene  and  dinitrocumene  with,  acetic 
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acid  and  iron  filings  produces  the  corresponding  liases,  toluylene- 
diamine,  C7H10N2,  and  cuniylene-diamine,  C0Hl4N2,  which 
hear  a  great  resemhlance  to  pheuylene-diarnine. 

Carbotriamine,  or  Guanidine,  CH5N3  =  N3  <  -g  . — Thishase 

is  produced :  1.  By  the  action  of  ammonia  on  chloropicrin : 

CN02C13  +  3NH3  =  2HC1  +  HN02  +  CH5N3.HC1. 

2.  By  heating  cyanamide  in  alcoholic  solution  with  sal-ammoniac : 

CH2N2    +    NH4C1    =    HC1    +  CH5N3. 

3.  Together  with  parahanic  acid,  hy  treating  guanine,  a  base 
obtained  from  guano,  with  a  mixture  of  hydrochloric  acid  and 
potassium  chlorate,  which  exerts  an  oxidising  action  : 

C5H6N50  +  03  +  H20  =  CH6N3  +  C3H2N203  +  C02. 

Guanidine  forms  colourless  crystals,  easily  soluble  in  water  and 
alcohol :  the  solution  has  a  powerful  alkaline  reaction,  and  absorbs 
carbonic  acid  from  the  air,  forming  a  carbonate,  2CH6N3.H2C03, 
which  is  also  alkaline,  and  crystallises  in  square  prisms. 

Methyl-,  phenyl-,  and  tolyl-guanidine,  are  prepared  by  the  action 
of  cyanamide  on  the  hydrochlorides  of  methylamine,  aniline,  and 
toluidine  respectively. 

Carbodiphenyl-  diamine,    or    Melaniline,    C13H13N3  = 

(  (C6H6)2 

N3  <    Civ    . — The  action  of  dry  cyanogen  chloride  upon  anhydrous 
(  H3 

aniline  gives  rise  to  the  formation  of  a  resinous  substance,  which 
is  the  hydrochloride  of  melaniline,  2CGH7N  +  CNC1  =  C13H14N3C1. 
Dissolved  in  water  and  mixed  with  potash,  this  salt  yields 
melaniline  in  the  form  of  an  oil,  which  rapidly  solidifies  to  a 
beautiful  crystalline  mass. 

Melaniline  treated  with  chlorine,  bromine,  iodine,  or  nitric 
acid,  yields  basic  substitution-products,  in  which  invariably  two 
atoms  of  hydrogen  are  replaced.  It  combines  with  one  molecule 
of  cyanogen,  (C2N2),  and  forms  salts  with  acids,  most  of  which  are 
crystallisable. 

Carbotriphenyl-triamine,  Triphenyl-guanidine,  or  Phe- 
nyl-melaniline,  C19Hl7N3  =  N^C^CgHg).,. — Aniline  when 
exposed  to  the  action  of  carbon  tetrachloride  at  a  temperature  of 
150°,  solidifies  into  a  resinous  mass,  consisting  of  a  mixture  of  the 
hydrochlorides  of  rosaniline  (p.  890),  and  of  several  other  bases, 
from  which,  by  appropriate  treatment,  a  beautiful  basic  com- 
pound may  be  extracted,  constituted  as  above.  The  formation  of 
this  body,  which  in  its  properties  closely  resembles  melaniline, 
may  be  represented  by  the  equation : 

6CaH7N  +  CC14  =  3(CGH7N.HC1)  +  C19HJ7N3.HC1 . 
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It  is  also  produced  by  several  reactions  from  diphenylsulpho- 

carbamide  or  sulphocarbanilide,  N2  <  (CLHS)2,  e.g.,  1.  By  dry  dis- 

(  H2 

tillation,  the  sulphocarbanilide  being  then  resolved  into  sulpho- 
carbanil,  N(CS)"C(iH5,  and  aniline,  and  each  of  these  compounds 
reacting  with  the  sulphocarbanilide,  so  as  to  produce  triphenyl- 
carbotriamine ;  thus: 

N2(CS)"(C(iH6)2H2  =  N(CS)"(CeH6)  +  N(C0H6)H9. 
N2(CS)"(C(jH,)2H2  +  NCSncX)  =  Ck  +  N3[C"(C6H5)3HJ. 
N2(CS)"(CBH5)2H2  +  N(CBH5)H02     =  H2S  +  4c*(cXM 

2.  By  heating  sulphocarbanilide  with  lead  chloride : 

3N2(CS)"(C6H5)2H2  +  PbCl2  =  PbS  +  CS2  +  2[N3Ci'(C6H5)3H2.HCl]. 


Aniline  Colours. 


Aniline  has  during  the  last  few  years  found  an  extensive  appli- 
cation m  the  arts,  a  long  series  of  colouring  matters  unequalled  in 
bnlliancy  and  beauty,  having,  by  the  action  of  different  oxidising 
agents,  been  produced  from  it.  It  was  Mr.  W.  H.  Perkin  who 
had  first  the  happy  idea  of  applying  practically  the  well-known 
property  possessed  by  aniline,  of  forming  violet  and  blue  solutions 
when  treated  with  a  solution  of  chloride  of  lime  or  chromic  acid. 
He  succeeded  in  fixing  these  colours,  and  bringing  them  into  a 
form  adapted  for  the  dyer.  We  will  here  notice  some  of  the  most 
important  of  these  colouring  matters. 

Aniline-purple,  Mauve.— According  to  Mr.  Perkin,  mauve  is 
prepared  by  mixing  solutions  of  aniline  sulphate  and  potassium 
bichromate  m  equivalent  proportions,  and  allowing  the  mixture  to 
stand  or  several  hours;  the  black  precipitate  formed  is  filtered 
on  and  purified  from  admixed  potassium  sulphate  by  wash  in  a 
with  water;  it  is  then  dried  and  freed  from  resinous  matter  by 
repeated  digestion  with  coal-tar  naphtha,  and  finally  dissolved  in 
? a,c"h1oL  F°r  il«  further  purification,  the  alcoholic  solution 
LS  evaporated  to  dryness,  the  substance  is  dissolved  in  a  large 
quantity  of  boiling  water,  repreeipitated  with  caustic  soda,  washed 
with  water  and  dissolved  in  alcohol;  and  the  filtered  solution  is 
evaporated  to  dryness.  Mauve  thus  prepared  Inn, is  a  brittle  sub- 
stance, having  a  beautiful  bronze-coloured  surface  :  it  is  difficultly 
soluble  in  cold  water,  although  it  imparts  a.  deep  purple  colour  to 
that  liquid:  it  ,s  more  soluble  in  hot  water,  very  soluble  in 
alcohol,  nearly  insoluble  in  ether  and  hydrocarbons:  it  dissolves 
m  concentrated  acetic  acid,  from  which  it  crystallises.    Mauve  is 
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the  sulphate  of  a  base  called  m aiive in  e,  having  the  composition 
C,0H24N4,  and  capable  of  forming  numerous  crystalline  salts  with 
acids. 

Aniline-red,  Rosaniline,  C,0H19N3. — This  substance  occurs 
more  or  less  pure  in  commerce  under  the  names  roseine,fuchsine,  ma- 
genta, azaleine,  &c.  A  red  colour  had  been  observed  at  different  times 
in  experimenting  with  aniline,  more  especially  when  that  substance 
was  digested  with  Dutch  liquid.  The  red  colouring  matter,  though 
still  impure,  was  first  obtained  in  a  separate  state  from  the  product 
formed  by  digesting  aniline  with  carbon  tetrachloride  at  150°,  in 
which  reaction  it  is  formed,  together  with  carbotriphenyltriamine. 
It  was  M.  Verguin  who  first  prepared  it  upon  a  large  scale  by  the 
action  of  stannic  chloride  upon  aniline.  Since  that  time  it  has 
been  produced  by  the  action  of  mercuric  salts,  arsenic  acid,  and 
many  other  oxidising  agents,  upon  aniline.  The  most  advan- 
tageous mode  of  preparation  is  the  following : — A  mixture  of  12 
parts  of  the  dry  arsenic  acid  which  occurs  in  commerce,  and 
10  parts  of  aniline,  is  heated  to  120°  or  140°  C.  (250°-280°  F.), 
with  addition  of  water,  for  about  six  hours.  The  product,  which 
is  a  hard  mass  possessing  the  lustre  of  bronze,  is  dissolved  in  hot 
water  and  precipitated  by  a  slight  excess  of  soda :  the  precipitate 
when  washed  with  water,  and  dissolved  in  acetic  acid,  forms  the 
roseine  of  commerce.  In  order  to  purify  this  still  crude  substance, 
it  is  boiled  with  an  excess  of  soda,  to  separate  any  aniline  that  it 
may  contain;  and  the  washed  precipitate  is  dissolved  in  very 
dilute  mineral  acid,  filtered  from  undissolved  tarry  matter,  and 
reprecipitated  with  alkali.  The  compounds  of  rosaniline  with  one 
molecule  of  acid  are  beautifully  crystallised  substances,  which  in 
the  dry  state  possess  a  green  colour  with  golden  lustre ;  with  water 
they  furnish  a  very  intensely  coloured  red  solution.  The  free 
base,  first  obtained  by  Mr.  Nicholson,  presents  itself  in  colourless 
crystalline  plates,  insoluble  in  water,  soluble  in  alcohol  and  ether, 
with  a  red  colour,  which  it  also  acquires  on  exposure  to  the  air. 
Rosaniline  in  the  anhydrous  state  is  represented  by  the  formula 
C20H19N3,  and  in  the  hydrated  state,  such  as  it  assumes  when 
isolated  from  its  compounds,  by  the  formula  C20HinN3.H2O.  It 
is  a  triamine  capable  of  forming  monoacid,  biacid,  and  Iriacid  salts. 
The  aniline  reds  of  commerce  are  monoacid  salts  of  rosaniline 
more  or  less  pure.  The  acetate,  which  is  chiefly  found  in  com- 
merce in  England,  has  been  prepared  by  Mr.  Nicholson  in  splendid 
crystals  of  very  considerable  dimensions,  having  the  composition 
C20H19N3.C2H.,O2.  In  France  the  chloride,  C,0H19N3.HC1,  is 
chiefly  employed.  The  action  of  ammonium  sulphide  upon 
rosaniline  gives  rise  to  leucaniline,  C2nH01N3,  a  base  containing 
two  additional  atoms  of  hydrogen.  This  base  is  itself  colour- 
less, and  forms  coldurless  triacid  salts,  such  as  C20H21N3. 3HC1. 
Oxidising  agents  reproduce  rosaniline. 

The  molecular  constitution  of  rosaniline  has  not  been  distinctly 
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made  out.  Neither  is  its  mode  of  formation  thoroughly  under- 
stood ;  Lut  one  very  important  fact  has  been  brought  to  light  by 
the  researches  of  Hofmann,  and  confirmed  by  the  experience  of 
manufacturers— namely,  that  pure  aniline,  from  whatever  source 
it  may  be  obtained,  is  incapable  of  fm-nishing  aniline-red.  Com- 
mercial aniline  prepared  from  coal-tar  always  in  fact  contains 
tolmdme  as  well  as  aniline;  and  Hofmann  has  shown  that  the 
presence  of  this  base,  together  with  aniline,  is  essential  to  the 
iormation  of  the  red  dye.  Toluidine  by  itself  is  just  as  incapable 
of  yielding  the  red  as  pure  aniline,  but  when  a  'mixture  of  pure 
aniline  and  pure  tohvichne  is  treated  with  stannic  or  mercuric 
chloride,  or  with  arsenic  acid,  the  red  colouring  matter  is  imme- 
diately produced.  Its  formation  may  perhaps  be  represented  by 
the  equation : 

C6H7N    +   2CrH9N    =    C20H19N3    +  3H2. 

Amluie.  Toluidine.  Rosaniline. 

/n^'v^-liue  is  doul,tless  a  thiamine,  and  the  formula  N3(ClHf)//9. 
(CCH4)  H3,  has  been  suggested  as  the  rational  expression  of  its  con- 
stitution. This,  however,  is  not  the  formula  of  a  true  triamine 
since  it  contains  only  bivalent  radicals,  and  may  be  resolved  into 
NH3+N2(C7H0)"2(CuH4y,  or  N(C6H4)"H+N2(CrHe)"2H2. 

Aniline-blue  and  Aniline-violet.— MM.  Girard  and  De 
Laire  obtained  aniline-blue  by  digesting  rosaniline  with  an  excess 
of  aniline  at  150°-160°  C.  (300°-320°  F.').  Together  with  aniline- 
blue,  which  is  the  principal  product  of  the  reaction,  several  other 
colouring  matters  (violet  and  green)  and  indifferent  substances  are 
formed  considerable  quantities  of  ammonia  being  invariably 
evolved.  The  crude  blue  is  purified  by  treating  it  successively 
with  boiling  water  acidified  with  hydrochloric  acid,  and  with  pure 
water.  The  blue  colouring  matter  is  said  to  be  obtained  from  its 
boiling  alcoholic  solution  in  brilliant  needles.  It  consists  of  the 
hydrochloride  of  triphenyl-rosaniline.  C.)0Hlr(CfH.),N,.  By  heat- 
ing rosaniline  with  ethyl-iodide,  Dr  Hofmann  has  obtained  an  ani- 
ine-violet,  having  the  composition  of  hydriodide  of  triethyl-rosani- 
Wie ,  C,0H.1B(L2HB)3N3.  Another  aniline-violet  is  produced  by 
heating  rosaniline  with  a  quantity  of  aniline  less  than  sufficient  to 
torm  ;m i Imp-blue. 

.  Other  aniline  violets  arc  produced  by  the  action  of  stannic  chlo- 
nde,  mercuric  chloride,  or  iodine  chloride  on  methyl  aniline  and 
dimethyl-ariiiine. 

Aniline  Greens—The  most  important  of  these  colours  are 
those  known  as  "aldehyde-green"  and  "iodine-green."  The  for- 
mer is  produced  by  adding  l  h  part  aldehyde  to  a.  cold  solution 
ol  magenta  m  a  mixtureof  3  parts  strong  sulphuric  acid  and  I  pari 
water.  I  la.  mixture  is  then  heated  in  a  water-bath  till  a  drop  of 
the  product  diffused  in  water  produces  a  fine  blue  colour,  and 
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then  poured  into  a  boiling  solution  of  sodium  tkiosulphate.  The 
liquid  is  then  boiled  for  a  short  time  and  filtered.  The  filtrate 
contains  the  green,  which  may  be  precipitated  by  tannin  or  by 
sodium-acetate.  Aldehyde-green  is  principally  used  iu  silk-dye- 
ing. It  is  a  salt  of  an  organic  base  which  may  be  separated  by 
means  of  soda  or  ammonia. 

Iodine-green  is  produced  by  heating  the  violets  of  triethyl-  or 
trimethyl-rosaniline  (Hofmann's  violets)  or  the  methyl-aniline 
violets,  with  iodide  of  methyl,  ethyl,  or  amyl.  The  green  thus 
obtained  with  methyl-iodide  has  a  very  fine  colour,  bluer  than 
that  of  aldehyde-green,  and,  like  the  latter,  preserves  its  colour  by 
artificial  light.    It  is  much  used  for  cotton  and  silk  dyeing. 

A  third  kind  of  aniline-green,  known  commercially  as  "  Perkin's 
green,"  resembles  the  iodine-green,  and  is  much  used  for  calico- 
printing. 

Aniline- Yellow,  Chrysaniline — In  the  preparation  of  ani- 
line-red, a  considerable  quantity  of  secondary  products  is  formed, 
from  which  Mr.  Nicholson  has  succeeded  in  extracting  a  yellow 
colouring  matter.  This  substance,  which  has  been  called  chrysani- 
line, contains  C20H17N3 :  it  is  also  a  well-defined  base,  forming  two 
series  of  salts,  the  majority  of  them  being  very  well  crystallised. 
The  two  hydrochlorides  of  chrysaniline  are  C20H17N3.HC1,  and 
C20H17N3.2HC1.  The  nitrate  of  chrysaniline  is  so  insoluble  in 
water,  that  nitric  acid  may  be  precipitated  even  from  a  dilute 
solution  of  nitrates  by  means  of  the  more  soluble  hydrochloride  or 
acetate  of  chrysaniline.  Chrysaniline  is  intimately  related  to 
rosaniline  and  leucaniline,  differing  from  the  former  by  2  and  from 
the  latter  by  4  atoms  of  hydrogen : 

Chrysaniline,  C20H17N3 

Rosaniline,  C20H19N3 

Leucaniline,  C20H21N3 . 


APPENDIX  TO  THE  ALCOHOLIC  AMMONIAS. 

Under  this  head  we  shall  include  certain  artificial  organic  bases, 
the  molecular  constitution  of  which  has  not  been  very  distinctly 
made  out ;  also  the  natural  bases  or  alkaloids  found  in  living 
organisms ;  and  the  phosphorus,  arsenic,  and  antimony  bases,  ana- 
logous in  composition  to  the  amines. 


ARTIFICIAL  ORGANIC  BASES. 
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I. — Artificial  Organic  Bases  obtained  from  various 
Sources. 

BASES  OBTAINED  BY  DESTRUCTIVE  DISTILLATION. 

The  destructive  distillation  of  organic  substances  has  furnished 
a  rich  harvest  of  basic  compounds.  A  few  of  the  more  interest- 
ing may  here  be  noticed. 

Chinoline,  C9H7N. — Quinine,  cinchonine,  strychnine,  and 
probably  other  bodies  of  this  class,  when  distilled  with  a  very  con- 
centrated solution  of  potash,  yield  an  oily  product  resembling 
aniline  in  many  respects,  and  possessing  strong  basic  powers  :  it 
is,  however,  less  volatile  than  that  substance,  and  boils  at  235°. 
When  pure  it  is  colourless,  and  has  a  faint  odour  of  bitter  almonds. 
Its  density  is  1-081.  It  is  slightly  soluble  in  water,  and  miscible 
in  all  proportions  with  alcohol,  ether,  and  essential  oils.  Chinoline 
forms  salts  with  acids,  which,  generally  speaking,  do  not  crystal- 
lise very  freely.  Chinoline  is  a  tertiary  monamine.  When  digested 
with  ethyl  iodide  it  yields  iodide  of  ethylchinoline,  C^H^NI  = 
C9H-(C2H5)NI.  Treatment  of  this  iodide  with  silver  oxide  libe- 
rates the  base  CuH12N(HO),  which  exhibits  all  the  characters  of 
the  ammonium  bases,  being  powerfully  alkaline,  easily  soluble  in 
water,  and  not  volatile.  Mr.  C.  Greville  Williams  has  shown 
that  the  basic  oil  obtained  by  distilling  cinchonine  contains,  in 
addition  to  chinoline,  a  series  of  homologous  bases,  similar  in 
their  properties  to  chinoline,  and  ranging  in  composition  from 
C10H9N  to  C10H21N,  their  general  formula  being  CnH2n— nN". 

Chinoline-blue,  Ctanine. — The  action  of  amyl  iodide  upon 
chinoline  gives  rise  to  iodide  of  amylchinoline,  C14H18NI.  Addi- 
tion of  an  excess  of  soda  to  an  aqueous  solution  of  this  iodide 
produces  a  black  resinous  precipitate,  which  dissolves  in  alcohol 
with  a  magnificent  blue  colour.  This  precipitate  is  the  iodide 
of  a  base  discovered  by  Mr.  C.  G.  Williams,  which  has  been 
'•ailed  cyanine.  The  colour  of  this  body  is  unfortunately  very 
fugitive.  According  to  recent  researches*  the  formation  of  the 
iodide  La  represented  by  the  following  equation:  2C1,H,oNI  = 
C^H^H-  HI.  "  18 

Bases,  CnH^n— sN,  metameric  with  Aniline  and  its  homo- 
logues — Coal-tar  naphtha,  and  the  volatile  oil  called  Dippel's 
oil,  obtained  by  the  distillation  of  bones  and  other  animal  matters, 
contain  several  volatile  bases  having  this  composition,  but  differing 
greatly  in  their  physical  and  chemical  properties  from  the  bases 
of  the  aromatic  group.  They  are  all.  liquid  at  ordinary  tempera- 
tures, and  react,  as  tertiary  monomines.  Their  formulas  and  boil- 
ing points  are  as  follows : 

*  Hofmann,  Compt.  vend.  Iv.  849. 
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B.P. 

Pyridine,  C5HflN,  117° 
Picoline,  C0H7N,  133° 
Lutidine,  C7H9N,  154° 
Collidine,     C8HnN,  179° 


B.P. 

Parvoline,  C9H13N,  188° 
Coridine,  C10H15N,  211° 
Rubidine,  CnHI7N,  230° 
Viridine,      C12H19N,  251° 


Pyridine  is  said  to  be  formed  artificially  by  heating  amyl  nitrate 
with  phosphoric  oxide  :  CfiHuN03-  3^0  =  C5H.N.  When  heated 
with  sodimn  it  is  converted  into  dipyridine,  C10H10N2,  a  crystal- 
line base  which  melts  at  108°,  and  sublimes  at  higher  tempera- 
tures in  needle-shaped  crystals. 

Picoline,  first  obtained  by  Anderson  from  coal-tar  naphtha,  is 
a  mobile  liquid,  having  a  strong,  persistent  odour,  and  acrid,  bitter 
taste:  sp.  gr.  (V955.  It  remains  liquid  at  —18°,  and  volatilises 
quickly  in  the  air.  It  is  strongly  alkaline  to  test-paper,  mixes 
with  water  in  all  proportions,  and  forms  crystallisable  salts. 

Dippel's  oil  likewise  contains  methylamine  and  several  of  its 
homologues. 

Pyrrol,  C4H5N,  first  observed  by  Runge  in  coal-tar,  afterwards 
obtained  by  Anderson  from  animal  oil,  is  a  very  weak  base,  whose 
compounds  with  acids  are  destroyed  by  boiling  with  water.  To 
prepare  it,  the  bases  of  animal  oil  are  dissolved  in  sulphuric  acid  ; 
the  solution,  when  submitted  to  protracted  ebullition  retains  the 
stronger  bases,  allowing  the  pyrrol  to  pass  over.  The  distillate  is 
heated  with  solid  potassium  hydrate,  when  the  pyrrol  combines 
slowly  with  the  alkali,  admixed  impurities  being  volatilised.  On 
dissolving  the  potassium-compound  in  water,  the  pyrrol  separates 
on  the  surface  as  an  oily  liquid.  Pyrrol  is  colourless,  insoluble 
in  water  and  alkalis,  slowly  soluble  in  acids :  it  has  au  ethereal 
odour  resembling  that  of  chloroform,  a  specific  gravity  =  T077, 
and  boils  at  133°.  It  is  easily  recognised  by  the  purple  colour 
which  it  imparts  to  fir-wood  moistened  with  hydrochloric  acid. 

By  heating  an  acid  solution  of  pyrrol,  a  red,  flaky  substance, 
pyrrol-red,  is  produced,  containing  C12H14N202,  the  formation  of 
which  is  represented  by  the  following  equation : 

3C4H5N    +    H20    =    C12H14N.20    +  NH3. 


BASES  OBTAINED  FROM  ALDEHYDES. 

The  bodies  called  hydramides,  produced  by  the  action  of  am- 
monia on  furfurol  (p.  842),  and  on  the  aldehydes  of  the  aromatic 
series,  are  neutral  substances,  not  capable  of  uniting  with  acids  ; 
but,  when  boiled  with  aqueous  potash,  they  are  converted,  w  ithout 
addition  or  abstraction  of  any  elements  whatever,  into  isomeric 
compounds,  which  are  strong  bases,  combining  readily  with  acids 
and  forming  definite  salts. 


FURFURINE-  ALANINE. 
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Fiirfurine,  Ci?H12N203)*  is  formed  in  the  manner  just  de- 
scribed from  fnri'uramide,  a  hydramide  obtained  by  the  action  of 
ammonia  on  furfurol.  It.  is  a  powerful  base,  forming  beauti- 
ful crystaliisable  salts,  and  decomposing  ammonia-salts  at  the 
boiling  beat.  Furfurine  is  very  sparingly  soluble  in  cold  water 
but  dissolves  iu  about  135  parts  at  100°.  Alcohol  and  ether  dis- 
solve it  freely:  the  solutions  have  a  strong  alkaline  reaction.  It 
melts  below  the  boiling  point  of  water,  and,  when  strongly  heated, 
burns  with  a  red  and  smoky  light,  leaving  but  little  charcoal. 
Its  salts  are  intensely  bitter. 

Amarine  or  Benzoline,  C.21H1SN2,  produced  in  like  manner 
from  hydrobenzamide,  separates  on  adding  ammonia  to  a  cold 
solution  of  its  hydrochloride  or  sulphate,  in  white  curdy  masses, 
which  when  washed  and  dried,  become  greatly  reduced  in  volume. 
In  this  state  it  becomes  strongly  electric  by  friction  with  a  spatula. 
It  is  insoluble  in  water,  but  dissolves  abundantly  in  alcohol :  the 
solution  is  highly  alkab'ne  to  test-paper,  and  if  sufficiently  con- 
centrated, deposits  the  amarine  on  standing  in  small,  colourless, 
prismatic  crystals.  Below  100°  it  melts,  and  on  cooling  assumes 
a  glassy  or  resinous  condition.  Strongly  heated  in  a  retort,  it 
decomposes,  with  production  of  ammonia,  a  volatile  oil  not  yet 
examined,  and  a  uew  body,  pyrobenzoline  or  lophine,  C21H16N2  (?), 
which  appears  to  be  a  feebly  basic  substance,  insoluble  in  water, 
soluble  in  boiling  alcohol.  It  is  fusible  by  moderate  heat,  and 
on  cooling  becomes  a  mass  of  colourless  radiating  needles  or 
plates.  The  salts  of  amarine  are  mostly  sparingly  soluble  :  the 
sulphate,  nitrate,  and  hydrochloride  are  crystaliisable  and  very 
definite. 

Thialdine,  Cf)H13NS2,  is  produced  by  the  action  of  sulphur- 
etted hydrogen  on  aldehyde-ammonia  (p.  747).  It  forms  trans- 
parent, colourless,  strongly-refracting  crystals,  having  the  form  of 
gypsum,  and  a  specific  gravity  =  1191.  Thialdine'  has  a  some- 
what aromatic  odour,  melts  at  43"33,  volatilises  slowly  at  common 
temperatures,  distils  unchanged  with  the  vapour  of  water,  but 
decomposes  when  heated  alone.  It  is  very  sparingly  soluble  in 
water,  easily  in  alcohol  and  ether.  It  has  no  action  mi  vegetable 
'  "lours,  but  dissolves  freely  in  acids,  forming  crystaliisable  salts. 
Heated  with  slaked  lime  it  is  said  to  yield  chinoline. 

A  very  similar  compound  containing  selenium  has  been  prepared. 

Alanine,  C3H7N02,  produced  by  treating  acetic  aldehyde  with 
hydrocyanic  and  hydrochloric  acids,  and  leucine,  CQH13'NO„,  ob- 
tained, in  like  manner,  from  valeric  aldehyde,  are  likewise  bases, 
ton.. in-  definite  salts  will,  acids ;  but  they  are  also  acids,  capable 
ot  forming  sails  by  exchanging  their  hydrogen  for  metals;  they 

*  This  remarkable  substance,  the  nearest  approach  to  the  native  alka- 
loids yet  made,  was  discovered  by  the  author  of  this  manual.  Ed. 
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have  indeed  the  composition  of  amidopropionic  and  amidocaproic 
acids,  and  as  such  have  been  already  described  (pp.  683,  687). 
Glycocine,  C2H5N0.2  (p.  681),  is  another  body  of  the  same  series 
and  possessing  similar  properties. 


II. — Natural  Organic  Bases,  or  Alkaloids. 

The  organic  alkaloids  constitute  a  remarkable  and  most  interest- 
ing group  of  bodies :  they  are  met  with  in  various  plants,  some  of 
them  also  in  the  animal  organism.  They  are,  for  the  most  part, 
sparingly  soluble  in  water,  but  dissolve  in  hot  alcohol,  from  which 
they  often  crystallise  in  a  very  beautiful  manner  on  cooling. 
Several  of  them,  however,  are  oily,  volatile  liquids.  The  taste  of 
the  vegeto-alkalis,  when  in  solution,  is  usually  intensely  bitter, 
and  their  action  upon  the  animal  economy  exceedingly  energetic. 
They  all  contain  a  considerable  quantity  of  nitrogen,  and  are 
very  complicated  in  constitution,  having  high  molecular  weights. 
This  class  of  bodies  is  very  numerous ;  but  the  limits  of  this 
elementary  work  permit  us  to  study  only  the  more  important 
members  included  in  it. 

None  of  the  organic  bases  occurring  in  plants  have  yet  been 
formed  by  artificial  means ;  and  their  constitution  is  far  from 
being  completely  understood.  There  can  be  no  doubt,  however, 
that  the  natural  alkaloids,  like  the  artificial  bases,  are  substitution- 
products  of  ammonia.  Many  of  them,  when  submitted  to  the 
action  of  methyl  or  ethyl  iodide,  are  capable  of  taking  up  a  smaller 
or  greater  number  of  atoms  of  methyl  and  ethyl,  and  their  deport- 
ment with  these  alcohol-iodides  permits  us  to  ascertain  with  great 
precision  their  degree  of  substitution.  If  a  natural  alkaloid,  when 
submitted  to  the  action  of  ethyl  iodide,  be  found  to  require  for 
conversion  into  a  base  of  the  formula, 


f  Al 
13 
C 


OH. 


D  ' 


either  1,  or  2,  or  3  atoms  of  ethyl,  we  may  infer  that  the  alka- 
loid in  question  belongs  to  the  class  of  bases  represented  by  the 
formida3 : 

(A  (A  (A 

N  \  B        or        N  <  B        or        N  \  H 
(C  (H  (H 

i.e.,  that  it  is  a  tertiary,  a  secondary,  or  a  primary  monamine.  All 
natural  alkaloids  which  have  been  examined,  with  the  exception 
of  conine,  are  tertiary  ha--.--. 
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Morphine,  or  Morphia,  C17H10NO3. — This  is  the  chief  active 
principle  of  opium :  it  is  the  most  characteristic  body  of  the  group, 
and  the  earliest  known,  dating  hack  to  the  year  1804,  when  it  was 
discovered  by  Sertiimer. 

Opium,  the  inspissated  juice  of  the  poppy-capsule,  is  a  very 
complicated  substance,  containing,  besides  morphine,  a  host  of 
other  alkaloids  in  very  variable  quantities,  combined  with  sul- 
phuric acid  and  meconic  acid  (p.  738).  In  addition  to  these, 
there  are  gummy,  resinous,  and  colouring  matters,  caoutchouc,  &c, 
besides  mechanical  impurities,  as  chopped  leaves.  The  opium  of 
Turkey  is  the  most  valuable,  and  contains  the  largest  quantity  of 
morphine :  the  opiums  of  Egypt  and  of  India  are  considerably 
inferior.  Opium  has  been  produced  in  England  of  the  finest 
quality,  but  at  great  cost. 

If  ammonia  be  added  to  a  clear,  aqueous  infusion  of  opium,  a 
very  abundant  buff-coloured  or  brownish-white  precipitate  falls, 
which  consists  principally  of  morphine  and  narcotine,  rendered 
insoluble  by  the  withdrawal  of  the  acid.  The  product  is  too 
impure,  however,  for  use.  The  chief  difficulty  in  the  preparation 
of  these  substances  is  to  get  rid  of  the  colouring  matter,  which 
adheres  with  great  obstinacy,  redissolving  with  the  precipitates, 
and  being  again  in  part  thrown  down  when  the  solutions  are 
saturated  with  an  alkali.  The  following  method,  which  succeeds 
well  upon  a  small  scale,  will  serve  to  give  the  student  some  idea 
of  a  process  very  commonly  pursued  when  it  is  desired  to  isolate 
at  once  an  insoluble  organic  base,  and  the  acid  with  which  it  is  in 
combination  : — A  filtered  solution  of  opium  in  tepid  water  is  mixed 
with  lead  acetate  in  excess ;  the  precipitated  lead  meconate  is 
separated  by  a  filter,  and  through  the  solution  containing  morphine 
acetate,  now  freed  to  a  considerable  extent  from  colour,  a  stream 
of  sulphuretted  hydrogen  is  passed.  The  filtered  and  nearly 
colourless  liquid,  from  which  the  lead  has  been  thus  removed, 
may  be  warmed  to  expel  the  excess  of  gas,  once  more  filtered,  and 
then  mixed  with  a  slight  excess  of  caustic  ammonia,  which  throws 
down  the  morphine  and  narcotine:  these  may  be  separated  by 
boiling  ether,  in  which  the  latter  is  soluble.  The  lead  meconate, 
well  washed,  suspended  in  water,  and  decomposed  by  sulphuretted 
hydrogen,  yields  a  solution  of  meconic  acid. 

Morphine  and  its  salts  are  advantageously  prepared,  on  the 
Large  scale,  by  the  process  of  Dr.  Gregory.  A  strong  infusion  of 
opium  is  mixed  with  a  solution  of  calcium  chloride,  free  from 
li  nn  ;  calcium  meconate,  which  is  nearly  insoluble,  then  separates, 
while  the  hydrochloric  acid  is  transferred  to  the  alkaloids.  By 
duly  concentrating  the  filtered  solution,  the  hydrochloride  of 
morphine  may  !«•  made  to  crystallise,  while  the  narcotine  and 
other  bodies  are  left  behind.  Repeated  reerysta.il isal ion,  and  the 
use  of  animal  charcoal,  then  suffice  to  whiten  and  purify  the 
salt,  from  which  the  base  may  he  precipitated  in  the  pure  state 
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by  ammonia.  Other  processes  have  been  proposed,  as  that  of 
Thiboumery,  which  consists  in  adding  slaked  lime  in  excess  to  an 
infusion  of  opium,  by  which  the  rneconic  acid  is  rendered  insoluble, 
while  the  morphine  is  taken  up  with  ease  by  the  alkaline  earth. 
By  exactly  neutralising  the  filtered  solution  with  hydrochloric 
acid,  the  morphine  is  precipitated,  but  in  a  somewhat  coloured  state. 

Morphine,  when  crystallised  from  alcohol,  forms  small  but  very 
brilliant  prismatic  crystals,  which  are  transparent  and  colourless. 
It  requires  at  least  1000  parts  of  water  for  solution,  tastes  slightly 
bitter,  and  has  an  alkaline  reaction.  These  effects  are  much  more 
evident  in  the  alcoholic  solution.  It  dissolves  in  about  30  parts 
of  boiling  alcohol,  and  with  great  facility  in  dilute  acids ;  it  is  also 
dissolved  by  excess  of  caustic  potash  or  soda,  but  scarcely  by  excess 
of  ammonia.  "When  heated  in  the  air,  morphine  melts,  inflames 
like  a  resin,  and  leaves  a  small  quantity  of  charcoal,  which  easily 
burns  away. 

Morphine  in  powder  strikes  a  deep-bluish  colour  with  neutral 
ferric  salts,  decomposes  iodic  acid  with  liberation  of  iodine,  and 
forms  an  orange-yellow  compound  with  nitric  acid :  these  reactions 
are  by  some  considered  characteristic. 

Crystallised  morphine  contains  C17H19N03.  H20. 

The  most  characteristic  and  best-defined  salt  of  this  base  is  the 
hydrochloride.  It  crystallises  in  slender,  colourless  needles,  arranged 
in  tufts  or  stellated  groups,  soluble  in  about  20  parts  of  cold 
water,  and  in  its  own  weight  at  the  boiling  heat.  The  crystals 
contain  3  molecules  of  water.  The  sulphate,  nitrate,  and  jihospliate 
are  crystallisable  salts  :  the  acetate  crystallises  with  great  difficulty, 
and  is  usually  sold  in  the  state  of  a  dry  powder.  The  artificial 
meconate  is  sometimes  prepared  for  medicinal  use. 

An  alcoholic  solution  of  morphine,  heated  in  sealed  tubes  with 
methyl  iodide,  forms  a  crystalline  compound,  C1SH22N03I  = 
C17Hlfl(CH3)N03I ;  this  substance  yields,  with  silver  oxide,  a  very 
alkaline  solution,  obviously  containing  an  ammonium  base.  Mor- 
phine is  therefore  a  tertiary  amine,  the  group  Cl7H1903  represent- 
ing one  or  several  radicals,  which  are  together  capable  of  replacing 
3  atoms  of  hydrogen. 

Apomorphine,  Cl7H17N02,  a  base  containing  H20  less  than 
morphine,  is  produced  by  heating  morphine  in  a  sealed  tube  to 
140°-150°  with  a  large  excess  of  hydrochloric  acid ;  also  by  simi- 
lar treatment  from  codeine,  which  has  the  composition  of  methyl- 
morphine,  methyl  chloride  being  formed  at  the  same  time  : 

C18H21N03  +  HC1  =  CH3C1  +  H20  +  C17H17N02. 

Apomorphine  differs  greatly  from  morphine  in  its  relations  to 
solvents  and  reagents.  It  is  soluble  in  alcohol,  ether,  and  chloro- 
form ;  whereas  morphine  is  almost  insoluble  in  t  he  last  two  liquids, 
and  but  slightly  soluble  in  alcohol.    Apomorphine  is  precipitated 
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by  caustic  potash,  ammonia,  lime-water,  and  acid  sodium  car- 
bonate, the  precipitates  being  soluble  in  excess ;  whereas  morphine 
gives  no  precipitate  with  these  reagents,  except  in  very  stron« 
solutions.  Apomorphine  forms  with  ferric  chloride  a  dark 
amethyst-coloured  liquid,  and  with  potassium  dichromate,  a  dense 
yellow-orange  precipitate,  which  quickly  decomposes;  whereas 
morphine  gives  a  blue  colour  with  the  former,  and  no  particular 
reaction  with  the  latter  of  these  salts.  Apomorphine  produces 
with  strong  nitric  acid  a  blood-red  colour,  becoming  paler  on 
wanning;  morphine,  a  yellow-orange  colour,  almost  bleached  on 
warming.  Apomorphine  also  differs  greatly  from  morphine  in 
its  physiological  action;  it  is  not  narcotic,  but  a  very  small  dose 
of  it  speedily  produces  vomiting. 

Codeine,  C18H21N03.— Hydrochloride  of  morphine,  prepared 
directly  from  opium,  as  in  Gregory's  process,  contains  codeine- 
salt.  On  dissolving  it  in  water,  and  adding  a  slight  excess  of 
ammonia,  the  morphine  is  precipitated,  and  the  codeine  left  in 
solution.  Pure  codeine  crystallises,  by  spontaneous  evaporation, 
m  colourless  transparent  octohedrons :  it  is  soluble  in  80  parts  of 
cold,  and  17  of  boiling  water,  has  a  strong  alkaline  reaction,  and 
iorms  crystallisable  salts. 

With    ethyl  ^  iodide    codeine   forms   a    crystalline  iodide, 
CmH^jNOjI  =  C18H21(C2H-)N03I,  furnishing  with  silver  oxide  a 
soluble  base.    Codeine  being  considered  as  a  tertiary  monamine 
the  group  C1SH2103  represents  3  atoms  of  hydrogen. 

Codeine  has  the  composition  of  methyl-morphine.  It  has  been 
carefully  investigated  by  Dr.  Anderson,  who  has  prepared  a  great 
number  of  its  derivatives,  all  of  which  establish  the  formula  above 
given. 

The  products  of  its  reaction  with  hydrobromic  and  hydrioclie 
acid  have  lately  been  studied  by  Dr.  "Wright* 

Apocodeine,  C18H19N02,  a  base  containing  1  mol.  H20  less 
than  codeine,  is  produced  by  heating  a  solution  of  codeine  hydro- 
chloride with  a  strong  solution  of  zinc  chloride.  It  is  more  stable 
than  apomorphine,  and  resembles  that  base  in  most  of  its  reac- 
tions, producing,  however,  a  more  permanent  blood-red  colour 
with  nitric  acid.    It  is  a  mild  emetic,  t 

Narcotine,  C22H23N07.— The  marc,  or  insoluble  portion  ol 
opium,  contains  much  narcotine,  which  may  be  extracted  by  boil- 
ing with  dilute  acetic  acid.  From  the  filtered  solution  the  narco- 
tine is  precipitated  by  ammonia,  and  afterwards  purified  by 
solution  in  boiling  alcohol,  and  filtration  through  animal  charcoal. 
Warcotuie  crystallises  in  small,  colourless,  brilliant  prisms,  nearly 
insoluble  in  water.     The  basic  powers  of  narcotine  are  very 

»  Proceedings  of  the  I  loyal  Society,  xix.  371,  501;  xx.  8;  Journal  of 
tlie  Chemical  Society,  1871,  404-932  ;  1872  ISO 
t  Matthiessen  and  Burnside,  Proc.  Roy.  Soc,  xix.  71. 
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feeble :  it  is  destitute  of  alkaline  reaction,  and  although  freely 
soluble  in  acids,  refuses,  for  the  most  part,  to  form  with  them 
crystallisable  compounds.  . 

Narcotine,  treated  with  a  mixture  of  dilute  sulphuric  acid  and 
manganese  dioxide,  or  a  hot  solution  of  platmic  chloride,  yields 
opianic  acid  (p.  739),  together  with  basic  products. 

Calamine,  C12H13N03,  is  contained  in  the  mother-liquor  from 
which  opianic  acid  has  crystallised  :  it  forms  a  yellow  crystalline 
mass,  very  soluble,  of  bitter  taste,  and  feebly  alkaline  reaction. 
Its  hydrochloride  is  a  well-defined  salt.  _ 

Cotarnine,  gently  heated  with  very  dilute  nitric  acid,  is  con- 
verted into  methylainine  nitrate,  and  cotarnic  acid,  a  bibasic  acid, 
containing  C11H1205 : 
C12H13N03  +  2H20  +  HN03  =  CHfiN.HN03  +  CnH1203. 

Another  basic  substance,  narcogenine,  was  accidentally  pro- 
duced in  an  attempt  to  prepare  cotarnine  with  platinic  chloride. 
It  formed  long  orange-coloured  needles,  containing  C18H19N05. 

Thebaine  or  Paramorphine,  C19H21N03,  is  contained  in  the 
precipitate  formed  by  calcium  hydrate  in  a  strong  infusion  oi 
opium,  as  in  Thiboumery's  process  for  preparing  morphine.  The 
precipitate  is  well  washed,  dissolved  in  dilute  acid,  and  mixed  with 
ammonia  in  excess,  and  the  thebaine  thus  thrown  down  is  crys- 
tallised from  alcohol.  When  pure  it  forms  colourless  needles  like 
those  of  narcotine,  but  sparingly  soluble  in  water,  readily  soluble 
in  the  cold  in  alcohol  and  ether.  It  melts  when  heated,  and 
decomposes  at  a  high  temperature.  With  dilute  acids  it  forms 
crystallisable  compounds,  and  when  isolated  and  m  solution  has 
a  strong  alkaline  reaction.  „  „~  ,         7  • 

A  series  of  other  bases,  papaverine,  C20H21NO4,  pseudo-morphine, 
C1?Hl0N04,  narceine,  C23H29NO0,  codamine,  C19H23N03,  lanthopine, 
C.;3H,5N04,  landanine,  C20H26NOs,mecon«ii«e,  C21H23N04,o^a^ 
and  porphyroxine,  are  also— at  least  occasionally— contained  in 
opium :  they  are  of  small  importance,  and  comparatively  bttle  is 
known  respecting  them.* 

Cinchonine  and  Quinine.—  It  is  to  these  vegeto-alkalis  that 
the  valuable  medicinal  properties  of  the  Peruvian  barks  are  due. 
They  are  associated  in  the  barks  with  sulphuric  acid,  and  with  a 
special  acid,  called  quinic  or  hinic  (p.  831).  Cinchonine  is  contamed 
in  laro-est  quantity  in  the  pale  bark,  or  Cinchona  condammai, 
quinine  in  the  yellow  bark,  or  Cinchona  cordifolia;  the  Cinchona 
oblongifolia  contains  both. 

The  simplest,  but  not  the  most  economical,  method  ol  preparing 
these  substances  is  to  add  a  slight  excess  of  calcium  hydrate  to  a 

*  See  Hesse  Ann.  Ch.  Pliavm.,  cliii.  71 ;  Gmelin's  Handbook,  xviii. 
192,197,  199,  202,  210;  Watts's  Dictionary  of  Chemistry,  Supplement, 
p.  883. 
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strong  decoction  of  the  ground  "bark  in  acidulated  water,  wash  the 
precipitate  thereby  produced,  and  boil  it  in  alcohol.  The  solution, 
tillered  while  hot,  deposits  the  vegeto-alkali  on  cooling.  When 
both  liases  are  present,  they  may  be  separated  by  converting  them 
into  sulphates :  the  quinine-salt  is  the  less  soluble  of  the  two,  and 
crystallises  first. 

'Pure  cinchonine,  or  cinchonia,  crystallises  in  small,  but  beauti- 
fully brilliant,  transparent,  four-sided  prisms.  It  is  but  very 
slightly  soluble  in  water,  dissolves  readily  in  boiling  alcohol,  and 
has  but  little  taste,  although  its  salts  are  excessively  bitter.  It  is 
a  powerful  base,  neutralising  acids  completely,  and  forming  a 
series  of  crystallisable  salts.  Cinchonine  turns  the  plane  of  pola- 
risation to  the  right. 

Quinine  or  quina,  much  resembles  cinchonine :  it  does  not  crys- 
tallise so  well,  however,  and  is  much  more  soluble  in  water:  its 
taste  is  intensely  bitter.  Qiunine  turns  the  plane  of  polarisation 
towards  the  left. 

Cinchonine  is  composed  of      .       .       C20H24N2O,  and 
Quinine  of      ....  C20H24N2O2 . 

Quinine  sulphate  is  manufactured  on  a  very  large  scale  for  medi- 
cinal use :  it  crystallises  in  small  white  needles,  which  give  a 
neutral  solution.  It  contains  2C20H24N2O2.SO4H2-f-7  aq.  Its 
solubility  is  much  increased  by  the  addition  of  a  little  sulphuric 
acid,  whereby  the  acid  salt,  C20H24N2O2.SO4H2-f-7  aq.,  is  formed. 
A  very  interesting  compound  has  been  produced  by  Dr.  Herapath, 
by  the  action  of  iodine  upon  quinine  sulphate.  It  is  a  crystalline 
substance  of  a  brilliant  emerald  colour,  which  appears  to  have  the 
composition  2C20H24N2O2.3H2SO4.I0  +  3  aq.  This  remarkable 
compound  possesses  the  optical  properties  of  the  toumialine 
(P-  74). 

Cinchonine  and  quinine  yield  with  methyl  iodide,  compounds 
represented  respectively  by  the  formidse  C20H24(CH3)N2OI  and 
C20H24(CH;j)N2O2I,  which  are  converted  by  silver  oxide  into 
soluble  bases  analogous  to  tetrethyl-ammonium  hydrate. 

Quinidine. — In  manufacturing  quinine  sulphate,  a  new  base  has 
been  obtained,  which  differs  from  quinine  in  some  of  its  physical 
properties,  but  is  said  to  have  the  same  composition.  It  has  been 
described  under  the  name  of  quinidine,  and  appears  to  have  the 
same  medicinal  properties  as  quinine.  The  substance  has  been 
carefully  examined  by  Pasteur,  whose  researches  have  led  to  the 
following  interesting  results  : 

The  substance  which  is  found  in  commerce  under  the  name  ol 
quinidine  is  generally  a  mixture  of  two  alkaloids,  of  which  the  one 
is  isomeric  with  quinine,  and  the  other  with  cinchonine.  Pasteur 
designates  these  two  substances  respectively  as  quinidine  and  cin- 
choTvidme.  They  differ  from  (|uinine  and  cinchonine  in  several 
properties,  but  particularly  in  their  deportment  with  polarised 
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light :  for  while  quinine  tons  the  plane  of  polarisation  consider- 
ably towards  the  left,  quinidine  exerts  a  powerful  action  towards 
the  right.  Again,  while  cinchonine  deflects  considerably  towards 
the  right,  the  action  of  the  isomeric  cinchonidine  is  in  the  opposite 
direction — namely,  towards  the  left.  It  is  evident  that  quinine 
and  quinidine  on  the  one  hand,  and  cinchonidine  and  cinchonine 
on  the  other,  stand  to  each  other  in  about  the  same  relation 
as  levo-  and  dextro-tartaric  acids  (p.  736).  Nor  are  the  terms 
wanting  which  correspond  to  racemic  acid.  Pasteur  has,  in  fact, 
proved  that  both  quinine  and  quinidine,  and  likewise  cinchonine 
and  cinchonidine,  are  peculiarly  modified  by  the  action  of  heat ; 
exposed  for  several  hours  to  a  temperature  varying  between  120° 
and  130°,  qiiinine  and  quinidine  are  converted  into  a  third  isomeric 
alkaloid,  which  Pasteur  terms  quinicine,  while  cinchonine  and 
cinchonidine  furnish  an  isomeric  cinchonicine  under  the  same  cir- 
cumstances. In  racemic  acid  the  right-handed  action  of  dextro- 
tartaric,  and  the  left-handed  action  of  levo-tartarie  acid,  are 
exactly  balanced,  racemic  acid  possessing  no  longer  any  action 
upon  polarised  light :  in  quinicine  and  cinchonicine,  such  a  per- 
fect balance  is  not  observed  ;  both  still  exert  a  feeble  right-handed 
action,  which  is,  however,  very  slight  when  compared  with  the 
rotatory  powers  of  the  alkaloids  which  give  rise  to  them.  The 
following  table  exhibits  the  relations  of  the  six  alkaloids,  and  their 
analogy  with  the  racemic  group,  in  a  more  conspicuous  manner  : 

Qiunine  Quinicine  Quinidine 

Left-handed,  Eight-handed,  Bight  handed, 

powerfully,  feebly.  very  poiverfully. 

Cinchonine  Cinchonicine  Cinchonidine 

Right-handed,  Bight-handed,  Left-handed, 

very  powerfully.  feebly.  powerfully. 

Dextro-tartaric  acid    Racemic  acid  Levo-tartaric  acid 

Bight-handed.  neutral.  Left-handed. 

Cldnotdine,  Quinoidine,  or  Amorphous  quinine,  is  contained  in 
the  refuse,  or  mother-liquors,  of  the  quinine  manufacture.  In  its 
purest  state  it  forms  a  yellow  or  brown  resin-like  mass,  insoluble 
in  water,  freely  soluble  in  alcohol  and  ether.  It  is  easily  soluble 
also  in  dilute  acids,  and  is  thence  precipitated  by  ammonia. 
Quinoidine  possesses  powerful  febrifuge  properties,  and  is  identical 
in  composition  with  quinine.  It  evidently  bears  to  quinine  the 
same  relation  that  uncrystallisable  syrup  bears  to  ordinaiy  sugar, 
being  produced  from  quinine  by  the  heat  employed  in  the 
preparation. 

From  Cusco-  or  Arica-barJc,  and  likewise  from  the  Cinchona 
ovata,  or  white  quinquina  of  Condamine,  a  substance  denominated 
Aricine  or  Cinchovatine  has  been  extracted  :  it  closely  resembles 
cinchonine,  and  is  said  to  contain  C20H2(.N2O4.    This  formula 
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exhibits  a  close  analogy  to  the  formulae  of  cmchonine  and  quinine. 
Aricine  is  useless  in  medicine. 

Strychnine,  C21H22N.,0,,  and  Brucine,  C22H20N2O4,  also  called 
Strychnia  and  Brucia,  are  contained,  together  with  several  still 
imperfectly  known  bases,  in  Nux  vomica,  in  St.  Ignatius'  bean,  and 
in  false  Angustura  bark.  Strychnine  and  brucine  are  generally 
associated  with  a  peculiar  acid,  called  igasuric  acid.  Nux  vomica 
seeds  are  boiled  in  dilute  sulphuric  acid  until  they  become  soft : 
they  are  then  crushed,  and  the  expressed  liquid  is  mixed  with 
excess  of  calcium  hydrate,  which  throws  clown  the  alkaloids.  The 
precipitate  is  boiled  in  spirits  of  wine  of  sp.  gr.  0-850,  and  filtered 
hot.  Strychnine  and  brucine  are  then  deposited  together  in  a 
coloured  and  impure  state,  and  may  be  separated  by  cold  alcohol, 
in  which  the  latter  dissolves  readily. 

Pure  strychnine  crystallises  under  favourable  circumstances  in 
small  but  exceedingly  brilliant  octohedral  crystals,  which  are 
transparent  and  colourless.  It  has  a  very  bitter,  somewhat 
metallic  taste  (1  part  in  1,000,000  parts  of  water  is  still  per- 
ceptible), is  slightly  soluble  in  water,  and  fearfully  poisonous. 
It  dissolves  in  hot,  and  somewhat  dilute  spirit,  but  not  in  absolute 
alcohol,  ether,  or  solution  of  caustic  alkali.  This  alkaloid  may 
be  readily  identified  by  moistening  a  crystal  'with  concentrated 
sulphuric  acid,  and  adding  to  the  liquid  a  crystal  of  potassium 
dichromate,  when  a  deep  violet  tint  is  produced,  which  disappears 
after  some  time.  Strychnine  forms  with  acids  a  series  of  well- 
defined  salts,  which  have  been  examined  by  Messrs.  Nicholson  and 
Abel* 

Strychnine  forms  with  ethyl  iodide  a  crystalline  compound, 
C21H22(C'2H5)N20.2I,  converted  by  silver  oxide  into  a  soluble  base. 

Brucine  is  easily  distinguished  from  strychnine,  which  it  much 
resembles  in  many  respects,  by  its  ready  solubility  in  alcohol,  both 
hydrated  and  absolute.  It  dissolves  also  in  about  500  parts  of  hot 
water.    The  salts  of  brucine  are,  for  the  most  part,  crystalli  sable. 

Veratrine,  or  Veratria,  C.i2Hri2N208,  is  obtained  from  the 
seeds  of  Veratrum  Sabadilla.  In  the  pure  state  it  is  a  white  or 
yellowish-white  powder,  which  has  a  sharp  burning  taste,  and  is 
very  poisonous.  It  is  remarkable  for  occasioning  violent  sneezing. 
It  is  insoluble  in  water,  but  dissolves  in  hot  alcohol,  in  ether,  and 
in  acids  :  fclie  solution  has  an  alkaline  reaction. 

A  substance  called  colchicine,  extracted  from  the  Colchicum 
wiitmmale,  and  formerly  confounded  with  veratrine,  is  now  con- 
sidered distinct:  its  history  is  still  imperfect. 

Harmaline,  C,,H14N20.— This  compound  is  extracted  by  dilute 
acetic  acid  from  the  seeds  of  the  Peganum  Hartiuila,  a  plant  which 
grows  abundantly  on  the  Steppes  of  Southern  Russia,  and  the 
seeds  of  which  are  used  in  dyeing.  When  pure,  it  forms  yellowish 
*  Quarterly  Journal  of  the  Chemical  Society,  vol.  ii.  p.  211. 
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prismatic  crystals,  soluble  in  alcohol  and  dilute  acids,  but  scarcely 
forming  crystallisable  salts.  By  oxidation  it  gives  rise  to  another 
compound,  harmine,  C13H12N20,  whicb  also  possesses  basic  pro- 
perties. 

Caffeine,  or  Theine,  CsH10N4O2. — This  remarkable  substance 
occurs  in  four  articles  of  domestic  life,  infusions  of  which  are  used 
as  beverages  over  the  greater  part  of  the  known  world — namely, 
in  tea  and  coffee,  in  the  leaves  of  Gkiarana  officinalis,  or  Paullinia 
sorbilis,  and  in  those  of  Ilex  paraguensis;  it  will  probably  be 
found  in  other  plants.  A  decoction  of  common  tea,  or  of  raw 
coffee-berries,  previously  crushed,  is  mixed  with  excess  of  solution 
of  basic  lead  acetate.  The  solution,  filtered  from  the  copious 
yellow  or  greenish  precipitate,  is  treated  with  sulphuretted  hydro- 
gen to  remove  the  lead,  then  filtered,  evaporated  to  a  small  bulk, 
and  neutralised  with  ammonia.  The  caffeine  crystallises  out  on 
cooling,  and  is  easily  purified  by  animal  charcoal.  It  forms  tufts 
of  delicate,  white,  silky  needles,  which  have  a  bitter  taste,  melt 
when  heated,  with  loss  of  water,  and  sublime  without  decomposi- 
tion. It  is  soluble  in  about  100  parts  of  cold  water,  and  much 
more  easily  at  the  boiling  heat,  or  if  an  acid  be  present.  Alcohol 
also  dissolves  it,  bivt  not  easily.  The  basic  properties  of  caffeine 
are  feeble.  The  salts  which  it  forms  with  hydrochloric  and 
sulphuric  acids  are  difficult  to  prepare.  It  forms,  however,  splendid 
double  salts  with  platinum  tetrachloride  and  gold  trichloride.  The 
products  of  oxidation  of  caffeine,  which  have  been  studied  by 
Rochleder,  are  of  considerable  interest,  inasmuch  as  both  their 
composition  and  their  properties  establish  a  close  connection 
between  these  products  and  the  derivatives  of  uric  acid  (p.  932). 
Under  the  influence  of  chlorine,  caffeine  yields  amalic  acid,  a  sub- 
stance of  feebly  acid  proj>erties,  having  the  composition  of  hydrated 
tetramethyl-alloxantin,  C8(CH3)4N407  +  aq.  When  treated  with 
oxidising  agents,  it  yields  cholestrophane,  O6H0N2O3,  correspond- 
ing to  parabanic  acid  in  the  uric  acid  series.  Cholestrophane 
may  be  viewed  as  dimethyl-parabanic  acid ;  it  has,  in  fact,  been 
obtained  by  digesting  silver  parabanate  with  methyl  iodide : 

C3Ag2N203    +    2CH3I    =    2AgI    +  C5HeN203. 

Lastly,  the  murexide  of  the  caffeine  series  is  formed  by  the  treat- 
ment of  amalic  acid  with  ammonia,  exactly  as  the  true  murexide 
from  uric  acid  is  formed  by  the  action  of  ammonia  upon  allox- 
antin.  The  new  murexide  imitates  its  prototype,  not  only  in 
composition,  but  likewise  in  the  green  metallic  lustre  of  its 
crystals,  and  the  deep  crimson  colour  of  its  solutions  (p.  940). 

Theobromine,  C7H8N402. — The  seeds  of  the  Tlieohroma  Cacao, 
or  cacao-nuts,  from  which  chocolate  is  prepared,  contain  a  crys- 
tallisable  principle,  to  which  this  name  is  given.  It  is  extracted 
in  the  same  manner  as  caffeine,  and  forms  a  white,  crystalline 
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powder,  which  is  much  less  soluble  than  the  last-named  sub- 
stance. Theobromine  is  easily  soluble  in  aqueous  ammonia;  by 
adding  silver  nitrate  to  this  solution,  and  boiling,  a  crystalline 
precipitate  of  silver-theobromine,  C7H7AgN402,  is  obtained.  _  By 
treating  this  silver  compound  with  methyl  iodide,  Strecker  obtained 
silver  iodide  and  caffeine  :  C7H7AgN402  +  CH3I  =  Agl  + 
C8H10N4O.,,  which  may  be  extracted  with  alcohol.  Caffeine  must 
therefore  be  regarded  as  methyl- theobromine.  The  products 
obtained  from  theobroniine  by  oxidation  appear  to  be  homologous 
with  several  terms  of  the  uric  acid  series. 

Xanthine,  C5H4N402. — Xanthine  was  first  described  by  Dr. 
Marcet  under  the  name  of  xanthic  oxide,  which  he  discovered  as 
a  constituent  of  urinary  calculi ;  recently  it  has  been  found 
among  the  products  of  the  decomposition  of  guanine.  It  is 
present  in  nearly  every  part  of  the  animal  organism,  and,  although 
in  very  minute  quantities,  in  urine. 

Xanthine,  according  to  Strecker,  may  be  prepared  with  the 
greatest  facility  from  guanine  (p.  906).  Potassium  nitrite  is 
added  to  a  solution  of  guanine  in  concentrated  nitric  acid  until  a 
powerful  evolution  of  red  fumes  takes  place :  the  solution  is  then 
mixed  with  a  large  quantity  of  water,  whereby  a  yellow  sub- 
stance is  precipitated,  which,  after  washing  with  water,  is  dis- 
solved in  ammonia.  A  solution  of  ferrous  sulphate  is  now  added 
until  a  black  precipitate  of  iron  oxide  begins  to  appear.*  The 
still  powerfully  ammoniacal  solution  is  filtered  and  evaporated  to 
dryness ;  and  the  residue  is  extracted  with  water  in  order  to 
separate  the  ammonium  sulphate ;  then  dissolved  in  ammonia, 
and  evaporated.  Xanthine  is  a  white,  amorphous  powder, 
difficultly  soluble  in  water,  soluble  in  acids,  with  which  it  forms 
crystalline  compounds.  The  sulphate  has  the  composition 
2CSH4N402.  H2S04 .  Xanthine  dissolves  with  facility  in  ammonia 
and  potash.  Its  characteristic  property  is  to  dissolve  without 
evolution  of  gas  in  nitric  acid,  and  to  give  on  evaporation  a  deep- 
yellow  residue,  which,  on  addition  of  ammonia  or  solution  of 
potash,  assumes  a  yellow-red  colour.  By  treatment  of  silver- 
xanthine,  C5H2AgJSi402,  with  methyl  iodide,  Strecker  obtained  a 
body  isomeric  with  theobromine  : 

CsH2Ag2N402    +    2CH3I    =    2AgI    +  C7H8N402. 

Sarcine  (Hypoxanthine),  C5H4N40. — This  base  is  a  constituent 
of  the  flesh  of  vertebrata.  It  is  best  prepared  from  the  mother- 
liquor  of  cieal  ine  (p.  906),  by  diluting  with  water  and  boiling  with 
cuprie  acetate,  whereby  the  sarcine  is  precipitated  in  combination 

*  The  treatment  of  guanine  with  nitric  acid  gives  rise  to  xanthine  and 
nitroxanthine,  which  by  the  action  of  reducing  agents  is  converted  into 
xanthine.   Strecker  recommends  a  ferroua  salt  for  this  purpose. 
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with  cupric  oxide.  This  precipitate  is  dissolved  in  nitric  acid  and 
mixed  with  silver  nitrate  ;  the  crystals,  a  compound  of  sarcine 
nitrate  with  silver  nitrate,  are  purified  by  re-crystallisation  from 
nitric  acid,  and  are  then,  hy  ebullition  with  an  ammoniacal  solution 
of  silver  nitrate,  converted  into  the  compound  of  sarcine  with 
silver  oxide,  C5H4N40.  Ag20,  which  is  decomposed  hy  sulphuretted 
hydrogen. 

Sarcine  forms  delicate  white  microscopic  needles,  difficultly 
soluble  in  cold  water,  easily  soluble  in  boiling  water,  in  dilute 
acids,  ammonia,  potash,  and  baryta-water.  It  forms  crystallisable 
salts,  containing  1  equivalent  of  acid,  and  it  unites  with  bases,  like 
guanine,  forming  crystalline  compounds  containing  1  molecule  of 
metallic  oxide,  such  as  the  silver-compound  above  mentioned. 

Guanine,  CfiH6N60.— This  base  was  first  obtained  from  guano ; 
it  has  also  been  proved  to  exist  in  the  pancreatic  juice  of  mam- 
malia, and  in  the  excrement  of  the  spider.  To  prepare  it,  guano 
is  boiled  with  water  and  calcium  hydrate  until  a  portion  of  the 
liquid,  when  filtered,  appears  but  slightly  coloured  :  the  whole  is 
then  filtered,  and  the  filtrate  saturated  with  acetic  acid,  whereby 
the  guanine  is  precipitated,  mixed  with  uric  acid.  It  is  purified 
by  solution  in  hydrochloric  acid  and  precipitation  by  ammonia. 

Guanine  is  a  colourless,  crystalline  powder,  insoluble  in  water, 
alcohol,  ether,  and  ammonia,  soluble  in  acids  and  solution  of 
potash.  It  unites  with  acids  forming  crystallisable  salts,  e.q., 
C5HNO.HCl  +  aq.;  2C6H5N50.  H2S04  +  2aq.;  3C6H6N50. 
2L2ri3(J4;  also  with  metallic  bases  and  salts;  e.g.,  C6H5N.O. 
NaHO  +  2  aq. ;  C5H5N50 .  AgN03.  By  oxidation  with  hydrochlo- 
ric acid  and  potassium  chlorate,  it  is  converted  into  a  mixture  of 
guanidine  and  parabanic  acid  (p.  888). 

Guanine,  sarcine,  and  xanthine  bear  a  great  resemblance  to  each 
other,  and  are  all  found  in  the  animal  organism.  Guanine,  on 
account  of  its  insolubility  in  water  and  ammonia,  may  easily  be 
separated  from  the  two  other  substances.  To  separate  xanthine 
and  sarcine  they  are  converted  into  the  hydrochlorides,  which  are 
treated  with  warm  water  ;  xanthine  hydrochloride  is  so  little 
soluble  in  that  liquid,  that  it  may  easily  be  separated  from  the 
admixed  hydrochloride  of  sarcine. 

Creatine,  C4H0N3O2 . 2 aq.  —  Creatine  was  first  observed  hv 
Chevreul,  and  has  been  studied  very  carefully  by  Liebig,  who 
obtained  it  from  the  soup  of  boiled  meat.  It  is  prepared  from  the 
juice  of  raw  flesh  by  the  following  process  :  A  large  quantity  of 
lean  flesh  is  cut  up  into  shreds,  exhausted  by  successive  portions 
of  cold  water,  strained  and  pressed.  The  liquid,  which  has  an 
acid  reaction,  is  heated  to  coagulate  albumin  and  colouring  matter 
of  blood,  and  passed  through  a  cloth.  It  is  then  mixed  with  pure 
baryta-water  as  long  as  a  precipitate  appears,  filtered  from  the 
deposit  of  phosphates,  and  evaporated  in  a  water-bath  to  a  syrupy 
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state.  After  standing  for  some  days  in  a  warm  situation,  the  crea- 
tine is  gradually  deposited  in  crystals,  which  are  easily  puri  (ied  by 
resolution  in  water  and  digestion  with  a  little  animal  charcoal.* 

When  pure,  creatine  forms  colourless,  brilliant,  prismatic  crystals, 
which  become  dull  by  loss  of  water  at  100°.  They  dissolve  readily 
in  boiling  water,  sparingly  in  cold  water,  and  are  but  little  soluble 
in  alcohol.  The  aqueous  solution  has  a  weak  bitter  taste,  followed 
by  a  somewhat  acrid  sensation.  In  an  impure  state  the  solution 
readily  putrefies.  Creatine  is  a  neutral  body,  not  combining  either 
with  acids  or  with  alkalis.  In  the  crystallised  state  it  contains 
C4H9N302.2H20. 

Creatinine,  C4H7N30. — By  the  action  of  strong  acids,  creatine 
is  converted  into  creatinine,  a  powerful  organic  base,  with  separa- 
tion of  the  elements  of  water.  Creatinine  forms  colourless  pris- 
matic crystals,  and  is  much  more  soluble  in  water  than  creatine :  it 
has  a  strong  alkaline  reaction,  and  forms  crystallisable  salts  with 
acids. 

Creatinine  pre-exists  to  a  small  extent  in  the  juice  of  flesh, 
together  with  lactic  acid  and  other  bodies  not  yet  perfectly 
examined.    It  is  also  found  in  conjunction  with  creatine  in  urine. 

Sarcosine,  C3H7N02,  formed  by  boiling  creatine  with  baryta- 
water,  has  the  composition  of  methyl-glyocine  or  methyl-amid- 
acetic  acid,  C2H4(CH3)N02,  and  has  been  already  described  among 
the  derivatives  of  acetic  acid  (p.  682). 

Berberine,  C21H19NOfi,  is  a  substance  crystallising  in  fine  yellow 
needles,  slightly  soluble  in  water,  extracted  from  the  root  of  the 
Berberis  vulgaris.  It  has  feeble  basic  properties.  This  must  not 
be  confounded  with  bebeerine,  an  uncrystallisable  basic  substance, 
from  the  bark  of  the  green-heart  tree  of  Guiana,  which  has  the 
composition  CigH21N03. 

Piperine,  Cl7H19N03. — A  colourless,  or  slightly  yellow  crys- 
tallisable principle,  extracted  from  pepper  by  the  aid  of  alcohol. 
It  is  insoluble  in  water.  Piperine  dissolves  readily  in  acids ; 
definite  compounds  are,  however,  difficult  to  obtain. 

Conine  (Conicine,  or  Conia),  Nicotine,  and  Sparteine  differ 
from  the  other  vegetable  bases  in  physical  characters  and  in  com- 
position: they  are  volatile  oily  liquids,  not  containing  oxygen. 
The  first  is  extracted  from  hemlock,  the  second  from  tobacco,  and 
the  third  from  broom  (Spa/rtvwm  Scoparium).  They  agree  in  most 
of  their  characters,  having  high  boiling  points,  very  poisonous  pro- 
perties, strong  alkaline  reaction,  and  the  power  of  forming  crystal- 

*  The  mother-liquid  from  flesh  from  which  the  creatine  has  boon 
deposited  contains,  among  other  tilings,  an  acid,  called  inosinio,  the  aqueous 
solution  of  which  refuses  to  crystallise.  It  has  a  strong  acid  reaction, 
and  is  precipitated  in  a  white  amorphous  state  by  alcohol.  It  probably 
contains  C^h^N./),! . 
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lisable  salts  with  acids.  The  formula  of  nicotine  is  C10H14NS ; 
that  of  conine,  C8H15N  ;  and  that  of  sparteine,  C10H2CN2. 

A  mixture  of  nicotine  with  methyl  or  ethyl  iodide  solidifies  after 
a  short  time  to  crystalline  masses,  containing  C10H14(CH3)2N2I2,  and 
C10H14(C2H5)2N2I2,  convertible  by  silver  oxide  into  soluble  bases. 

Conine  is  a  secondary  monamine  which  may  be  represented  by 

the  formula,  N  j       u)  .    Treated  with  ethyl  iodide  it  yields 

successively  two  iodine-compounds — namely,  CgH16(C2Hs)NI  and 
C8Hl4(C2H5)2NI.  The  latter  is  converted  by  silver  oxide  into  a 
soluble  base. 

A  base  isomeric  with  conine  has  lately  been  formed  artifi- 
cially by  heating  normal  butyric  aldehyde,  C4H80,  with  alcoholic 
ammonia,  whereby  a  base  called  dibutyraldine  is  obtained,  having 
the  composition  CsH17NO[  =  2C4H80  -4-  NH3  —  H20],  and  subject- 
ing the  base  to  dry  distillation : 

C8Hl7NO  -  H20  =  C8H?5N  * 
This  artificial  conine,  or  para-conine,  is  a  violent  poison,  acting 
in  the  same  manner  as  the  natural  base.  But  it  is  less  soluble  in 
water,  more  expansible  by  heat,  and  exhibits  somewhat  different 
reactions  with  hydrochloric  acid,  silver  nitrate,  and  gold  chlo- 
ride. With  ethyl  iodide  it  forms  the  iodide  of  an  ammoniimi- 
base,  convertible  by  silver  oxide  into  a  strongly  alkaline,  bitter 
syrupy  liquid  :  hence  it  is  a  tertiary  monamine. 

Closely  allied  to  conine  is  conhydrine,  C8H17NO,  a  crystalline 
base,  extracted  by  Wertheim  from  hemlock.  When  distilled  with 
anhydrous  phosphoric  acid,  it  splits  into  conine  and  one  molecule 
of  water. 

There  are  very  many  other  bodies,  more  or  less  perfectly  known, 
having  to  a  certain  extent  the  properties  of  alkaloids :  the  follow- 
ing statement  of  the  names  and  mode  of  occurrence  of  a  few  of 
them  must  suffice. 

Hyoscyamine  (Daturine). — A  white,  cr3rstaHisable  substance,  from 
Hyoscyamus  niger;  it  occurs  likewise  in  Datura  Stramonium. 

Atropine,  Cl7H23N03. — Colourless  needles,  from  Atropa  Bella- 
donna. 

Solanine,  C43H71NO10(?). — A  pearly,  crystalline  substance,  from 
various  solanaceous  plants  (p.  643). 

Aconitine,  C30H47NO7. — A  glassy,  transparent  mass,  from  Aconi- 
tum  Napellus. 

Delphinine. — A  yellowish,  fusible  substance,  from  tire  seeds  of 
Delphinium  Staphisagria. 

Emetine. — A  white  and  nearly  tasteless  powder,  from  ipeca- 
cuanha root. 

Curarine. — The  arrow-poison  of  Central  America. 
*  Scliiff,  Ami.  Ch.  Pliarm.  clvii.  352  ;  Ckem.  Soc.  Journ.  [2],  ix.  400  ;  x.  416. 
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III. — Phosphorus,  Antimony,  and  Arsenic  Bases. 

Phosphorus,  antimony,  and  arsenic  being,  like  nitrogen,  either 
trivalent  or  quinquivalent,  are  capable  of  forming  compounds 
analogous  to  the  amines  and  the  compound  ammonium-salts.  A 
few  of  these  remarkable  compounds  will  be  briefly  described  in 
the  following  paragraphs. 


PHOSPHINES. 

Paul  Thenard,  by  passing  the  vapour  of  methyl  chloride  over 
calciiun  phosphide  heated  to  about  180°,  obtained  a  mixture  of 
phosphoretted  bodies,  from  which  he  separated  three  compounds 
believed  to  correspond  in  composition  with  the  three  hydrides  of 
phosphorus  (p.  226),  viz.,  P2(CH?),  P(CH3)2,  and  P(CH3)3;  these 
bodies  were,  however,  but  very  imperfectly  investigated.  More 
recently  Cahours  and  Hofmann,  by  subjecting  zinc-methyl  and 
zinc-ethyl  to  the  action  of  phosphorus  trichloride,  have  obtained 
saline  compounds,  from  which,  by  distillation  with  potash,  the 
bases  P(CH3)3  and  P(C2H6)3,  analogous  to  the  tertiary  monamines, 
may  be  liberated ;  thus : 

3Zn(C2H5)2    +    2PC13    =    3ZnCl2    +  2P(C2H5)3 

Zinc-ethyl.  Triethyl-phos- 

phine. 

Triethylphosphine,  C6H15P  =  P(C2Hfi)3. — This  substance  is  a 
colourless  oil  having  a  very  penetrating  phosphorous  odour,  and 
boiling  at  133°.  It  is  slowly  oxidised  in  atmospheric  air.  The 
vapour,  heated  with  air  or  oxygen,  explodes.  In  chlorine  gas  it 
burns  with  separation  of  carbon,  hydrochloric  acid  and  phosphorus 
pentachloride  being  produced.  With  acids  it  forms  crystalline 
compounds,  which  are  very  deliquescent.  With  iodide  of  methyl, 
ethyl,  and  amyl,  it  solidifies  after  a  few  moments  to  crystalline 
compounds,  containing  respectively  P(C2H5)3(CH3)I,  P(C2H6)4I, 
and  P(C2H5)3(C,Hjj)I,  which  are  decomposed  by  silver  oxide, 
yielding  powerfully  alkaline  liquids,  containing  the  hydrates 
P(C2H5)3(CH;j)(OH),  P(C2Hf,)4(OH),  and  P(C2Hri)3(Cr)Hu)OH, 
which  in  every  respect  resemble  hydrate  of  tetrethylammonium 
and  its  homologues. 

Trimethylphosphine,  C3HpP  =  P(CH3)3. — This  substance  is 
very  similar  to  the  corresponding  ethyl-base,  but  more  volatile. 
When  left  in  contact  with  atmospheric  air,  it  forms  an  oxide  which 
crystallises  in  beautiful  white  needles.  With  iodide  of  methyl, 
ethyl,  and  amyl  it  yields  the  Iodides  P(CH3U,  P(CH9)3(C2Hfi)I, 
and  P(CH3)3(C6HU)I,  from  which  three  analogous  hydrates  may 
be  produced  by  means  of  silver  oxide. 
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ANTIMONY  BASES  OR  STIBINES. 

Triethylstibine  or  Stibethyl,  Sb(C2H5)3,  is  obtained  by  dis- 
tilling ethyl  iodide  with  an  alloy  of  antimony  and  potassium.  It 
is  a  transparent,  very  mobile  liquid,  having  a  penetrating  odour 
of  onions.  It  boils  at  158°.  In  contact  with  atmospheric  air,  it 
emits  a  dense  white  fume,  and  frequently  even  takes  fire,  burning 
with  a  white  brilliant  flame.  It  is  analogous  in  many  of  its  re- 
actions to  triethylamine,  but  has  much  more  powerful  combining 
tendencies,  uniting  readily  with  2  atoms  of  chlorine,  bromine, 
or  iodine,  and  1  atom  of  oxygen  or  sulphur,  thereby  forming 
compounds  in  which  the  antimony  is  quinquivalent,  such  as 
Sbv(C2II6)3Cl2,  Sbv(C2H6)30'/,  &c.  The  same  tendency  to  act  as  a 
bivalent-radical  is,  however,  exhibited  by  triethylamine,  which, 
though  it  does  not  unite  directly  with  elementary  bodies,  can 
nevertheless  take  up  a  molecule  of  hydrogen  chloride,  ethyl  iodide, 
&c,  Ukewise  producing  compounds  in  which  the  nitrogen  is  quin- 
quivalent, e.g.,  Nv(C2H6)3HCl,  Nv(C2Hs)3(C2Hfi)I,  &c. 

Stibethyl  oxide,  Sb(C2H5)30,  forms  a  viscid,  transparent,  bitter, 
non-poisonous  mass,  soluble  in  water  and  alcohol ;  not  volatile 
without  decomposition.  Treated  with  acids,  it  forms  crystallisable 
salts  containing  2  molecules  of  a  monatomic  or  1  molecule  of  a 
diatomic  acid-radical,  e.g. :  Sb(C2H5)3(N03)2,  Sb(C2H5)3S04,  &c. 
The  sulphide,  Sb(C'2H5)3S,  forms  beautiful  crystals  of  silvery  lustre, 
soluble  in  water  and  alcohol.  Their  taste  is  bitter,  and  their  odour 
shmlar  to  that  of  mercaptan.  The  solution  of  this  compound 
exhibits  the  deportment  of  an  alkaline  sulphide :  it  precipitates 
metals  from  their  solutions  as  sulphides,  a  soluble  salt  of  stibethyl 
being  formed  at  the  same  time.  This  deportment,  indeed,  affords 
the  simplest  means  of  preparing  the  salts  of  stibethyl.  The  chlo- 
ride, Sb(C2H5)3Cl2,  is  a  colourless  liquid,  having  the  odour  of  tur- 
pentine oil.  The  iodide,  Sb(02H.)3I2,  forms  colourless  needles  of 
intensely  bitter  taste. 

The  analogy  of  triethylstibine  with  triethylamine  is  best  ex- 
hibited in  its  deportment  with  ethyl  iodide.  The  two  substances 
combine,  forming  tetrethylstibonium  iodide,  Sb(C2H6)4I, 
from  which  silver  oxide  separates  a  powerfid  alkaline  base  analo- 
gous to  tetrethylammonium  hydrate  : 

N(C2H6)4(OH)  Sb(C2H5)4OH. 

A  series  of  analogous  substances  exists  in  the  methyl  series. 
They  have  been  examined  by  Landolt,  who  has  described  several 
of  their  compounds,  and  separated  the  methyl-antimony-base  cor- 
responding to  tetramethylaminonium  hydrate. 

The  iodide,  (Sb(CH3)4I,  produced  by  the  action  of  methyl  iodide 
upon  trimethylstibine,  Sb(CH3)3,  crystallises  in  white  six-sided 
tables,  which  are  easily  soluble  in  water  and  alcohol,  and  slightly 
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soluble  in  ether.  It  lias  a  very  bitter  taste,  and  is  decomposed 
by  the  action  of  beat.  When  treated  with  silver  oxide,  it  yields 
a  powerfully  alkaline  solution,  exhibiting  all  the  properties  of 
potash,  from  which,  on  evaporation,  a  white  crystalline  mass,  the 
hydrate  of  tetramcthylstibonium,  Sb(CH3)4(OH),  crystallises.  This 
compound  forms  an  acid  salt  with  sulphuric  acid,  which  crystal- 
lises in  tables.    It  contains  Sb(G'H3)4S04H. 


ARSENIC  BASES. 

Triethylarsine,  As(C2H6)3,  is  produced  by  distilling  an  alloy 
of  arsenic  and  sodium  with  ethyl  iodide.  At  the  same  time,  also, 
there  is  formed  another  body,  containing  As2(C2H5)4,  analogous  to 
arsendimethyl  or  cacodyl.  Both  compounds  are  liquids  of  power- 
ful odour  ;  they  may  be  separated  by  distillation  in  an  atmosphere 
of  carbon  dioxide,  the  triethylarsine  passing  over  last. 

Triethylarsine  may  be  obtained  pure  by  a  process  analogous  to 
that  employed  for  the  preparation  of  triethylphosphine,  namely, 
by  distilling  arsenious  chloride,  AsCl3,  wdth  zinc-ethyl.  It  is  a 
colourless  liquid  of  most  disagreeable  odour,  similar  to  that  of 
arsenietted  hydrogen,  soluble  in  water,  alcohol,  and  ether,  and 
boiling  at  140°.  Triethylarsine  combines  directly  with  oxygen, 
sulphur,  bromine,  and  iodine,  giving  rise  to  a  series  of  compounds 
containing  2  atoms  of  bromine  or  iodine,  1  atom  of  sulphur  or 
oxygen,  and  analogous  to  the  corresponding  compounds  of  triethyl- 
stibine. 

Triethylarsine  submitted  to  the  action  of  ethyl  iodide  yields  a 
crystalline  compound,  As(C2H5)4I,  from  which  freshly  precipitated 
silver  oxide  separates  the  corresponding  hydrate,  As(C2H6)4OH,  a 
powerfully  alkaline  substance,  similar  to  the  corresponding  nitro- 
gen-, phosphorus-,  and  antimony-compounds. 

Analogous  substances  exist  in  the  methyl  series.  Trimethyl- 
arsine,  As(CH3)3,  is  formed,  together  with  arsendimethyl  or  cacodyl, 
As2(CH3)4,  when  an  alloy  of  arsenic  and  sodium  is  submitted  to 
the  action  of  methyl  iodide.  It  unites  with  methyl  iodide,  pro- 
ducing Lctramethylarsonium  iodide,  As(CH3)4I,  from  which  silver 
oxide  separates  the  hydrate,  As(CH3)4OH.  The  iodide  just  men- 
tioned is  formed,  together  with  iodide  of  cacodyl,  when  cacodyl  is 
acted  upon  by  methyl  iodide: 

As2(G'H,)4   +    2CH3I    =    As(OH8)J    +  As(CH8)aI. 

By  substituting  ethyl  iodide  for  methyl  iodide  in  this  reaction, 
the  compound  As(CH3)2(C'2_Hs)2I,  is  formed.  All  these  iodides, 
treated  with  moist  silver  oxide,  yield  the  corresponding  hydrates. 

Arsendimethyl  and  arsenmonomethyl  will  be  most  conveniently 
described  in  this  place,  though  they  do  not  strictly  belong  to  the 
ammonia  type,  at  least,  when  in  the  free  state. 
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As(CH3)2 

Arsendim.eth.yl  or  Cacodyl,  As2(CH3)4,  or  |  . — The 

arsenic  in  this  compound  is  still  trivalent,  one  unit  of  equivalence 
of  each  of  the  arsenic-atoms  being  satisfied  by  combination  with 
the  other,  just  as  in  the  solid  hydrogen  arsenide,  As2H4  (p.  481). 
When,  however,  the  arsendimethyl  combines  with  chlorine  or 
other  monatomic  radicals,  the  molecule  splits  into  two  ;  thus : 

As2(CH3)4    4-    Cl2    =  2As'"(CH3)2Cl. 

Cacodyl,  so  called  from  its  repulsive  odour,  constitutes,  together 
with  its  products  of  oxidation,  the  spontaneously  inflammable 
liquid  known  as  Cadet's  fuming  liquid,  or  Alharsin.  This  liquid 
is  prepared  by  distilling  equal  weights  of  potassium  acetate  and 
arsenious  oxide  in  a  glass  retort  connected  with  a  condenser  and 
tubulated  receiver  cooled  by  ice,  a  tube  being  attached  to  the 
receiver  to  carry  away  the  permanently  gaseous  products  to  some 
distance  from  the  experimenter.  At  the  close  of  the  operation, 
the  receiver  is  found  to  contain  two  liquids,  besides  a  quantity  of 
reduced  arsenic  :  the  heavier  of  these  is  the  crude  cacodyl ;  the 
other  consists  chiefly  of  water,  acetic  acid,  and  acetone.  The  gas 
wiven  off  during  the  distillation  is  principally  carbon  dioxide. 
The  crude  cacodyl  is  repeatedly  washed  by  agitation  with  water 
previously  freed  from  air  by  boiling,  and  afterwards  redistilled 
from  potassium  hydrate  in  a  vessel  filled  with  pure  hydrogen 
gas.    All  these  operations  must  be  conducted  in  the  open  air. 

Pure  cacodyl  is  obtained  by  decomposing  the  chloride  with 
metallic  zinc,  dissolving  out  the  zinc  chloride  with  water,  and 
dehydrating  the  oily  liquid  with  calcium  chloride.  The  strong 
tendency  of  cacodyl  to  take  fire  in  the  air,  and  the  extremely 
poisonous  character  of  its  vapour,  render  it  necessary  to  perform 
all  the  distillations  in  sealed  vessels  filled  with  carbon  dioxide. 

Cacodyl  is  a  colourless,  transparent  liquid,  boiling  at  170°,  and 
crystallising  at  6°  in  large  transparent  prisms.  It  smells  Uke 
alkarsin,  and  is  even  more  inflammable.  At  a  temperature  below 
redness  it  is  resolved  into  metallic  arsenic  and  a  mixture  of  2  vols, 
methane  and  1  vol.  ethene :  2As2C2H6  =  As4  +  2CH4  +  C2H4 . 

Cacodyl  instantly  takes  fire  when  poured  out  into  air  or  oxygen 
or  chlorine.  With  very  limited  access  of  air  it  throws  off  while 
fumes,  passing  into  oxide  and  ultimately  into  cacodylic  acid :  it 
combines  also  directly  with  sulphur.  It  can  take  up  2  atoms  of 
a  monad  or  1  atom  of  a  dyad  element,  forming  compounds  like  the 
chloride,  As2(CH3)4Cl2  =  2As(CH3)2Cl,  and  the  oxide,  As2(CH3)40, 
in  which  the  arsenic  is  trivalent ;  or  again,  6  atoms  of  a  monad  or 
3  atoms  of  a  dyad  element,  forming  compounds  like  the  trichloride, 
As2(CH3)4Clc  =  2As(CH3)2Cl.j,  in  which  the  arsenic  is  quinqui- 
valent. These  last  mentioned  bodies  are  the  most  stable  of  all  the 
cacodyl  compounds. 
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Cacodyl  Chloride  or  Arsen-chlorodimctldde,  As"'(CH3).,Cl,  is 
obtained  by  distilling  alkarsin  with  strong  hydrochloric  acid,  or 
better,  by  mixing  the  dilute  alcoholic  solutions  of  alkarsin  and 
mercuric  chloride,  distilling  the  resulting  precipitate  of  cacodylic 
chloromercurate,  As2(CH3)40. 2HgCI>,  with  very  strong  hydro- 
chloric acid,  and  digesting  the  distillate  for  several  days  in  a 
sealed  bulb  apparatus  with  calcium  chloride  and  quicklime,  and 
finally  distilling  it  in  an  atmosphere  of  carhon  dioxide. 

( lacodyl  chloride  is  a  colourless  liquid  which  does  not  fume  in 
the  air,  hut  emits  an  intensely  poisonous  vapour.  It  is  heavier 
than  water,  insoluble  in  that  liquid  and  in  ether,  but  easily  soluble 
in  alcohol.  The  boding  point  of  this  compound  is  a  little  above 
100° ;  its  vapour  is  colourless,  spontaneously  inflammable  in  the 
air,  and  has  a  density  of  4'5.6.  Dilute  nitric  acid  dissolves  the 
chloride  without  change  ;  with  the  concentrated  acid  ignition  and 
explosion  occur.  Cacodyl  chloride  combines  with  cuprous  chlo- 
ride, forming  a  white,  insoluble,  crystalline  double  salt,  containing 
As2(CH3)4Cl2. Cu2Cl2 ;  also  with  cacodyl  oxide.  It  forms  a  thick 
viscid  hydrate,  easily  dehydrated  by  calcium  chloride.  Cacodyl 
trichloride,  As'(CH3)2Cl3,  is  produced  by  the  action  of  phosphorus 
pentachloride  on  cacodylic  acid : 

As'(CH3)20"(OH)  +  2PC16  =  As(CH3)2Cl3  +  2POCL,  +  HC1 ; 

also  by  the  action  of  chlorine  gas  on  the  monochloride:  Prepared 
by  the  first  method,  it  forms  splendid  large  prismatic  crystals, 
which  are  instantly  decomposed,  between  40°  and  50°,  into  methyl 
chloride  and  arsen-monomethyl  chloride  : 

As"(CH3)2Cl3    =    CH3C1    +  As*"(CH3)Cl2. 

Cacodyl  Iodide,  As(CH3)2I,  is  a  thin,  yellowish,  heavy  liquid,  of 
offensive  odour,  prepared  by  distilling  alkarsin  with  strong  solu- 
tion of  hydriodic  acid.  A  yellow  crystalline  oxyiodide  is  formed 
at  the  same  time.  Cacodyl  bromide  and  fluoride  have  also  been 
obtained. 

Cacodyl  Cyanide,  As(CH.j)2CN,  is  easily  formed  by  distilling 
alkarsin  with  strong  hydrocyanic  acid,  or  mercuric  cyanide. 
Above  33°  it  is  a  colourless,  ethereal  liquid,  but  below  that 
temperature  it  crystallises  in  colourless  four-sided  prisms,  of 
beautiful  diamond  lustre.  It  boils  at  about  140°,  and  is  but 
Blightly  soluble,  in  water.  It  takes  fire  only  when  heated.  The 
vapour  of  this  substance  is  most  fearfully  poisonous :  the  atmo- 
sphere of  a  room  is  said  to  be  so  far  contaminated  by  the  evaporation 
or  a  few  grains  of  it  as  to  cause  instantaneous  numbness  of  the 
hands  and  feci,,  vertigo,  and  even  unconsciousness. 

Cacodyl  Oxide,  As"'./<  MI,)/)",  is  formed  by  the  slow  oxidation 
of  cacodyl.  When  air  is  allowed  access  to  an  aqueous  solution  of 
alkarsin,  so  slowly  thai,  no  sensible  rise  of  temperature  follows, 
thai  body  ia  gradually  converted  into  a  thick,  syrupy  liquid,  full 
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of  crystals  of  cacodylic  acid.  On  dissolving  this  mass  in  water, 
and  distilling,  water  having  the  odour  of  alkarsin  passes  over, 
and  afterwards  an  oily  liquid,  which  is  the  cacodyl  oxide.  Impure 
cacodylic  acid  remains  in  the  retort. 

Cacodyl  oxide,  purified  by  rectification  from  caustic  baryta,  is  a 
colourless,  oily  liquid,  having  a  pungent  odour,  sparingly  soluble 
in  water,  and  boiling  at  120°,  strongly  resembling  alkarsin  in 
odour,  in  its  relations  to  solvents,  and  in  the  greater  number  of 
its  reactions ;  but  it  neither  fumes  in  the  air,  nor  takes  fire  at 
common  temperatures :  its  vapour  mixed  with  air,  and  heated  to 
about  88°,  explodes  with  violence.  It  dissolves  in  hydrochloric, 
hydrobromic,  and  hydriodic  acids,  forming  chloride,  bromide,  and 
iodide  of  cacodyl. 

Cacodyl  dioxide,  As2(CH3)402,  is  the  thick  syrupy  liquid  pro- 
duced by  the  slow  oxidation  of  cacodyl  or  of  alkarsin.  It  is 
decomposed  by  water,  and  then  yields  a  distillate  of  cacodyl 
monoxide,  with  a  residue  of  cacodylic  acid  : 

2As2(CH3)402  +  H20  =  As2(CH3)40  +  2As(CH3)20(OH) . 

Cacodylic  Acid,  As,(CH3)20"(OH),  also  called  Alkargen—  This 
is  the  ultimate  product  of  the  action  of  oxygen  at  a  low  tempera- 
ture upon  cacodyl  or  alkarsin  in  presence  of  water:  it  is  best 
prepared  by  adding  mercuric  oxide  to  alkarsin,  covered  with 
a  layer  of  water  and  artificially  cooled,  until  the  mixture  loses 
all  odour,  and  afterwards  decomposing  any  mercuric  cacodylate 
that  may  have  been  formed,  by  the  cautious  addition  of  more 
alkarsin.  The  liquid  yields,  by  evaporation  to  dryness  and 
solution  in  alcohol,  crystals  of  cacodylic  acid.  The  sulphide  and 
other  compounds  of  cacodyl  yield  the  same  substance  on  exposure 
to  air.  Cacodylic  acid  forms  brilliant,  colourless,  brittle  crystals, 
which  have  the  form  of  a  modified  square  prism :  it  is  permanent 
in  dry  air,  but  deliquescent  in  a  moist  atmosphere.  It  is  not  at 
all  poisonous,  though  it  contains  more  than  50  per  cent,  of 
arsenic.  It  is  very  soluble  in  water  and  in  alcohol,  but  not  in 
ether:  the  solution  has  an  acid  reaction.  When  mixed  with 
alkalis  and  evaporated,  it  leaves  a  gummy  amorphous  mass. 
With  the  oxides  of  silver  and  mercury,  on  the  other  hand,  it 
yields  crystallisable  compounds.  It  imites  with  cacodyl  oxide, 
and  forms  a  variety  of  combinations  with  metallic  salts.  Cacodylic 
acid  is  exceedingly  stable  :  it  is  not  affected  by  red  fuming  nitric 
acid,  nitromuriatic  acid,  or  even  chromic  acid  in  solution :  it  may 
be  boiled  with  these  substances  without  the  least  change.  It  is 
deoxidised,  however,  by  phosphorous  acid  and  stannous  chloride, 
yielding  cacodyl  oxide.  Dry  hydriodic  acid  gas  decomposes  it, 
with  production  of  water,  cacodyl  iodide,  and  free  iodine.  With 
dry  hydrochloric  acid  gas,  or  with  the  concentrated  aqueous 
ackl,  cacodylic  acid  unites  directly,  forming  the  compound 
As(CH3),02H.HCL    But  by  exposing  cacodylic  acid  for  a  long 


ARSENIC  GASES. 


915 


time  to  a  stream  of  hydrochloric  acid  gas,  arsen-monometh y ] 
dichloride  is  obtained,  together  with  water  and  methyl  chlo- 
ride : 

As(CH3)202H  +  3HC1  =  As(CH3)Cl2  +  2H20  +  CH3C1. 

Phospliorus  pentachloride  converts  cacodylie  acid  into  cacodylic 
fmchloride  (p.  913). 

Cacodyl  Sulphide,  As2(CH:J)4S,  is  formed  by  adding  barium 
sulphide  to  crude  cacodyl,  or  by  distilling  barium  sulphydrate 
with  cacodyl  chloride.  It  is  a  transparent  liquid  which  retains 
its  fluidity  at  -40°,  and  boils  at  a  temperature  considerably 
above  100°.  J 

Cacodyl  disulphide,  As2(CH3)4S,  is  formed  by  the  action  of  sul- 
phur on  cacodyl  or  the  monosulphide,  or  by  treating  cacodylic 
acid  with  sulphuretted  hydrogen  in  a  vessel  externally  cooled. 
It  separates  from  the  solution  in  large  rhombic  crystals.  The 
alcoholic  solution  of  this  compound  yields  with  various  metallic 
solutions,  precipitates  consisting  of  salts  of  sulphocacodylic 
acid,  As(CH3)2S2H,  analogous  to  cacodylic  acid.  The  lead  salt, 
As,(CH3)4S4Pb",  forms  small  white  crystals. 

Arsenmonomethyl,  As(CH3).— This  radical,  which  is  not 
known  in  the  separate  state,  is  either  bivalent  or  quadrivalent. 
Its  dichloride,  As'^CH.JCl,,  is  produced  either  by  the  decom- 
position of  cacodyl  trichloride  by  heat:  As(CH3)2C]3=As(CH3)Cl, 
+  CH3C1 ;  or  by  the  prolonged  action  of  hydrochloric  acid  on 
cacodylic  acid.  It  is  a  colourless,  heavy  mobile  liquid,  having 
a  strong  reducing  power;  boils  at  133°.  Its  vapour  exerts  a 
most  violent  action  on  the  mucous  membranes;  on  smelling  it, 
the  eyes,  nose,  and  whole  face  swell  up,  and  a  peculiar  lancinating 
pam  (is  felt,  extending  down  to  the  throat.  The  tetrachloride 
As'(CH3)Cl4,  is  obtained  in  large  crystals  bypassing  chlorine  over 
a  mixture  of  the  dichloride  and  carbon  bisulphide  cooled  to  -  10°. 
It  is  very  unstable,  decomposing  even  near  0°  into  methyl  chloride 
and  arsenious  chloride,  AsCl3.  There  is  also  a  chlorobromide, 
As(CH:j)ClBr,  and  a  cli -iodide,  As(CH,)I2. 

The  oxide,  As(CH3)0,  obtained  by  decomposing  the  dichloride 
with  potassium  carbonate,  forms  large  cubical  crystals,  soluble  in 
water,  alcohol,  and  ether,  and  resolved  by  distillation  with  potash 
into  arsenious  oxide  and  cacodyl  oxide:  4As(CH3)0  =  As203 + 
As2(CH3)40 . 

AnermethyUc  Acid,  As'(CH3)0"(OH).„  is  obtained  as  a  barium- 
sail  by  decomposing  arsenmethyl  dichloride  with  a  slight  excess  of 
silver-oxide;  and  this  salt,  d (-composed  by  sulphuric  acid,  yields 
I  lie  acid,  vvhich  remains  on  evaporation  in  the  form  of  a  laminated 
mass,    it,  is  bibasic. 

Ars&wmthyl  sulphide,  As(CH3)S,  is  obtained  as  a  white  mass  by 
passing  hydrogeD  sulphide  over  the  dichloride. 
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On  comparing  the  combining  or  equivalent  values  of  the  several 
arsenides  of  methyl,  it  -yvill  be  seen  that  they  all  unite  with  ele- 
mentary bodies  and  compound  radicals,  iu  such  proportion  as  to 
form  compounds  in  which  the  arsenic  is  either  trivalent  or  quin- 
quivalent, the  last-mentioned  compounds  being  by  far  the  most 
stable.    Thus : 

Arsenmonomethyl,  As(CH3),  is  hi-  and  quadri-valent,  forming 
the  chlorides  As'"(CH3)Cl9  and  As"(CH3)Cl4. 

Arsendimethyl,  As(CH,).„  is  uni-  and  tri-valent,  forming,  the 
chlorides  As'"(CH3)9Cl  and  As"(CH3)2Cl3 . 

Arsentrimethyl,  As(CH3)3,  is  bivalent  only,  and  torms  the 
chloride  Asv(CH3)3Cl2 . 

Ai'senmethybum,  or  Tetramethylarsonium,  As(CH3)4,  is  uni- 
valent, forming  the  chloride  Asv(CH3)4Cl . 

Bismethyl  or  Triethylbismuthine,  Bi(C2H5)3,  analogous  in 
composition  to  triethylstibine  and  triethylarsine,  is  formed  by  the 
action  of  ethyl  iodide  on  an  alloy  of  bismuth  and  potassium,  and 
is  extracted  from  the  residue  by  ether.  It  is  a  yellow  liquid  of 
specific  gravity  1-82,  has  a  most  nauseous  odour,  and  emits  vapours 
which  take  fire  in  contact  with  the  air.  It  unites  with  oxygen, 
chlorine,  bromin'e,  iodine,  and  nitric  acid. 

Borethyl,  B(C2H5)3.— Dr.  Franldand  has  obtained  this  com- 
pound by  treating  boric  ether  with  zinc-ethyl ;  it  is  a  colourless 
mobile  liquid  having  a  pungent  odour,  irritating  the  eyes,  of  sp. 
gr.  0-696,  and  boiling  at  95°.  Borethyl  is  insoluble  in  water,  but 
very  slowly  decomposed  when  left  in  prolonged  contact  with  it. 
When  exposed  to  the  air  it  is  spontaneously  inflamed,  burning 
with  a  beautiful  green  and  somewhat  smoky  flame.  It  combines 
with  ammonia,  forming  the  compound  NH3.B(C2H5)3.  By  the 
gradual  action  of  dry  air,  and,  ultimately,  of  dry  oxygen,  borethyl 
is  converted  into  an  oxygen-compound  of  the  formula  B(C2H3)30., . 


DIATOMIC  BASES  OP  THE  PHOSPHORUS  AND  ARSENIC  SERIES. 

The  action  of  ethene  bromide  on  triethylphosphine  gives  rise  to 
the  formation  of  two  crystalline  bromides,  according  to  the  pro- 
portions in  which  the  substances  are  brought  in  contact.  These 
bromides  are  CcHiaPBr2  =  CcHir,P+C2H4Br2  and  C14H,4P,Br2== 
2C0H15P+C2H4Br2 .  The  first  of  these  compounds  is  the  bromide 
of  a  phosphomum  in  which  3  atoms  of  hydrogen  are  replaced  by 
ethyl  and  one  atom  by  the  univalent  radical  bromethyl,  C.,H  tBr, 
namely,  [(C2H4Br)(C2H,)3P]Br.  Half  the  bromine  in  this  salt,  is 
unaffected  by  the  action  of  silver-salts;  it  may  accordingly  be 
designated  as  bromide  ofbrormthyl-trietlvyl-phosphoriivm.  Numer- 
ous salts  of  this  compound  are  known,  but  the  free  base  cannot  be 
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obtained,  since  silver  oxide  eliminates  the  latent  bromine,  giving 
rise  to  the  formation  of  a  base  containing  [(C2H£0)(C2H5)3P]OH. 
The  second  compound  is  the  dibromide  ot  ethene-hexethyt-diphos- 
phoniwm,  [(C,H4)"(C2H6)0P2]"Br2 .  This  radical,  which  corre- 
sponds to  2  atoms  of  ammonium,  2NH4  =  N2HS,  forms  a  series 
of  very  stable  and  beautiful  salts,  especially  an  iodide,  which 
is  difficultly  soluble  in  water.  In  all  these  salts  the  base,  which 
is  composed  of  1  atom  of  ethene,  6  atoms  of  ethyl,  and  2  atoms 
of  phosphorus,  is  united  with  2  molecules  of  univalent  acid 
radical;  the  platinum-salt  contains  (C2H4yXC2HrJGP2Biv  PtivCl4 . 
The  free,  very  caustic,  and  stable  base  has  the  composition 
[(C2H4)"(C2H5)GP2]"(OH)2. 

The  dibromide  of  ethene-hexethyl-diphosphonium  may  be 
formed  by  the  action  of  triethylphosphine  upon  the  brominated 
bromide  which  has  been  mentioned  as  the  first  product  of  the 
action  of  ethene  dibromide  upon  triethylphosphine  :  C8H19PBr3-f- 
C,;H15P  =  C14H34P2Br2 .  If  the  triethylphosphine  be  replaced  in 
this  process  by  ammonia  or  by  monamines  in  general,  or  by 
monarsines,  an  almost  unlimited  series  of  diatomic  salts  may  be 
formed,  in  which  phosphorus  and  nitrogen  or  phosphorus  and 
arsenic  are  associated. 

Thus  the  action  of  ammonia,  of  ethylamine,  and  of  triethyl- 
arsine,  gives  rise  respectively  to  the  following  compounds : 

[(C2H4y/(C2HB)3H3PN]"Br2. 
[(C2H4)"(C2Hs)4H2PN]"Br2. 
[(C2H4)"(C2Hfi)0PAs]"Br. 

Treated  with  silver  oxide  these  bromides  yield  the  very  caustic 
diatomic  bases — 

[(C2H4)"(C2H5)3H3PN]"(OH)2. 
[(C2H4)"(C2H6)4H2PNj"(OH)2. 
[(C2H4)"(C2Hfl)nPAs]"(OII)2. 

The  arsenic  bases,  when  submitted  to  the  action  of  ethene  di- 
bromide, give,  rise  to  perfectly  analogous  results.  The  limits  of 
this  Manual  will  not  permit  us  to  examine  these  compounds  in 
detail. 


Dibromide  of  Ethene-tri-  ) 
ethyl-phosphammonium,  .  ) 

Dibromide  of  Ethene-tetr-  ) 
ethyl-phosphammonium,  .  ( 

Dibromide  of  Ethene-hex-  ) 
ethyl-phospharsonimn,     .  \ 


Hydrate  of  Ethene-triethyl-  ) 
phosphainmonium,  .    .    .  \ 

I  f  vi  I  ra  te  of  Etbene-tetrethyl-  j 

phosphammonium,  .    .    .  ( 

II  v< Irate  of  Ethene-hexethyl-  ) 
phospharsonium  .    .    .    .  ( 
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Amides. 

We  have  had  frequent  occasion  to  speak  of  these  compounds,  as 
derived  from  ammonium-salts  by  abstraction  of  water,  or  from 
acids  by  substitution  of  amidogen,  NH2,  for  hydroxyl,  OH,  or 
from  one  or  more  molecules  of  ammonia  by  substitution  of  acid- 
radicals  for  hydrogen.  They  are  divided  (like  amines)  into 
monaniides,  diamides,  and  triamides,  each  of  which  groups  is 
further  subdivided  into  primary,  secondary,  and  tertiary  amides, 
accordingly  as  one-third,  two-thirds,  or  the  whole  of  the  hydrogen 
is  replaced  by  acid-radicals.  If  the  hydrogen  is  replaced  partly  by 
acid-radicals,  and  partly  by  alcohol-radicals,  the  compound  is  called 
analkalamide  ;  for  example,  ethylacetamide,  NH(C2H6XC.,H30) ; 
ethyldiacetamide,  N(C2H5)(C2H3d)2 . 


AMIDES  DERIVED  FROM  MONATOMIC  ACIDS. 

A  monatomic  acid  yields  but  one  primary  amide,  which  may 
be  formed  :  1.  From  its  ammonium-salt  by  direct  abstraction  of  a 
molecule  of  water,  under  the  influence  of  heat ;  thus  : 

CH3  XT  (  C,H,0 


C2H3(NH4)02  -  H20  =  C2H3NO  =    I  =  N 

Ammonium  Acetamide.  CONH., 

acetate. 

These  amides  are  also  produced  :  2.  By  the  action  of  ammonia  on 
acid  chlorides  ;  e.g.: 

C2H30C1   +    NH3    =    HC1   +  NH2(C,H30). 

This  method  is  especially  adapted  to  the  preparation  of  those 
amides  which  are  insoluble  in  water. 

3.  By  the  action  of  ammonia  on  compound  ethers  : 

C2H3O.OC2H6    +    NH3    =    HOC2H5    +  NH2(C2H30) 

Ethyl  acetate.  Ethyl  alcohol.  Acetamide. 

Acetamide,  which  may  be  regarded  as  a  type  of  primary  mon- 
amides, is  a  white  crystalline  solid  melting  at  78°,  and  boiling  at 
221°  or  222°.  When  heated  with  acids  or  with  alkalis,  it  takes  up 
water  and  is  converted  into  acetic  acid  and  ammonia.  Distilled 
with  phosphoric  oxide,  it  gives  up  water  and  is  converted  into 
acetonitrile  or  methyl  cyanide,  C2HfiNO  -  H20  =  C.,H3N. 
Heated  in  a  stream  of  dry  hydrochloric  acid,  it  yields  diacet- 
amide,  together  with  other  products  : 

2NH2(C2H30)    +    HC1    =    NH4C1    +  NH(C,H30)2. 


AMIDES. 


919 


A.cetamide  acts  both  as  a  base  and  as  an  acid,  combining  with 
hydrochloric  and  with  nitric  acid,  and  likewise  forming  salts  in 
which  one  atom  of  its  hydrogen  is  replaced  by  a  metal;  silver- 
acetam  ide,  G2H4AgN02,  for  example,  is  obtained  in  crystalline  scales 
by"  sal  ura tint;-  an  aqueotis  solution  of  acetamide  with  silver  oxide. 

Benzamide,  C7H7NO  =  NH2(C7H60),  is  produced  by  methods 
similar  to  those  above  given  for  the  formation  of  acetamide  ;  also 
by  oxidising  hippuric  acid  with  lead  dioxide  : 

C(JH9N03    +    03    =    C7H7NO    +    2C02    +  H20. 

Benzamide  is  a  crystalline  substance  nearly  insoluble  in  cold 
water,  easily  soluble  in  boiling  water,  also  in  alcohol  and  ether  ; 
it  melts  at  115°,  and  volatilises  nndecomposed  between  286°  and 
290°.  Its  reactions  are  for  the  most  part  similar  to  those  of  acet- 
amide. Heated  with  benzoic  oxide  or  chloride,  it  yields  benzo- 
nitrile  and  benzoic  acid  : 

C7H7NO    +    (C7H50)20    =    C7H5N    +  2C7H602 

Benzamide.  Benzoic  oxide.  Benzonitrile.  Benzoic  acid. 

C7H7NO    +    C7H60C1      =    C7H5N    +    C7HG02  +  HC1 

Benzamide.         Benzoic  chloride.         Benzonitrile.  Benzoic  acid. 

Heated  with  fuming  hydrochloric  acid,  it  forms  hydrochloride  of 
benzamide,  C7H7N0.HC1,  which  separates  on  cooling  in  long 
aggregated  prisms.  Its  aqueous  solution  dissolves  mercuric  oxide, 
forming  benzomercuramide,  N2H2(C7H60)2Hg". 

Secondary  m  on  amides  are  those  in  which  two  atoms  of 
hydrogen  in  a  molecule  of  ammonia  are  replaced  by  two  univalent 
or  one  bivalent  acid-radical,  or  by  one  acid-radical  and  one  alcohol- 
radical.  Those  containing  only  univalent  radicals  are  formed  by 
the  action  of  dry  hydrochloric  acid  gas  on  primary  monanddes  at 
a  high  temperature  ;  e.g. : 

2NH2(C2H30)    +    HC1    =    NH„C1    +  NH(C2H30)2 

Acetamide.  Diacetamide. 

Those  containing  bivalent  acid-radicals  are  called  imides  ;  e.g., 
Buccinimide,  NH(04H402)".  They  are  derived  from  bibasic  acids, 
ami  will  In'  noticed  further  on. 

Secondary  monamides  (alkalamides)  containing  an  acid- 
radical  and  an  alcohol-radical,  are  formed  by  processes  similar  to 
those  above  given  for  the  formation  of  the  primary  monamides, 
substituting  amines  for  ammonia  ;  thus  : 

c2H3oc]    +  Nir,((ur,)  =  hci     +  nh(C2h6)(C2h30) 

Acetic  Ethylflmlne.  Ethyl-acotomide. 

chloride. 

C2H30(OC2H6)  +  NH2(C2H5)  =  HOC2HB  +  NH(C2H6)(C2H30) 

Ethyl  acetate.  Ethylamlne.  Alcohol.  Ethyl-ncutumide. 
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They  are  crystalline,  and  for  the  most  part  do  not  combine  with 
acids.  When  boiled  with  acids  or  alkalis,  they  take  up  water  and 
i-egenerate  their  acid  and  primary  amine  ;  thus  : 

NH(C6H6)(C2H30)  +  HOH  =  C2H30(OH)  +  NH2(C0H8) 

Phenyl-acetamide.  Acetic  acid.  Aniline. 

Tertiary  monamides  are  those  in  which  the  whole  of  the 
hydrogen  in  one  molecule  of  ammonia  is  replaced  by  acid-radicals 
or  by  acid-  and  alcohol-radicals.  Those  of  the  latter  kind,  called 
tertiary  alkalamides,  are  produced  by  the  action  of  acid  chlorides 
on  secondary  alkalamides  : 

NH(C6H5)(C7H60)  +  C7H50C1  =  HC1  +  N(C6H5)(C7H50)2 

Phenyl-benzamide.  Benzoyl  PUenyl-dibenzaniide. 

chloride. 

Or  by  the  action  of  monatomic  acid  oxides  on  cyanic  ethers  ;  e.g. : 
(C2H30)20   +   N(CO)"(C2H5)   =   C02   +  N(C2H6)(C2H,0)2 

Acetic  oxide.  Ethyl  cyanate.    .  Ethyl-diacetamide. 


AMIDES  DERIVED  FROM  DIATOMIC  AND  MONOBASIC  ACIDS. 

Acids  of  this  group  may  give  rise  to  two  monamides,  both  formed 
by  substitution  of  one  atom  of  NH2  for  OH,  and  therefore  hav- 
ing the  same  composition.  They  are,  however,  isomeric,  not 
identical,  the  one  formed  by  replacement  of  the  alcoholic  hydroxyl 
being  acid,  while  the  other,  formed  by  replacement  of  the  basic 
hydroxyl,  is  neutral.  The  acid  amides  thus  formed  are  called 
amic  acids.  Glycollic  acid,  for  example,  yields  glycollamic  acid 
and  glycollamide,  both  containing  C2H5N02 : 

CH90H  CH2NH2  CH90H 

I  I  I 

COOH  COOH  CONH, 

Glycollic  Glycollamic  Glycollamide. 

acid.  acid. 

These  amic  acids  and  amides  are  sometimes  represented  as  derived 
from  a  molecule  of  ammonia  and  a  molecule  of  water,  bound 
together  by  the  substitution  of  a  diatomic  acid-radical  for  two 
atoms  of  hydrogen  ;  thus  : 

H2|o  (SgaO)  >0 

Type.  Glycollamic  acid. 

The  amic  acids  of  this  group  are  identical  with  the  amidated 
acids  derived  from  the  corresponding  monatomic  acids,  CnH2n02, 
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by  substitution  of  amidogen  for  hydrogen;  thus  glycollamic  acid 
is  identical  with  amidacetic  acid;  lactamic  with  ataidopropioiric ; 
Leucamic  with  amidocaproic  acid;  for  example: 

CH3  CH2(NH2)  GH2(OH) 


COOH  COOH  COOH 

Acetic  acid.  Amidncetic  or  Gly-  Glycollic  acid, 

collamie  acid. 

These  auric  acids  are  formed,  as  already  observed,  by  the  action 
of  ammonia  on  the  monochlorinated  or  monobrominated  deriva- 
tives of  the  fatty  acids  ;  the  corresponding  neutral  amides  are  pro- 
duced by  the  action  of  ammonia,  in  the  gaseous  state  or  in  alco- 
hobc  solution,  on  the  corresponding  oxides  or  anhydrides,  or  on 
the  ethylic  ethers  of  glycollic  and  lactic  acid ;  thus : 

C3H402     +    NH3       =  C3H7N02 

Lactide.  Lactamidc. 

C,H,(OH)  C9H4OH 
|"  +    NH9H    =    HOC,H6    +  f 

CO(OC2H6)  CONH2 

Ethyl  lactate.  Alcohol.  Lactamidc. 

Leucamide,  the  neutral  ether  of  leucic  acid,  is  not  known. 

The  amic  acids  of  this  series  possess  basic  as  well  as  acid  pro- 
perties, and  are  therefore  often  designated  by  names  ending  in  ine, 
the  ordinary  termination  for  organic  bases,  glycollamic  acid  being 
designated  as  glycocine,  lactamic  acid  as  alanine,  leucamic  acid  as 
leucine  (pp.  681,  683,  687). 

Amidnbemmc  acid,  C7H5(NH2)02,  or  CeH4(NH2) .  C02H,  pro- 
duced from  nitro-benzoic  acid,  C7H5(N02)02,  by  the  action  of 
hydrogen  sulphide,  may  also  be  regarded  as  owy-benza/nvic  acid, 
derived  from  oxy-benzoic  acid,  C0H,(OH).  C02H,  by  substitution 
of  NHgfor  OH. 

Dicmidohenzoic  acid,  C7H4(NH2)202,  formed  in  like  manner 
from  diriitrobenzoic  acid,  may  also  be  viewed  as  dioxybcnzamic 
acid,  derived  from  a  hypothetical  dioxybenzoic  acid,  C0H3(OH)2. 
C02H  ;  but  accordi  ng  to  the  mode  of  formation  of  these  acids,  they 
are  more  conveniently  regarded  as  derivatives  of  benzoic  acid. 
Similar  remarks  apply  to  the  amidated  acids  derived  from  the 
homoloeuea  of  benzoic  acid. 


AMIDIOS  IlKRIVED  FROM  DIATOMIC  AND  1!TI!AHIC  ACIDS. 

Each  acid  of  this  group  may  give  rise  to  three  amides:  viz. 
I.  An  acid  amide,  or  amic  acid,  formed  from  the  acid  ammo- 
niiim-salt  by  abstraction  of  one  molecule  of  water.  2.  A  neutral 
monamide  or  imide,  formed  from  the  acid  anvmonrum-salt  by 
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abstraction  of  two  molecules  of  water.  3.  A  neutral  diamide. 
derived  from  the  neutral  ammonium-salt  by  abstraction  of  two 
molecules  of  water.  Thus  from  succinic  acid,  (C4H402)"(OH),,  are 
derived : 

C4H5(NH4)04  -  H20  =  C4H,N03  =  (C4H402)''(NH2)(OH)  =  (C4H402)"  £ 
Acid  ammonium  Succinamic  H  ) 

succinate.  acid. 

C4Hs(NH4)04  -  2H20=C4H5N02  =(C4H402)"(NH)"       =(C-|H402)"  )  N 
Acid  salt.  Succinimide.  ' 

C4H4(NH4)304-  2H20  =  C4H8N202=(C4H402)"(NH2)2      =<C4H4Os)" )  ^ 
Neutral  salt.  Snccinumide.  4  ' 

The  amic  acids  of  this  group  are  produced : 

1.  By  the  action  of  heat  on  the  acid  ammonium-salts  of  the  cor- 
responding acids. 

2.  By  the  action  of  aqueous  ammonia  on  the  neutral  ethers  of 
bibasic  acids ;  e.g. : 

(C202)"(OC2H5)2  +  NH3  +  H(OH)  =  2H(OC2Hs)  +  (C202)"(NH2)(OH) 
Ethyl  oxalate.  Alcohol.  Oxamic  acid. 

3.  By  boiling  imides  with  ammonia,  under  which  circumstances 
they  take  up  a  molecule  of  water,  and  are  converted  into  amic 
acids ;  thus  succinimide,  C4H,N02,  with  H90  forms  succinamic 
acid,  C4H7N03. 

The  typic  or  extra-radical  hydrogen  in  these  amides  may  also  be 
replaced  by  alcoholic  or  by  acid  radicals,  thereby  producing  alkal- 
amides,  secondary  and  tertiary  diamides,  &c.  The  mode  of  pro- 
ducing such  compounds  may  be  understood  from  the  following 
equations : 

(C20/(ONH3CH3)OH  -  H20  =  (C202)"NH(CH3).(OH) 

Acid  methylammo-  Methyloxamic  acid, 

nium  oxalate. 

(C4H402)"0       +  NH2(C6H5)  =  H20  +N(C0H5)(C4H4O2)" 

Succinic  Aniline.  Phenylsuccinimide. 

oxide. 

(C202)"(OC2H5)2+2NH2(CH3)  =  2H(OC2H5)+N2H2(C202)"(CH3). 

Ethyl  oxalate.         Methylamine.  Ethyl  Dimethyl-oxamide. 

alcohol. 

(CO)Cl2  +2NH2(C0H5)=2HC1  +N2H2(CO)"(C6Hfi)2 

Carbonyl  41  Aniline.  Diphcnyl-caroamide. 

chloride. 

2N(C4H402)"Ag+(C4H402)"Cl2=2AgCl  +N2(C4H402)"; 

Argentosuccin-  Succinyl  Trisuccinamide. 

imide.  chloride. 

Amides  of  Oxalic  Acid. — Oxamic  acid,  C2NH303  = 
(C'202)"(NH2)(OH),  is  produced  by  heating  acid  ammonium  oxalate 
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to  about  230° ;  also  as  an  ammonium-salt  by  boiling  oxainide  with 
aqueous  ammonia:  C2H4N202-f-  H20  =  02H2(NH4)NO3.  Oxamic 
acid  is  a  white  crystalline  powder  sparingly  soluble  in  cold  water, 
still  less  soluble  in  alcohol  and  ether.  It  is  monobasic,  and  forms 
numerous  crystalline  metallic  salts. 

Oxamic  ethers  may  be  formed  by  substitution  of  ethyl- 
radicals  for  hydrogen,  either  in  the  group  NH2  or  in  the  group 
OH  of  oxamic  acid,  the  resulting  ethers  being  acid  in  the  former 
case,  neutral  in  the  latter.  The  neutral  ethers,  also  called  oxa- 
methanes,  are  formed  by  the  action  of  ammonia,  in  the  gaseous 
state  or  in  alcoholic  solution,  on  neutral  oxalic  ethers ;  thus : 

(C202)"(OC2H5)2  +  NH3  =  HOC2H5  +  (C202)"(NH2)(OC2H6) 

Ethyl  oxalate.  Alcohol.  Ethyl  oxamate. 

They  are  crystalline  bodies  soluble  in  alcohol,  decomposed  by 
boiling  water,  yielding  ammonium  oxalate  and  the  corresponding 
alcohol. 

The  acid  ethers  of  oxamic  acid,  containing  one  equivalent  of 
alcohol-radical,  are  produced  by  dehydration  of  the  acid  oxalates 
of  the  corresponding  amines ;  thus  : 

(C202)"(ONH3C2H5)(OH)  -  H20  =  (C202)TNH(C2H3)](OH) 

Acid  etliylummonium  Ethyloxamic  acid, 

oxalate. 

Methyloxamic  and  phenyloxamic  acids  are  also  known.  These 
acid  ethers  are  metameric  with  the  neutral  oxamic  ethers  contain- 
ing the  same  alcohol-radicals. 

The  replacement  of  both  the  hydrogen-atoms  in  the  group  NH2 
in  oxamic  acid,  would  also  yield  monobasic  acid  ethers ;  none  of 
these  are,  however,  known  in  the  free  state,  but  the  ethylic  ethers 
of  dimethyl-  and  diethyl-oxamic  acids  have  been  obtained,  e.g., 
ethylic  dimethyl-oxamate,  (C202)"N(CH3)2(OC2H6) . 

The  imide  of  oxalic  acid  is  not  known. 

Oxamide,  N2(C202)"H4 . — This  compound  is  produced  by  the 
action  of  heat  on  neutral  ammonium  oxalate  (p.  720),  but  is  more 
advantageously  prepared  by  the  action  of  ammonia  on  neutral 
ethyl  oxalate.  It  is  also  formed  in  several  reactions  from  cyanogen 
and  cyanides;  an  aqueous  solution  of  hydrocyanic  acid,  mixed 
with  hydrogen  dioxide,  vields  a  crystalline  deposit  of  oxamide: 
2CNH  +  H202  =  C2N2H(02. 

Oxamide  is  a  white,  light,  tasteless  powder,  insoluble  in  cold 
water,  slightly  soluble  in  boiling  water,  insoluble  in  alcohol. 
Seated  in  an  open  tube  it  volatilises  and  forms  a  crystalline  sub- 
limate; but  its  vapour,  passed  through  a  red-hot  tube,  is  com- 
pletely resolved  into  carbon  monoxide,  ammonium  carbonate, 
hydrocyanic  acid,  and  urea  (or  carbamide): 

2C2N2H402  =  CO  +  CO.,  +  NHa  +  CNH  +  CN2H40. 
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Dilute  mineral  acids  decompose  it,  yielding  an  ammonium-salt 
and  free  oxalic  acid;  e.g. : 

C2N2H402  +  H2S04  +  2H20  =  (NH^SO,  +  C2H204. 

Dimethyloxamide,  N2(C202)"H„(CH3)2,  is  produced  by  the  dry 
distillation  of  methylammomivm  oxalate : 

C2(CHBN)204    -    2H20    =  C2N2H2(CH3)202. 

Diethyloxamide,  diamyloxamide,  diphenyloxamide,  and  dinaph- 
thyloxamide,  are  obtained  in  a  similar  manner. 

Amides  of  Carbonic  Acid.—  Carbamic  acid,  (CO)"(NH„) 
(OH),  is  not  known  in  tbe  free  state,  that  is  as  a  hydrogen-salt, 
but  its  ammonium-salt,  (CO)"(NH2)(ONH4),  is  produced,  as 
already  noticed  (p.  347),  by  the  direct  combination  of  carbon  di- 
oxide and  ammonia-gas.  This  salt  is  easily  obtained  pure  and  in 
large  cpiantity  by  passing  the  two  gases,  both  perfectly  dry,  into 
cold  absolute  alcohol,  separating  the  copious  crystalline  precipi- 
tate by  filtration  from  the  greater  part  of  the  liquid,  and  heating 
it  with  absolute  alcohol  in  a  sealed  tube  to  100°,  or  above.*  The 
liquid,  on  cooling,  deposits  ammonium  carbamate  in  large  crystal- 
line laminae,  which,  if  perfectly  dried  over  oil  of  vitriol,  and  then 
heated  in  a  sealed  tube  to  130°-140°,  split  up  into  ammonium 
carbonate  and  urea,  one  molecule  of  it  giving  up  a  molecule  of 
water  to  another : 

2CN2H602       =       CN2H40       +  (NH4)2C03 

Ammonium  Urea.  Ammonium 

carbamate.  carbonate. 

Carbamic  Ethers. — Carbamic  acid  forms  acid  and  neutral 
ethers,  accordingly  as  an  atom  of  hydrogen  in  the  group  NH,  or 
OH  is  replaced  by  an  alcohol-radical. 

Ethylcarbamic  acid,  (CO)".  NH(C2H5) .  OH,  is  not  known  in 
the  free  state,  but  its  etbylamrnoniuni-salt,  (CO)".  NH(C2H.) . 
ONH3(C2H6),  is  produced,  as  a  snow-white  powder,  by  passing 
carbon  dioxide  into  anhydrous  ethylamine  cooled  by  a  freezing 
mixture.  Its  aqueous  solution,  like  that  of  ammonium  carbamate, 
does  not  precipitate  barium  chloride  unless  aided  by  heat.  The 
methylammonium-salt  of  methylcarbamic  acid  is  obtained  in  a 
similar  manner.  Phenylcarbamic  acid,  (CO)".  NH(C0H6) .  OH,  also 
called  carbanilic  and  anthranilic  acid,  isomeric  with  amidobenzoic 
acid,  is  obtained  by  boiling  indigo  with  potash  and  manganese 
dioxide.  It  is  a  crystalline  body,  soluble  in  water,  and  converted 
by  nitrous  acid  into  salicylic  acid,  with  evolution  of  nitrogen : 

(CO)".  NH(C„Hfi) .  OH  +  N02H  =  C6H4(OH) .  C02H  +  H20  +  N2 . 

Plienyl-carbamic  acid.  Phenyl-carbonic 

acid. 

*  Kolbe  and  Basaroff,  Chem.  Soc.  Journal  [2],  vi.  194. 
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The  neutral  carbamic  ethers  are  called  urethanes.  Ethyl  car- 
bamate, (CO".NH3.OC2Hf„  called  simply  urethane,  is  formed  by 
Leaving  ethyl  carbonate  in  contact  with  aqueous  ammonia;  and 
by  the  action  of  ammonia  on  ethyl  chlorocarbonate  (alcohol 
saturated  with  carbonyl  chloride)  : 

(CO)"(OC2H6)Cl   +  NH3   =   HC1  +  (CO)"(NH2)(OC2H6) . 

It  forms  colourless  crystals  easily  soluble  in  water.  Methyl  car- 
bamate, methylic  urethane,  or  urethylane,  and  amyl  carbamate  or 
amvylic  urethane,  are  obtained  in  like  manner. 

Carbamic  acid,  in  which  the  whole  of  the  oxygen  is  replaced  by 
sulphur,  constitutes  sulpho-carbamic  acid,  (CS"(NH2)(SH). 
There  is  also  an  oxysulpho-carbamic  acid,  (CS)"(NH2)(OH), 
the  ethylic  ether  of  which  is  xanthamide,  (CS)"(NH2)(OC2Hs) 
(p.  715). 

Carbimide,  (CO)"(NH)"  or  N  j         ,  is  the  same  as  cyanic 

acid ;  and  many  of  the  reactions  of  cyanic  acid  are  most  naturally 
represented  by  the  formula  just  given,  especially  its  conversion 
into  carbon  dioxide  and  ammonia  under  the  influence  of  acids  or 
alkalis : 

NH(CO)"    +    H20    =    NH3    +  (CO)"0, 

and  the  corresponding  formation  of  ethylamine  and  its  homologues 
by  distilling  isocyanic  ethers  with  potash.  The  isocyanic  ethers  in 
like  manner  are  alcoholic  carbimides. 

Carbamide  and  Urea. — Carbamide, CN2H40  or  N2(CO)"H4, 
is  produced  by  the  action  of  ammonia-gas  on  carbonyl  chloride : 

C0C1.2    +    2NH3    =    2HC1    +  N2COH4; 

also  by  the  action  of  ammonia  on  ethyl  carbonate,  and  by  the  decom- 
position of  oxamide  at  a  red  heat:  C202N2H4  =  CON2H4  +  CO. 
It  closely  resembles  urea,  differing  indeed  only  in  its  products  of 
oxidation. 

Urea  may  be  extracted  from  its  natural  source,  the  urine,  or  it 
may  be  prepared  by  artificial  means.  1.  Fresh  urine  is  concen- 
trated in  a  water-bath,  until  reduced  to  an  eighth  or  a  tenth  of  its 
original  volume,  and  filtered  through  cloth  from  the  insoluble 
deposit  of  urates  and  phosphates.  The  liquid  is  mixed  with  about 
an  equal  quantity  of  a  strong  solution  of  oxalic  acid  in  hot  water, 
and  the  whole  vigorously  agitated  and  left  to  cool.  A  very  copious 
fawn-coloured  crystalline  precipitate  of  urea  oxalate  is  obtained, 
which  may  be  placed  upon  a  cloth  filter,  slightly  washed  with  cold 
water,  and  pressed.  Tins  is  to  be  dissolved  in  boiling  water,  and 
powdered  chalk  added  until  effervescence  ceases,  and  the  liquid 
becomes  neutral.  The  solution  of  urea,  is  filtered  from  the  insoluble 
calcium  oxalate,  warmed  with  a  little  animal  charcoal,  again 
filtered,  and  concentrated  by  evaporation,  avoiding  ebullition,  until 
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crystals  form  on  cooling:  these  are  purified  by  a  repetition  of  the 
last  part  of  the  process.  Urea  may  be  extracted  in  great  abundance 
from  the  urine  of  horses  and  cattle  duly  concentrated,  and  from 
which  the  hippuric  acid  has  been  separated  by  addition  of  hydro- 
chloric acid ;  oxalic  acid  then  throws  down  the  oxalate  in  such 
quantity  as  to  render  the  whole  semi-solid.  Another  process  con- 
sists in  precipitating  the  evaporated  urine  with  concentrated  nitric 
acid,  when  urea  nitrate  is  precipitated,  which  is  purified  by  re- 
crystallisation  with  the  aid  of  animal  charcoal,  and,  lastly,  decom- 
posed by  barium  carbonate,  whereby  a  mixture  of  barium  nitrate 
and  urea  is  formed,  which  is  to  be  evaporated  to  dryness  on  the 
water-bath,  and  exhausted  with  hot  alcohol ;  the  urea  then  crystal- 
lises on  cooling. 

2.  Urea  is  produced  artificially  by  heating  a  solution  of  am- 
monium cyanate.  The  following  method  of  proceeding  yields  it 
in  any  quantity  that  can  be  desired.  Potassium  cyanate  (p.  848), 
is  dissolved  in  a  small  quantity  of  water,  and  a  quantity  of  dry 
neutral  ammonium  sulphate,  equal  in  weight  to  the  cyanate,  is 
added.  The  whole  is  evaporated  to  dryness  in  a  water-bath,  and 
the  dry  residue  boiled  with  strong  alcohol,  which  dissolves  out 
the  urea,  leaving  the  potassium  sulphate  and  the  excess  of  am- 
monium sulphate  untouched.  The  filtered  solution,  concentrated 
by  distilling  off  a  portion  of  the  spirit,  deposits  the  urea  in  beauti- 
ful crystals  of  considerable  size. 

3.  Urea  is  formed,  as  already  mentioned,  by  the  decomposition 
of  ammonium  carbamate,  and  may  be  obtained  by  heating  com- 
mercial carbonate  of  ammonia,  which  contains  the  carbamate. 

Urea  forms  transparent,  colourless,  four-sided  prisms,  which  are 
anhydrous,  soluble  in  an  equal  weight  of  cold  water,  and  in  a 
much  smaller  quantity  at  a  high  temperature.  It  is  also  readily 
dissolved  by  alcohol.  It  is  inodorous,  has  a  cooling  saline  taste, 
and  is  permanent  in  the  air,  unless  the  latter  be  very  damp. 
When  heated  it  melts,  and  at  a  higher  temperature  decomposes, 
with  evolution  of  ammonia  and  ammonium  cyanate ;  cyanuric 
acid  remains,  which  bears  a  much  greater  heat  without  change. 
The  solution  of  urea  is  neutral  to  test-paper :  it  is  not  decomposed 
in  the  cold  by  alkalis  or  by  calcium  hydrate,  but  at  a  boiling  heat 
emits  ammonia,  and  forms  a  metallic  carbonate.  The  same  change 
happens  by  fusion  with  the  alkaline  hydrates,  and  when  urea  is 
heated  with  water,  in  a  sealed  tube,  to  a  temperature  above  100° : 

COH4N2    +    H20    =    C02    +  2NH3. 

Urea  contains,  in  fact,  the  elements  of  ammonium  carbonate  minus 
the  elements  of  water :  C03(NH.j),  -  2H20,  and  has  accordingly 
been  supposed  to  be  identical  with  carbamide.  But  from  the 
experiments  of  Wanklyn  and  Gamgee,*  on  the  oxidation  of  urea, 
it  appears  to  be  isomeric,  not  identical  with  that  compound,  inas- 
*  Chem.  Soc.  Journal,  [2],  vi.  25. 
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much  as,  when  heated  with  a  large  excess  of  potassium  perman- 
ganate in  presence  of  much  free  alkali,  it  gives  off  all  its  nitrogen 
in  the  free  slate  as  gas,  whereas  when  amides  and  ammonium-salts 
are  thus  treated,  the  whole  of  the  nitrogen  is  oxidised  to  nitric 
acid. 

Its  formation  from  ammonium  carbamate  tends  to  show  that  it 
is  the  amide  of  carhamic  acid,  and  as  such  indeed  it  is  regarded  by 
Kolbe.    If,  however,  carbamic  acid  be  represented  by  the  formula 

CO  |  qjj2,  its  amide  must  be  identical  with  the  diamide  of  car- 
bonic acid,  that  is  with  carbamide  :  thus 

NH,  NH„  OH 

I'  X  1 

CO  CO  CO 


NHj 

Carbamic  acid.  Carbamide.  Carbonic  acid. 

It  is  possible,  however,  that  the  true  constitution  of  carbamic  acid 

C=0 

may  be  that  represented  by  the  formula  NH2  ,  in  which  the  nitro- 

I 

OH 

gen  is  quinquivalent,  and  in  that  case  its  amide  will  be — 
C=0 

II  (  (CO)" 

NH2  or  *H  H2 


NH., 


(NH 


2 


which  is  perhaps  the  true  formula  of  urea. 

A  solution  of  pure  urea  shows  no  tendency  to  change  by  keep- 
ing, and  is  not  decomposed  by  boiling ;  in  the  mine,  on  the  other 
hand,  where  it  is  associated  with  putrefiable  organic  matter,  as 
i uncus,  the  case  is  different.  In  putrid  urine  no  urea  can  be 
found,  but  enough  ammonium  carbonate  to  cause  brisk  effer- 
vescence with  an  acid;  and  if  urine,  in  a  recent  state,  be  long 
boiled,  it  gives  off  ammonia  and  carbonic  acid  from  the  same 
source. 

Orea  is  instantly  decomposed  by  nitrous  acid  into  carbon  dioxide, 
nitrogen  and  water:  COH4N,  +  2N02H  =  C02  -f-  2N2  +  3H20  ; 

this  dec  position  explains  the  use  of  urea  in  preparing  nitric 

el  her  (p.  584).  When  chlorine  gas  is  passed  over  melted  urea, 
hydrochloric  acid  and  nitrogen  are  evolved,  and  there  remains  a 
mixture  of  sal-ammoniac  and  cyanuric  acid  : 

(>C0H4N2  +  3C12  =  2C8H8N808  +  4NH40]  +  2BEC]  +  N2; 
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Derivatives  of  Urea  containing  Alcohol-radicals. 

Ethyl-urea,  C3H8N20  =  CH3(C2H5)N20,  is  produced  bypassing 
cyanic  acid  vapour  into  a  solution  of  ethylamine.  The  liquid 
becomes  not,  and  deposits,  after  evaporation,  fine  crystals  of  ethyl- 
urea  :  C2H7N  -f  CNHO  =  C3H8N20.  This  substance  may  also 
be  prepared  by  treating  cyanic  ether  with  ammonia :  CN(C2H-)0 
-j-  NH3  =  C3HsN20.  It  is  very  soluble  in  water  and  alcohol : 
the  concentrated  aqueous  solution,  unlike  that  of  ordinary  urea, 
yields  no  precipitate  with  nitric  acid  ;  but  on  gently  evaporating 
the  mixture,  a  very  soluble  crystalline  nitrate  of  ethyl-urea  is 
obtained.  Boiled  with  potash,  it  yields  a  mixture  of  1  molecule 
of  ammonia  and  1  molecule  ethylamine :  C3H8N20  +  2KHO  = 
K2C03  -f  NH3  +  C2ELN. 

Biethyl-urea,  C5H12N20  =  CH2(C2H5)2]Sr20. — Diethylamide  be- 
haves with  cyanic  acid  like  ammonia  and  ethylamine,  giving 
rise  to  diethyl-urea.  A  similar  but  not  identical  substance 
is  formed  by  the  action  of  cyanic  ether  upon  ethylamine : 
CN(C2H5)0  +  C2HrN  =  C5Hl2N20.  The  diethyl-ureas  are  very 
crystailisable,  and  readily  form  crystalline  nitrates.  Boiled 
with  potash,  they  yield,  the  former  1  molecule  of  diethylamine 
and  1  molecule  of  ammonia:  CH2(C2HB)2N20  +  2KHO  = 
K2C03  +  NH(C2Hfi)2  +  NH3 ;  the  latter,  pure  ethylamine : 
CH2(C2H5)2N20  +"  2KHO  =  K2C03  +  2NH2(C2H6). 

Metlujl-urea,  CH3(CH3)N20,  dimethyl-urea,  CH2(CH2)2N20,  and 
methyl-ethyl-urea,  CH2(CH3)(C2H,)N20,  are  obtained  by  similar 
processes,  the  last  by  the  action  of  methyl  cyanate  on  ethylamine. 

Of  amyl-urea,  C6Hl4N20,  two  modifications  are  known,  viz.. 
primary  amyl-urea,  CH3(CfiH11)N20,  prepared  like  ethyl-urea,  and 
secondary  amyl-urea,  or  methyl-butyl-urea,  CH2(CH3)(C4H9)N20, 
obtained  by  the  action  of  ammonia  on  amylene  cyanate. 


AMIDES  DERIVED  PROM  ACIDS  OF  HIGHER  ATOMICITY. 

Our  knowledge  of  these  amides  is  somewhat  limited:  we  shall 
notice  only  those  derived  from  malic  and  from  citric  acid. 

Malic  acid  (OjH302)"'(OH)3,  which  is  triatoroic  and  bibasic, 
forms  an  acid  amide  and  a  neutral  amide : 

(OH  (OH 

(C4H302"'  \  OH      (C4H302)'"   NH2      (C4H302)'"  NH, 

(  OH  (  NH2 

Mnlamic  acid.  Malumide. 

Malamide  is  deposited  in  small  crystals,  when  ammonia-gas  is 
passed  into  an  alcoholic  solution  of  ethylic  malate  : 
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C4H4(C2H6)206    +    2NH3    =    2C2HflO    +  C4H8N203. 

Ethyl  nnilate.  Alcoliol.  Malamide. 

Malamic  acid,  C4H7N04,  is  not  known  in  the  free  state  ;  but 
its  ethylic  ether,  or  malamethane,  C4HB(C2Hg)N04,  is  produced  as  a 
crystalline  mass,  when  dry  ethyl  nialate  is  saturated  with  am- 
monia-gas : 

C4H4(C2Hfi)2Ofi  +  NH3  =  C2H60  +  C4H0(CaHs)NO4. 

Malamide,  C4H8N203,  is  metameric,  not  identical,  with aspara- 
gin, a  substance  found  in  the  root  of  marsh-mallow,  in  asparagus- 
shoots,  and  in  several  other  plants.  To  prepare  asparagin,  marsh- 
mallow  roots  are  chopped  small,  and  macerated  in  the  cold  with 
milk  of  lime  ;  the  filtered  liquid  is  precipitated  by  carbonate  of 
ammonia,  and  the  clear  solution  evaporated  in  the  water  bath  to 
a  syrupy  state.  The  impure  asparagin,  which  separates  after  a  few 
days,  is  purified  by  re-crystallisation.  Asparagin  forms  brilliant, 
transparent,  colourless  crystals,  which  have  a  faint,  cooling  taste, 
and  are  freely  soluble  in  water,  especially  when  hot.  When  dis- 
solved in  a  saccharine  liquid,  which  is  afterwards  made  to  ferment, 
or  when  heated  with  water  under  pressure  in  a  close  vessel,  or  when 
boiled  with  an  acid  or  an  alkali,  it  is  converted  into  ammonia  and 
aspartic  acid,  an  acid  metameric  with  malamic  acid. 

Asparagin  differs  from  nialamide  in  crystalline  form  ;  more- 
over, it  contains  water  of  crystallisation,  the  composition  of  the 
crystals  being  C4H8N203.H20,  whereas  those  of  malamide  are  an- 
hydrous. The  two  substances  differ  also  in  their  action  on  polar- 
ised light,  malamide  having  a  specific  rotatory  power  of  —47-5°, 
whereas  that  of  asparagin  in  an  acid  solution  is  +  35°,  and  in  an 
ammoniacal  solution  -11°  18'.  Lastly,  malamide,  when  treated 
With  alkalis,  is  easily  resolved  into  ammonia  and  malic  acid, 
whereas  asparagin,  as  already  observed,  yields  ammonia  and 
aspartic  acid. 

The  difference  of  constitution  between  these  metameric  bodies 
may  be  represented  by  the  following  formulae : 

COOH 
I 

CHOH 

A. 


JH9 


300H 

Malic  acid. 


COOH 

CONH, 

CONH2 

CONH2 

1 

CHNHn 
1 

1 

CHOH 

CHNH2 

CHOH 

CH2 

1 

CH2 

CH2 

CH2 

COOH 

COOH 

(Soon 

1 

CONH2 

Aspartic 
acid. 

Malamic 
acid. 

Asparaffin. 

Malamide. 

These  formula  indicate  that  aspartic  acid  is  bibasic,  malamic  acid 
and  asparagin  monobasic,  and  malamide  neutral.  Now,  malamide 
is  certainly  neutral,  and  asparagin  forms  suits  by  substitution  of 
metals  for  one  of  its  hydrogen-atoms.    The  basicity  of  malamic 
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and  asparlic  acids  is  not  very  distinctly  made  out.  Aspartic  acid 
is  commonly  said  to  be  monobasic,  forming  neutral  salts,  like 
C4HeKN04,  and  likewise  basic  salts  ;  but  the  aspartates  have  not 
been  very  fully  investigated,  and  it  is  quite  possible  that  these 
so-called  basic  salts  may  really  be  neutral. 

There  are  also  phenylated  amides  of  malic  acid,  viz.,  diphenyl- 
malamide  or  malanilide,  C4H0(C6H5)2N2O3,  and  phenyl-malimide 

or  malanil,  C10H9NO3  =  (C4H302)'"  j  qq^jj  >  produced  simultane- 
ously by  fusing  malic  acid  with  aniline  ;  and  phenyl-malamic  or 

(  OCfiH5 

malanilic  acid,  C10HuNO4  =  (C^HgO^'"  <  NH2  ,  obtained  as  an 

(OH" 

ammonium-salt  by  boiling  phenyl-malimide  with  aqueous  am- 
monia. 

Lastly,  the  action  of  heat  on  acid  ammonium  malate  yields 
malamyl-nitrih,  (C4H302)/"N,  which  is  identical  with  the  imide 
of  fumaric  acid,  and  when  boiled  with  hydrochloric  or  nitric  acid, 
yields  compounds  of  these  acids  with  an  optically  inactive  variety 
of  aspartic  acid :  C4H302N  +  2H20  =  C4H7N04. 

Amides  of  Citric  Acid. — Gitramide,  N3(C6H604)"'H6,  is  a  crys- 
talline compound,  slightly  soluble  in  water,  obtained  by  the  action 
of  alcoholic  ammonia  on  ethyl  or  methyl  citrate. — Triphenyl-citra- 
mide,  N3(CeH504)"'(C0H6)3H3,  obtained  by  the  action  of  heat  on 
neutral  phenylammonium  citrate,  C6H5(CLH8N)304,  from  which 
it  differs  by  3H20,  crystallises  from  alcohol  in  colourless  striated 
prisms. 

Citrimide  and  citramic  acid  are  not  known  :  but  pkenylic  de- 
rivatives of  these  amides  have  been  obtained. 


URIC  ACID  AND  UREIDES. 

Uric  Acid,  C5N4H403,  formerly  called  Lithic  acid,  is  a  pro- 
duct of  the  animal  organism,  and  has  never  been  formed  by  artifi- 
cial means.  It  may  be  jjrepared  from  human  urine  by  concen- 
tration and  addition  of  hydrochloric  acid,  and  crystallises  out  after 
some  time  in  the  form  of  small,  reddish,  translucent  grains,  very 
difficult  to  purify.  A  much  preferable  method  is,  to  employ  the 
solid  white  excrement  of  serpents,  which  can  be  easily  procured: 
this  consists  almost  entirely  of  uric  acid  and  ammonium  urate.  It 
is  reduced  to  powder,  and  boiled  in  dilute  solution  of  caustic 
potash:  the  liquid,  filtered  from  the  insignificant  residue  of  fecu- 
lent matter  and  earthy  phosphates,  is  mixed  with  excess  of  hydro- 
chloric acid,  boiled  for  a  few  minutes,  and  left  to  cool.  The  pro 
duct  is  collected  on  a  filter,  washed  until  free  from  potassi 
chloride,  and  dried  by  gentle  heat, 
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Uric  acid,  thus  obtained,  forms  a  glistening,  snow-white  powder, 
tasteless,  inodorous,  and  very  sparingly  soluble.  It  is  seen  under 
the  microscope  to  consist  of  minute,  hut  regular  crystals.  It  dis- 
solves in  concentrated  sulphuric  acid  without  apparent  decomposi- 
tion, and  is  precipitated  by  dilution  with  water.  By  destructive 
distillation,  uric  acid  yields  cyanic  acid,  hydrocyanic  acid,  carbon 
dioxide,  ammonium  carbonate,  and  a  black  coaly  residue,  rich  in 
nitrogen.  By  fusion  with  potassium  hydrate,  it  yields  potassium 
carbonate,  cyanate,  and  cyanide.  When  treated  with  nitric  acid 
and  with  lead  dioxide,  it  undergoes  decomposition  in  a  manner  to 
be  presently  described. 

Uric  acid  is  bibasic :  its  most  important  salts  are  those  of  the 
alkali-metals.  Acid  potassium  urate,  C5N4H3K03,  is  deposited 
from  a  hot  saturated  solution  of  uric  acid  in  the  dilute  alkali,  as  a 
white,  sparingly  soluble,  concrete  mass,  composed  of  minute 
needles :  it  requires  about  500  parts  of  cold  water  for  solution,  is 
rather  more  soluble  at  a  high  temperature,  and  much  more  soluble 
in  excess  of  alkali.  Sodium  urate  resembles  the  potassium-salt- 
it  forms  the  chief  constituent  of  the  gouty  concretions  in  the  joints 
called  chalk-stones.  Ammonium,  urate  is  also  a  sparingly  soluble 
compound,  requiring  for  solution  about  1000  parts  of  cold  water- 
the  solubility  is  very  much  increased  by  the  presence  of  a  small 
quantity  of  certain  salts,  as  sodium  chloride.  The  most  common 
of  the  urinary  deposits,  forming  a  buff-coloured  or  pinkish  cloud 
or  muddiness,  which  disappears  by  re-solution  when  the  urine  is 
warmed,  consists  of  a  mixture  of  different  urates. 

Uric  acid  is  perfectly  well  characterised,  even  when  in  very 
small  quantity,  by  its  behaviour  with  nitric  acid.  A  small  portion 
mixed  with  a  drop  or  two  of  nitric  acid  in  a  small  porcelain 
capsule,  dissolves  with  copious  effervescence.  When  this  solution 
is  cautiously  evaporated  nearly  to  dryness,  and,  after  the  addition 
ot  a  little  water,  mixed  with  a  slight  excess  of  ammonia,  a  deep- 
red  tint  of  murexide  is  immediately  produced. 

Impure  uric  acid,  in  a  remarkable  state  of  decomposition,  is  now 
imported  into  this  country,  in  large  quantities,  for  use  as  a  manure, 
under  the  name  of  guano  or  huano.  It  conies  chiefly  from  the 
barren  and  uninhabited  islets  of  the  western  coast  of  Smith 
America,  and  is  the  production  of  the  countless  birds  that  dwell 
tmdisturbed  in  those  regions.  The  people  of  Peru  have  used  it 
tor  ages.  G-uano  usually  appears  as  a  pale-brown  powder,  some- 
times with  whitish  specks;  it.  has  an  extremely  offensive  odour, 
tne  strength  of  which,  however,  varies  very  much,  ft  is  soluble 
in  great  partm  water,  and  the  solution  is  found  to  be  extremely 
r"'1'  1,1  ammonium  oxalate,  the  acid  having-been  generated  by  a 
process  oi  oxidation.    Guano  also  contains  guanine  (\>.  906). 
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Products  formed  from  Uric  Acid  by  Oxidation,  Sc. 

Uric  acid  is  remarkable  for  the  facility  with  which  it  is  altered  by 
oxidising  agents,  and  for  the  great  number  of  definite  and  crystal- 
lisable  compounds  obtained  in  this  manner,  or  by  treating  the 
immediate  products  of  oxidation  with  acids,  alkalis,  reducing 
agents,  &c.  The  following  is  a  list  of  most  of  the  compounds  thus 
produced : — 


Uric  acid, 


CRN4H,Oa-H2* 


CJSUH9O 


c4n;h2o45.h2 

C8N4H407.3aq 


Pseudo-uric  acid,  C5N4H604.H 
Uroxanic  acid,  CJSTiH90,.,.H 
Alloxan,     .  . 
Alloxanic  acid, 
Alloxantin, 
Barbituric  acid, 
Bromobarbi-  ) 
turic  acid,  ) 
Dibromobar-  ) 
bituric  acid,  ) 
Violuric  acid,  . 
Dilituric  acid, 
Violantin,  .  . 
Dialuric  acid,  . 
Uramil, 


C4N2H203.H 
C4N2H2Br03 


Thionuric  acid,  C4N3H306S.H2 
Hydurilic  acid,  C4N4H4O0.H2 
Allantoin,  .    .  C4N4HG03 
Glycoluril,    .  C4N4H602 
My  come  lie  acid,  C4N4H30,.H 


Oxaluric  acid,  C3N2H304.H 
Allanturic  acid,  C3N2H303.H 
Hydanto'in,  .  C3N2H402 
Hydantoic  acid,  C3N2H503.H 
Alhturic  acid,  C0N4H'6O4.H 
Leucoturic  acid,  C6N4H305.H 
Parabanic  acid,  C3N2H,03 

DiSitm'!c  S  <vwvh2 

Murexide, .    .  C8N6Hs06 
Mesoxalic  acid,  C306.H2 

When  uric  acid  is  subjected  to  the  action  of  an  oxidising  agent 
in  presence  of  water,  it  gives  up  two  of  its  hydrogen-atonis  to  the 
oxidising  agent,  while  the  dehydrogenised  residue  (which  may  be 
called  dehyduric  acid)  reacts  with  water  to  form  mesoxalic 
acid  and  urea: 


C4N2H2Br203 

C4N3H904-H 
C4N3H205.H 
C4N6H609 
C4N2H304, 
C4N3H603 


H 


C5N4H203 

Dehyduric 
acid. 


+ 


4H20 


=  C3H20- 

Mesoxalic 
acid. 


+ 


2CN2H40 
Urea. 


The  separation  of  the  urea  generally  takes  place,  however,  by 
two  stages,  the  first  portion  being  removed  more  easily  than  the 
second ;  thus,  when  dilute  nitric  acid  acts  upon  uric  acid,  alloxan 
is  produced ;  and  this,  when  heated  with  baryta-water,  is  further 
resolved  into  mesoxalic  acid  and  urea : 


C5N4H203 

Dehyduric 
acid. 

C4N2H204 

Alloxan. 


+    2H20  = 


C4N2H204 

Alloxan. 


+ 


CN2H40 

Urea. 


+  2H20 


=  C3H205 

Mesoxalic  acid. 


+  CN.,H40 


Urea. 


*  The  basicity  of  the  several  acids  in  this  table  is  indicated  by  the 
number  of  hydrogen-atoms  to  the  right  of  the  point. 
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Moreover,  the  urea  is  frequently  resolved  into  carbonic  acid  and 
ammonia  by  the  action  of  the  acids  or  alkalis  present.  Alloxan 
is  a  monwreide  of  mesoxalic  acid — that  is  to  say,  it  is  a  compound 
of  that  acid  with  one  molecule  of  urea  minus  2H20 ;  and  the 
hypothetical  dehyduric  acid  is  the  diureide  of  the  same  acid, 
derived  from  it  by  addition  of  1  molecule  of  urea  and  subtraction 
of  4  molecules  of  water.  Now,  by  hydrogenising  mesoxalic  acid, 
we  obtain  tartronic  acid,  C3H405  (p.  728);  and  by  hydrogen- 
ising alloxan,  we  obtain  dialuric  acid,  which  two  bodies,  accord- 
ingly, bear  to  uric  acid  the  same  relation  that  mesoxalic  acid  and 
urea  bear  to  dehyduric  acid ;  thus : 


c3h2o5 

C4N2H204 

CfiN4H203 

Mesoxalic 

Alloxan. 

Dehydunc 

acid. 

acid. 

C3H405 

C4N2H404 

C5N4H403 

Tartronic 

Dialuric 

Uric  acid. 

acid. 

acid. 

and  just  as  the  hypothetical  dehyduric  acid  yields  mesoxalic  acid 
and  alloxan,  so  should  actual  uric  acid  yield  tartronic  and  dialuric 
acids.  These  bodies,  however,  have  not  been  obtained  by  the 
direct  breaking-up  of  uric  acid,  but  only  by  rehydrogenising  the 
mesoxalic  acid  and  alloxan  which  result  from  the  breaking-up  of 
its  dehydrogenised  product.  Provisionally,  however,  dialuric  and 
uric  acids  may  be  regarded  as  tartron-ureide  and  tartron-diureide 
respectively. 

The  several  bodies  just  mentioned  are  typical  of  three  well- 
defined  classes  of  compounds,  to  one  or  other  of  which  an  immense 
number  of  uric  acid  products  may  be  referred.  First,  there  is  the 
class  of  simple  non-nitrogenous  acids,  or  an-ureides,  like  tar- 
tronic and  mesoxalic  acid  ;  secondly  there  is  a  class  of  bodies  con- 
taining a  residue  of  the  acid  plus  one  residue  of  urea — these  are 
the  mon-ureides,  such  as  dialuric  acid  and  alloxan;  and,  lastly, 
the  class  of  bodies  containing  a  residue  of  the  acid  plus  two 
residues  of  urea,  or  the  di-ureides,  such  as  uric  acid  itself. 

Mesoxalic  acid,  the  most  complex  non-nitrogenous  jvroduct  ob- 
tainable directly  from  uric  acid,  constitutes  the  third  term  in  the 
following  series : 

CH203  C2H204  C3H20,, 

Carbonic.  Oxalic.  Mesoxulic. 

each  iif  which  contains  1  atom  of  carbon  monoxide,  CO,  more  than 
the  preceding.  Now,  when  mesoxalic  acid  is  acted  upon  by 
nascent  oxygen,  its  excess  of  carbon  monoxide  is  removed  in  the 
form  nt  carbon  dioxide,  and  it  is  thus  converted  into  oxalic 
acid : 

C3H206    4-    O    =    C02    +  02H204. 
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Hence,  when  uric  acid  is  subjected  to  a  more  active  oxidation  than 
that  which  suffices  to  produce  mesoxalic  acid,  we  obtain  oxalic 
acid,  which  may  occur  either  in  its  simple  anureide  state,  or  con- 
jugated with  1  molecule  of  urea  to  form  a  monureide,  such  as 
parabanic  acid ;  or  with  2  molecules  of  urea  to  form  a  diureide, 
such  as  mycomelic  acid,  a  body  related  to  oxalic  acid  just  as 
uric  acid  is  related  to  mesoxalic  acid. 

In  like  manner,  when  uric  acid  is  subjected  to  a  still  more 
powerful  oxidation  than  suffices  to  produce  oxalic  acid,  we  obtain 
carbonic  acid,  which,  like  oxalic  and  mesoxalic  acids,  is  also  capable 
of  giving  rise  to  ureides.  No  ureide  of  carbonic  acid  has,  indeed, 
yet  been  formed  directly  from  uric  acid,  the  active  treatment 
required  to  effect  the  complete  oxidation  of  the  uric  acid  producing 
also  a  separation  from  one  another  of  the  resulting  carbonic  acid 
and  urea,  which,  however,  may  be  obtained  in  combination  by 
other  means.  Allophanic  acid,  for  instance,  the  ethylic  ether 
of  which  is  obtained  by  passing  the  vapour  of  cyanic  acid  into 
absolute  alcohol,  is  a  monureide  of  carbonic  acid ;  but  no  diureide 
of  this  acid  appears  to  be  known. 

Alloxan,  the  monureide  of  mesoxalic  acid  above  mentioned,  is 
formed  from  mesoxalate  of  urea  by  elimination  of  two  molecules 
of  water;  but  there  is  another  monureide,  namely,  alloxanic 
acid,  which  differs  from  the  original  salt  by  only  one  molecule  of 
water.  Similarly,  oxalic  acid  forms  two  monureides, — namely, 
parabanic  acid  or  paraban,  analogous  to  alloxan;  and  oxa- 
luric  acid,  analogous  to  alloxanic  acid.  Carbonic  acid,  however, 
forms  but  a  single  ureide,  which  is  produced  by  the  elimination  of 
one  molecule  of  water,  and  accordingly  belongs  to  the  same  series 
as  oxaluric  and  alloxanic  acids : 


Similarly,  among  the  diureides,  some  are  formed  from  the  cor- 
responding monureides  by  elimination  of  one  molecule,  and  others 
by  elimination  of  two  molecules  of  water. 

Mesoxalic  acid,  as  already  observed,  is  convertible,  by  deoxida- 
tion  or  hydrogenation,  into  tartronic  acid,  and  by  pushing  the 
deoxidation  a  stage  further,  ma  Ionic  acid  (p.  723)  is  obtained, 
both  of  which  acids  are  capable  of  forming  monureides  and 
diureides;  and,  in  a  similar  manner,  oxalic  and  carbonic  acids  fur- 
nish a  variety  of  similar  deoxidation-products. 

Of  the  numerous  compounds  belonging  to  the  uric  acid  group 
thus  produced,  the  most  important  are  included  in  the  following 


Acids. 
CH203,  Carbonic. 
C2H204,  Oxalic. 


Ureides. 
C2N2H403,  Allophanic. 


C3H20,;,  Mesoxalic. 
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table  *  which  is  divided  perpendicularly  into  three  columns  of  an- 
ureides,  nion-ureides,  and  di-ureides,  and  horizontally  into  three 
layers  of  carbonic,  oxalic,  and  mesoxalic  products.  The  com- 
pounds connected  by  dotted  lines  differ  in  composition  from  one 
another  by  an  excess  or  deficit  of  one  molecule  of  urea  minus  one 
molecule  of  water,  while  those  standing  on  the  same  level  in  the 
adjoining  columns,  and  unconnected  by  dotted  lines,  differ  from 
one  another  by  an  excess  or  deficit  of  one  molecule  of  urea  minus 
two  molecules  of  water : — 


An-ureirfes. 

ilon-ureides. 

Di-ureides. 

CH.>03,  Carbonic 

CNoIT.,03,  Allophanic. 

C3N2Hc02,  Aceturea. 
.■  C3N2H(;03,  Glycoluric. 

V 

C4N4HcO„,  Glycoluvil. 
.•C4N4H0O3,  AUantoin. 

C2IT40.>,  Acetic. 
C,n405,  Glycollic. 
C2H404l  Glyoxylic. 

C3N2H402,  Hydantoln.'  •' 
C3N2H403,  Lantanuric. 
•  •'  C3N2H4o4,  Oxaluric. 

C4N4H402,  Mycomelic. 

C>H203,  Glyoxalic'  .. 
C2H204,  Oxalic. 

C3N2H203,  Paraban. 

c3n4o4 
C3II4O. 


Malonic. 

.  Taitronic. 


C4N2n403,  Barbituric. 


C5N4H40,  [Hypoxauthine. 
C5N4II.,02,  Xanthine. 


C3H205,  Mesoxalic. 


C4NzH404,  Dialuric...  C5N4II403,  Uric  acid. 

•C4N2H4Os,  Alloxanic.  ""—  C5N4Hc04,  Pseudo-uric. 

C'4N2H204,  Alloxan. 

Between  some  of  the  consecutive  monureides  shown  in  this  table, 
there  exist  bodies  formed  by  the  union  of  the  two  consecutive  mon- 
ureides, with  elimination  of  water.  Such  is  the  mode  of  forma- 
tion of  allituric,  lantanuric,  and  hydurilic  acids,  and  of 


H,0 


•H20 


HaO 


alloxantin;  thus: — 

C0N4H0O4  = 

C3N2H402 

+ 

C3N2H403 

Allituric 

Hydantoln. 

Lantanuric 

acid. 

acid. 

CRN4HA  = 

C3N2H403 

+ 

C3N2H203 

Leucoturic 

Lantanuric 

Paraban  ic 

acid. 

acid. 

acid. 

C8N4HnOB  = 

C',N2H403 

+ 

C4N2H404 

Hydurilic 

barbituric 

Dialuric 

acid. 

acid. 

acid. 

C8N4H407  = 

CNJl.O, 

+ 

C4N2H204 

Alloxantin. 

Dialuric 

Alloxan. 

acid. 

H.,0 


*  This  table,  together  with  the  preceding  view  of  the  relations  between 
the,  several  derivatives  of  uric  acid,  is  taken  from  Odling's  "  Lectures  on 
Animal  Chemistry."  London,  L866,  i>]>-  129-135.  This  view  of  the  consti- 
tution of  the  uric  acid  derivatives  is  due  to  Baeyer  (Ann.  eh.  Pharra. 
exxvii.  109;  exxx.  129;  exxxv.  312). 
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The  following  is  a  description  of  some  of  the  more  important 
compounds  above  enumerated : 

Allantoin,  C4N4HG03 .— This  substance,  which  contains  the 
elements  of  2  molecules  of  ammonium  oxalate  minus  5  molecules 
of  water  [2C2(NH4)204-  5H20],  is  found  in  the  allantoic  liquid  of 
the  foetal  calf  and  in  the  urine  of  the  sucking  calf.  It  is  produced 
artificially,  together  with  oxalic  acid  and  urea,  by  boiling  uric 
acid  with  iead  dioxide  and  water : 

2C5N4H403  +  06  +  5H20  =  C4N4H0O3  +  2C2H204  +  2CN2H403 . 

The  liquid  filtered  from  lead  oxalate,  and  concentrated  by 
evaporation,  deposits  on  cooling  crystals  of  allantoin,  which  are 
purified  by  re-solution  and  the  use  of  animal  charcoal.  The 
mother-liquor,  when  further  concentrated,  yields  crystals  of  pure 
urea.  Allantoin  forms  small  but  brilliant  prismatic  crystals, 
transparent,  colourless,  tasteless,  and  without  action  on  vegetable 
colours.  It  dissolves  in  160  parts  of  cold  water,  and  in  a  smaller 
quantity  at  the  boiling  heat.  It  is  decomposed  by  boiling  with 
nitric  acid,  and  by  oil  of  vitriol  when  concentrated  and  hot, 
being  in  this  case  resolved  into  ammonia,  carbon  dioxide,  and 
carbon  monoxide.  Heated  with  concentrated  solutions  of  caustic 
alkalis,  it  is  decomposed  into  ammonia  and  oxalic  acid. 

Alloxan,  C4N2H204.— This  is  the  characteristic  product  of  the 
action  of  strong  nitric  acid  on  uric  acid  in  the  cold.  It  is  best 
prepared  by  adding  1  part  of  pulverised  uric  acid  to  3  parts  of 
nitric  acid,  sp.  gr.  1-45,  in  a  shallow  basin  standing  in  cold  Avater. 
The  resulting  white  crystalline  mass,  after  standing  for  some 
hours,  is  drained  from  the  acid  liquid  in  a  funnel  having  its 
neck  stopped  with  pounded  glass,  then  dried  on  a  porous  tile,  and 
purified  by  crystallisation  from  a  small  quantity  of  water. 

Alloxan  crystallises  by  slow  cooling  from  a  hot  saturated  solu- 
tion in  large  efflorescent  rectangular  prisms  containing  C4N2H204 
-4-4  aq. ;  from  a  solution  evaporated  by  heat  it  separates  in 
monoclinic  octohedrons  with  truncated  summits,  containing 
C2N2H204  -+-  aq.  These  crystals  heated  to  150°-160°  in  a  stream 
of  hydrogen  give  off  their  water,  and  leave  anhydrous  alloxan, 
C2N2H204 .  Alloxan  is  very  soluble  in  water :  the  solution  has 
an  acid  reaction,  a  disagreeably  astringent  taste,  and  stains  the 
skin,  after  a  time,  red  or  purple.  It  is  decomposed  by  alkabs, 
and  both  by  oxidising  and  deoxidising  agents :  its  most  charac- 
teristic property  is  that  of  forming  a  deep-blue  compound  with  a 
ferrous  salt  and  an  alkali. 

Alloxanic  Acid,  C4N2H405 . — The  barium-salt  of  this  acid  is 
deposited  in  small  colourless,  pearly  crystals,  when  baryta- water 
is  added  to  a  solution  of  alloxan,  heated  to  60°,  as  long  as  the 
precipitate  first  produced  redissolves,  and  the  filtered  solution  is 
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then  left  to  cool.  The  barium  may  be  separated  by  the  cautions 
addition  of  dilute  sulphuric  acid,  and  the  filtered  liquid  by  gentle 
evaporation  yields  alloxanic  acid  in  small  radiated  needles.  It  has 
an  acid  taste  and  reaction,  decomposes  carbonates,  and  dissolves 
zinc  with  disengagement  of  hydrogen.  It  is  a  bibasic  acid.  The 
alloxanates  of  the  alkali-metals  are  freely  soluble :  those  of  the 
earth-metals  dissolve  in  a  large  quantity  of  tepid  water ;  that  of 
silver  is  quite  insoluble  and  anhydrous. 

Mesoxalic  Acid,  C3H205. — When  a  warm  saturated  solution  of 
barium  alloxanate  is  heated  to  ebullition,  a  precipitate  falls,  which 
is  a  mixture  of  barium  carbonate,  alloxanate,  and  mesoxalate : 
the  solution  is  found  to  contain  unaltered  barium  alloxanate  and 
urea.  Mesoxalic  acid  is  best  prepared  by  slowly  adding  solution 
of  alloxan  to  a  boiling-hot  solution  of  lead  acetate :  the  heavy 
granular  precipitate  of  lead  mesoxalate  thus  produced  is  washed 
and  decomposed  by  sulphuretted  hydrogen :  urea  is  also  formed 
in  this  reaction.  Mesoxalic  acid  is  crystallisable :  it  has  a  sour 
taste  and  powerfully  acid  reaction,  and  resists  a  boiling  beat : 
it  forms  sparingly  soluble  salts  with  barium  and  calcium,  and 
a  yellowish  insoluble  compound  with  silver,  which  is  reduced 
with  effervescence  when  gently  heated. 

Paraban  or  Parabanic  Acid,  C3N2H203. — This  is  the  cha- 
racteristic product  of  the  action  of  moderately  strong  nitric  acid 
on  uric  acid  or  alloxan,  with  the  aid  of  heat: 

C5N4H403  +  02  +  2H20  =  C3N2H203  +  2C02  +  2NH3. 

It  is  conveniently  prepared  by  beating  1  part  of  uric  acid  with 
8  parts  of  nitric  acid  till  the  re-action  has  nearly  ceased ;  the 
liquid  is  evaporated  to  a  syrup  and  left  to  cool ;  and  the  product 
drained  from  the  mother-liquor  is  purified  by  recrystallisation. 
Paraban  forms  colourless,  transparent,  thin,  prismatic  crystals, 
permanent  in  the  air :  it  is  easily  soluble  in  water,  has  a  pure  and 
powerfully  acid  taste,  and  reddens  litmus  strongly.  Neutralised 
with  ammonia,  and  boiled  for  a  moment,  it  yields  on  cooling 
crystals  of  the  ammonium  salt  of  oxaluric  acid,  C3N2H404, 
from  which  the  acid  may  be  separated  by  sulphuric  acid. 

Oxaluric  acid  contains  the  elements  of  1  molecule  of  parabanic 
acid  and  1  molecule  of  water.  Its  solution  is  resolved  by  ebulli- 
tion into  free  oxalic  acid  and  oxalate  of  urea. 

Thionuric  Acid,  C,,N3Hfj.SO0 .— This  acid,  which  contains  the 
elements  of  alloxan,  ammonia,  and  sulphurous  oxide  (C4N2H20,,  + 
NH3  +  S02),  is  formed,  as  an  ammonium-salt,  when  a  cold 
solution  of  alloxan  is  mixed  with  a  saturated  aqueous  solution  of 
sulphurous  acid,  in  such  quantity  that  the  odour  of  thegas 
remains  quite  distinct:  an  excess  of  ammonium  carbonate  mixed 
with  a  little  caustic  ammonia  is  then  added,  and  tin-  whole 
boiled  for  a  few  minutes.    On  cooling,  ammonium  thionurate  is 
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deposited  in  colourless  crystalline  plates,  which,  by  solution  in 
water  and  re-crystallisation  acquire  a  fine  pink  tint.  By  convert- 
ing it  into  a  lead  salt,  and  decomposing  the  latter  with  hydrogen 
sulphide,  thionuric  acid  is  obtained  as  a  white  crystalline  mass, 
very  soluble  in  water.  When  its  solution  is  heated  to  the  boiling 
point,  it  is  resolved  into  sulphuric  acid  and  uramile  or  dial- 
uramide,  C4N3H603: 

C4N3HflSOfi    +    H20    =    H2S04    +  C4N3H603. 

Uramile  may  be  prepared  by  boiling  a  solution  of  ammonium 
thionurate  with  a  slight  excess  of  hydrochloric  acid.  It  then 
separates  as  a  white  crystalline  substance,  nearly  soluble  in  water, 
but  soluble  in  alkalis.  The  ammoniacal  solution  becomes  purple 
in  the  air.  It  is  decomposed  by  strong  nitric  acid,  with  forma- 
tion of  alloxan  and  ammonium  nitrate:  C4N3H603  +  0  = 
C4N2H204  -+-  NH3 .  Heated  with  aqueous  solution  of  potassium 
cyanate,  it  is  converted  into  pseudo-uric  acid,  C.NJL.O,  = 
C4N3HB03  +  CNHO.  6  4  8  4 

When  added  to  argentic  or  mercuric  oxide  suspended  in  boiling 
water,  it  is  converted  into  murexide  (p.  940). 

Alloxantin,  C8N4H407.3  aq—  This  substance  is  the  chief  pro- 
duct of  the  action  of  hot  dilute  nitric  acid  upon  uric  acid,  and  is  like- 
wise produced  by  the  action  of  deoxidising  agents  upon  alloxan, 
anhydrous  alloxantin,  in  fact,  containing  1  atom  of  oxygen  less 
than  2  molecules  of  alloxan.  It  is  best  prepared  by  passing  sul- 
phuretted hydrogen  gas  through  a  moderately  strong  and  cold 
solution  of  alloxan.  The  mother-liquor  from  which  the  crystals 
of  alloxan  have  separated  answers  the  purpose  perfectly  well :  it 
is  diluted  with  a  little  water,  and  a  copious  stream  of  gas  trans- 
mitted through  it.  Sulphur  is  then  deposited  in  large  quantity, 
mixed  with  a  white,  crystalline  substance,  which  is  the  alloxantin. 
The  product  is  drained  upon  a  filter,  slightly  washed,  and  then 
boiled  in  water  :  the  filtered  solution  deposits  the  alloxantin  on 
cooling.  Alloxantin  forms  small,  four-sided,  oblique  rhombic 
prisms,  colourless  and  transparent ;  it  dissolves  with  difficulty  in 
cold  water,  but  more  freely  at  the  boiling  heat.  The  solu- 
tion reddens  litmus,  gives  with  baryta-water  a  violet-coloured 
precipitate  which  disappears  on  heating,  and  when  mixed  with 
silver  nitrate  produces  a  black  precipitate  of  metallic  silver. 
Heated  with  chlorine  or  nitric  acid,  it  is  changed  by  oxidation  to 
alloxan.  The  crystals  become  red  when  exposed  to  ammoniacal 
vapours.  They  contain  3  molecules  of  water,  which  they  do  not 
give  off  till  heated  above  150°. 

Alloxantin  is  readily  decomposed  :  when  a  stream  of  sulphur- 
retted  hydrogen  is  passed  through  its  boiling  solution,  sulphur  is 
deposited  and  dialuric  acid  is  produced.  A  hot  saturated  solution 
of  alloxantin  mixed  with  a  neutral  salt  of  ammonia  instantly 
assumes  a  purple  colour,  which,  however,  quickly  vanishes,  the 
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liquid  becoming  turbid  from  formation  of  uramile  :  the  solution 
then  contains  alloxan  and  free  acid.  With  silver  oxide,  allox- 
antin  gives  off  carbon  dioxide,  reduces  a  portion  of  the  metal, 
and  converts  the  remainder  of  the  oxide  into  oxalurate.  Boiled 
with  water  and  lead  dioxide,  alloxantin  gives  urea  and  lead 
carbonate. 

Dialuric  Acid,  C4N2H404,  is  the  final  product  of  the  action  of 
reducing  agents  on  alloxan,  and  is  formed  when  sulphuretted 
hydrogen  is  passed  through  a  boiling  solution  of  alloxan  till  no 
further  action  takes  place  :  C4N2H204  +  H2S  =  C4N2H404  +  S . 
It  forms  colourless  needles,  resembling  those  of  alloxantin,  has  a 
strong  acid  reaction,  and  neutralises  acids  completely,  forming  salts 
which  are  sparingly  soluble  in  water. 

Hydurilic  Acid,  C8N4H0O0.— Dialuric  acid,  heated  to  about 
160°  with  glycerin  (which  acts  merely  as  a  solvent),  splits  up 
into  formic  acid,  carbon  dioxide,  and  ammonium  hydurilate  : 

5C4N2H404    =    CH203    +    3C02    +    2C8N4H6(NH4)06 . 

By  converting  this  ammonium-salt  into  a  copper-salt,  and  decom- 
posing the  latter  with  hydrogen  sulphide,  hydurilic  acid  is 
obtained  in  crystals. 

Hydurilic  acid  is  converted  by  fuming  nitric  acid  into  alloxan, 
without  any  other  product  ;  but  with  nitric  acid  of  ordinary 
strength  it  yields  alloxan,  together  with  violuric  acid,  vio- 
lantin,  and  dilituric  acid:* 

C8N4H8O0  +  N03H  =  C4N3H304  +  C4N2H204  +  H20 

Hydurilic  Violuric  Alloxan, 

acid.  acid. 

CsN4HflOe  +  2N03H  =  C4N3H305  +  C4N2H204  +  N02H  +  H20. 

Hydurilic  Dilituric  Alloxan, 

acid.  acid. 

If  the  action  be  carried  on  to  the  end,  dilituric  acid  is  the  only 
product.  This  acid  may  indeed  be  regarded  as  a  product  of  the 
oxidation  of  violuric  acid  :  C4N3H305  =  C4N3H304  +  0  ;  and 
violantin  as  a  compound  of  the  two. 

Dibromobarbituric  Acid,  C,N9H2Br203,  is  produced,  together 
with  alloxan,  by  the  action  of  bromine  on  hydurilic  acid  : 

C8N4Hfl06  +  Br0  +  H20  =  C4N2H2Br203  +  C4N,H204  +  4HBr. 

It  crystallises  in  colourless,  shining  rhombic  plates,  '"'  prisms, 
soltible  in  water,  very  soluble  in  alcohol  and  ether.  By  hydrogen 
sulphide,  in  presence  of  water,  it  is  reduced  to  dialuric  acid  : 

C4N2H2Br203  +  II2S  +  Ha0  =  C4N2H404  +  2HBi  +  S. 

*  For  descriptions  of  these  several  products,  see  Watts's  Dictionary  of 
Chemistry. 
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With  a  small  quantity  of  hydriodic  acid  it  yields  kydurilic  acid  : 

2C4N2H2Br203  +  6HI  =  C8N4H606  +  4HBr  +  3I2 ; 

but  when  it  is  heated  with  excess  of  hydriodic  acid,,  the  reduction 
goes  a  step  further,  and  barbituric  acid,  C4N2H403,  is  produced  : 

C4N2H2Br203   +   4HI    =    C4N2H403   +   2HBr   +  2I2. 

Barbituric  acid  crystallises  in  beautiful  prisms,  containing 
two  molecules  of  water.  It  is  bibasic,  and  yields  chiefly  acid  salts, 
which  are  obtained  by  treating  the  corresponding  acetates  with 
barbituric  acid. 

Barbituric  acid  is  converted  by  fuming  nitric  acid  into  dilituric 
acid,  by  potassium  nitrate  into  potassium  violurate.  When  boiled 
with  potash  it  gives  off  ammonia,  and  yields  the  potassium-salt  of 
malonic  acid,  C3H404  (p.  723),  whence  it  appears  to  have  the 
constitution  of  malonyl  urea,  CN2H2(C3H909)'/0  =  C,H404  + 
CN2H40  -  2H20. 

Murexide,  C8N6H806  -f-  aq. ;  Prout's  Purf  urate,  of  A mmonia. 
— There  are  several  methods  of  preparing  this  beautiful  com- 
pound. The  best  is  that  of  Dr.  Gregory :  7  parts  of  alloxan  and 
4  par  ts  of  alloxan  tin  are  dissolved  in  240  parts  of  boiling  water, 
and  the  solution  is  added  to  about  80  parts  of  cold  strong  solution 
of  ammonium  carbonate :  the  liquid  instantly  acquires  such  a 
depth  of  colour  as  to  become  opaque,  and  gives  on  cooling  a  large 
quantity  of  murexide :  the  operation  succeeds  best  on  a  small 
scale.  Another  very  good  method  is  to  boil  for  a  few  minutes 
a  mixture  of  1  part  of  dry  uramile,  1  part  of  mercuric  oxide,  and 
40  parts  of  water  rendered  slightly  alkaline  by  ammonia  : 

.     2C4N3H503    +    0    =    H20    +  C8N6H806. 

Murexide*  crystallises  in  small  square  prisms,  which  by  reflected 
light  exhibit  a  splendid  green  metallic  lustre,  like  that  of  the  wing- 
cases  of  the  rose-beetle  and  other  insects :  by  transmitted  light 
they  are  deep  purple-red.  It  is  soluble  with  difficulty  in  cold 
water,  much  more  easily  at  the  boiling  heat,  insoluble  in  alcohol 
and  ether.  Mineral  acids  decompose  it,  with  separation  of  a  white 
or  yellowish  substance  called  murexan,  probably  identical  with 
uramile.  Caustic  potash  dissolves  it,  with  production  of  a  magni- 
ficent purple  colour,  which  disappears  on  boiling. 

A  few  years  ago  murexide  was  extensively  used  in  dyeing ;  it  is 
now  rapidly  being  superseded  by  rosaniline. 

A  series  of  substances  closely  related  to  the  derivatives  of  uric 
acid  are  noticed  under  the  head  of  Caffeine  (p.  904). 

*  So  called  from  the  Tyrian  dye,  said  to  have  been  prepared  from  a 
species  ol'  murex,  or  shell-fish. 
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The  organic  colouring  principles  are  substances  of  very  consider- 
able practical  importance  in  relation  to  the  arts ;  several  of  them, 
too,  have  been  made  the  subjects  of  extensive  and  successful 
chemical  investigation.  With  the  exception  of  one  red  dye,  cochi- 
neal, they  are  all  of  vegetable  origin.  Two  of  them,  namely,  indigo- 
blue  and  alizarin,  the  red  colouring  matter  of  madder,  have  been 
prepared  synthetically  from  bodies  belonging  to  the  aromatic  group, 
the  former  from  acetophenone,  the  latter  from  anthracene. 

The  art  of  dyeing  is  foimded  upon  an  affinity  or  attraction  exist- 
ing between  the  colouring  matter  of  the  dye  and  the  fibre  of  the 
fabric.  In  wool  and  silk  this  affinity  is  usually  very  considerable, 
and  to  such  tissues  a  permanent  stain  is  very  easily  communicated  ; 
but  with  cotton  and  flax  it  is  much  weaker.  Recourse  is  then  had 
to  a  third  substance,  which  does  possess  such  affinity  in  a  high 
degree,  and  with  this  the  cloth  is  impregnated.  Such  substances 
are  termed  mordants.  Alumina,  ferric  oxide,  and  stannic  oxide  are 
bodies  of  this  class. 

When  an  infusion  of  some  dye-wood,  as  logwood,  for  example, 
is  mixed  with  alum  and  a  little  alkali,  a  precipitate  falls,  consisting 
of  alumina  in  combination  with  colouring  matter,  called  a  lake; 
it  is  by  the  formation  of  this  insoluble  substance  within  the  fibre 
that  a  permanent  dyeing  of  the  cloth  is  effected.  Ferric  oxide 
usually  gives  rise  to  dull,  heavy  colours ;  alumina  and  stannic 
oxide,  especially  the  latter,  to  brilliant  ones.  It  is  easy  to  see 
that,  by  applying  the  mordant  partially  to  the  cloth,  by  a  wood- 
block or  otherwise,  a  pattern  may  be  produced,  as  the  colour  will 
be  removed  from  the  other  portions  by  washing. 

Indigo. — Indigo  is  the  most  important  member  of  the  group 
of  blue  colouring  matters.  It  is  the  product  of  several  species  of 
the  genus  Indigofera,  which  grow  principally  in  warm  climates. 
When  the  leaves  of  these  plants  are  placed  in  a  vessel  of  water 
and  allowed  to  ferment,  a  yellow  substance  is  dissolved  out,  whicb 
by  contact  of  air  becomes  deep  blue  and  insoluble,  and  finally 
precipitates.  This,  washed  and  carefully  dried,  constitutes  the 
indigo  of  commerce.  It  is  not  contained  ready  formed  in  the 
plant,  but  is  produced  by  the  oxidation  of  some  substance  there 
present.  Neither  is  the  fermentation  essential,  as  a  mere  infusion 
of  the  plant  in  hot  water  deposi Is  indigo  by  standing  in  the  air. 

The  occurrence  of  small  quantities  of  indigo  in  urine  had  been 
observed  by  Hassal  and  others:  it  was,  however,  generally  con- 
sidered as  a  morbid  secretion;  but  lately  Dr.  Schunck  has  proved 

that  liarrs  of  indigo  may  be  procured  from  healthy  urine.  The 

process  by  means  of  which  this  object  may  be  obtained  is  rather 
complicated  :  lor  a  description  of  it  and  for  a  full  account  of 
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his  researches  on  the  formation  of  indigo-blue,  which  would  over- 
step the  limits  of  this  elementary  work,  the  reader  is  referred  to 
Dr.  Schunck's  original  papers.* 

The  synthetical  formation  of  indigo  from  acetophenone  has  heen 
already  described  (p.  843). 

Indigo  comes  into  the  market  in  the  form  of  cubic  cakes,  which, 
when  rubbed  with  a  hard  body,  exhibit  a  copper-red  appearance : 
its  powder  has  deep-blue  tint.  The  best  indigo  is  so  light  as  to 
float  upon  water.  In  addition  to  the  blue  colouring  matter,  or 
true  indigo,  it  contains  at  least  half  its  weight  of  various  impurities, 
among  which  may  be  noticed  a  red  resinous  matter,  the  indigo-red 
of  Berzelius :  these  may  be  extracted  by  boiling  the  powdered 
indigo  in  dilute  acid,  in  alkali,  and  afterwards  in  alcohol. 

Pure  indigo  is  quite  insoluble  in  water,  alcohol,  oils,  dilute  acicls, 
and  alkalis;  it  dissolves  in  about  15  parts  of  concentrated  sul- 
phvuic  acid,  forming  a  deep-blue  pasty  mass,  entirely  soluble  in 
water,  and  often  used  in  dyeing :  this  is  sulphinchjlic  or  sulphindi- 
gotic  acid,  a  compound  analogous  to  ethyl-sulphuric  acid,  capable 
of  forming  with  alkaline  bases  blue  salts,  which,  though  easily 
soluble  in  pure  water,  are  insoluble  in  saline  solutions.  If  an 
insufficient  quantity  of  sulphuric  acid  has  been  employed,  or  the 
digestion  not  continued  long  enough,  a  purple  powder  is  left  on 
diluting  the  acid  mass,  soluble  in  a  large  quantity  of  pure  water. 
The  Nordhausen  acid  answers  far  better  for  dissolving  indigo  than 
ordinary  oil  of  vitriol. 

Indigo  may,  by  cautious  management,  be  volatilised :  it  forms 
a  fine  purple  vapour,  which  condenses  in  brilliant  copper-coloured 
-  needles.  The  best  method  of  subliming  this  substance  is  to 
mix  it  with  plaster  of  Paris,  make  the  whole  into  a  paste 
with  water,  and  spread  it  upon  an  iron  plate.  1  part  indigo 
and  2  parts  plaster  answer  very  well.  This,  when  quite  dry, 
is  heated  by  a  spirit-lamp :  the  volatilisation  of  the  indigo  is 
aided  by  the  vapour  of  water  disengaged  from  the  gypsum,  and 
the  surface  of  the  mass  becomes  covered  with  beautiful  crystals  of 
pure  indigo,  which  may  be  easily  removed  by  a  thin  spatula.  At 
a  higher  temperature,  charring  and  decomposition  take  place. 

In  contact  with  deoxidising  agents,  and  with  an  alkali,  indigo 
suffers  a  very  curious  change:  it  becomes  soluble  and  nearly 
colourless,  perhaps returning  to  the  same  state  in  which,  it  existed 
in  the  plant.  It  is  on  this  principle  that  the  dyer  prepares  his 
indigo-vat:  5  parts  of  powdered  indigo,  10  parts  of  green  vitriol, 
15  parts  of  slaked  lime,  and  60  parts  of  water,  are  agitated  together 
in  a  close  vessel,  and  then  left  to  stand.  The  ferrous  hydrate,  in 
conjunction  with  the  excess  of  lime,  reduces  the  indigo  to  the  soluble 
state ;  a  yellowish  liquid  is  produced,  from  which  acids  precipitate 

*  Memoirs  of  the  Literary  and  Philosophical  Society  of  Manchester,  vol. 
xii.  177 ;  xiv.  181,  239  ;  also  Philosophical  Magazine  [31  x.  73  :  \  v.  99 ; 
[4],  xv.  29,  117. 
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tin.'  white  or  hydrogenised  indigo  as  a  flocculent  insoluble  substance 
w  hich  absorbs  oxygen  with  the  greatest  avidity,  and  becomes  blue. 
Cloth,  steeped  in  the  alkaline  liquid,  and  then  exposed  to  the  air, 
acquires  a  deep  and  permanent  blue  tint  by  the  deposition  of 
solid  insoluble  indigo  in  the  substance  of  the  fibre.  Instead  of 
the  iron  salt  and  lime,  a  nuxture  of  dilute  caustic  soda  and  grape- 
sugar  dissolved  in  alcohol  may  be  used ;  the  sugar  becomes  oxi- 
dised to  formic  acid,  and  the  indigo  reduced.  On  allowing  a 
solution  of  this  description  to  remain  in  contact  with  the  air,  it 
absorbs  oxygen,  and  deposits  the  indigo  in  the  crystalline  state.' 

The  following  formulae  represent  the  composition  of  the  bodies 
j  ust  described : 

Blue  insoluble  indigo,  .  .  C16H10N,O2. 
White,  or  hydrogenised  indigo,  .  ClfiH12N202. 
Sulphindylic  acid,      .       .       .  C16H10N2O2.2SO3. 

The  constitutional  formulas  of  blue  and  white  indigo  are  as 
follows : 

N-C0H4-CO-CH         HN-CUH4— CO-CH 

II  II  I  II 

N-C6H4— CO-CH         HN— C0H4— CO— CH 

Blue  indigo.  White  indigo. 

That  of  blue  indigo  is  deduced  from  its  synthetical  formation  from 
acetophenone  (p.  843),  and  indicates  its  relation  to  the  bodies  of 
the  aromatic  group. 

Products  of  the  Decomposition  of  Indigo.— The  products 
of  the  destructive  modification  of  indigo  by  powerful  chemical 
agents  of  an  oxidising  nature  are  both  numerous  and  interesting, 
inasmuch  as  they  connect  this  substance  in  a  very  curious  manner 
with  several  other  groups  of  organic  bodies,  especially  with  those 
of  the  salicyl  and  phenyl  series.  Many  of  them  are  exceedingly 
beautiful,  and  possess  very  remarkable  properties. 

N — C(jH4 — CO — COH 
Isatin,  C10H10N2O4,  or  1 1  ||       .—  To  prepare 

N— C0H4— CO— COH 
this  substance,  which  contains  the  elements  of  indigo  with  2  atoms 
of  oxygen,  1  part  of  indigo  reduced  to  fine  powder  and  rubbed  to 
a  paste  with  water,  is  gently  heated  with  a  mixture  of  1  part  of 
sulphuric  acid  and  1  part  of  potassium  dichromate  dissolved  in  20 
or  30  parts  of  water.  The  indigo  dissolves,  with  very  slight  dis- 
engagement of  carbon  dioxide,  towards  the  end,  forming  a  yellow- 
brown  solution,  which,  on  standing,  deposits  impure  isatin  in 
crystals.  These  are  collected,  slightly  washed,  and  redissolved  in 
boiling  water:  the  Bltered  solution  on  cooling  deposits  the  isatin 
in  a  state  of  purity.  Or,  powdered  indigo  may  be  mixed  with 
watei  to  a  thin  paste,  heated  to  the  boiling  point  in  a  large  capsule, 
and  oitricacid  added  by  small  portions  until  the  blue  colour  dis- 
appears :  the  whole-  is  then  largely  diluted  with  boiling  water,  and 
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filtered.  The  impure  isatin  which  separates  on  cooling  is  washed 
with  water  containing  a  little  ammonia,  and  recrystallised.  Both 
these  processes  require  careful  management,  or  the  oxidising 
action  proceeds  too  far,  and  the  product  is  destroyed. 

Isatin  forms  deep  yellowish-red  prismatic  crystals  of  great 
beauty  and  lustre :  it  is  sparingly  soluble  in  cold  water,  freely  in 
boiling  water,  and  also  in  alcohol.  The  solution  colour's  the  skin 
yellow,  and  causes  it  to  emit  a  very  disagreeable  odour-.  Isatin 
cannot  be  sublimed. 

A  solution  of  potash  dissolves  isatin  with  purple  colour :  from 
this  solution  acids  precipitate  the  isatin  unchanged.  On  boiling, 
however,  the  colour  is  destroyed,  and  the  liquid  yields  on  evapora- 
tion crystals  of  the  potassium-salt  of  isatic  acid,  C1BH14N2O0.  In 
the  free  state  this  acid  is  a  white  and  imperfectly  crystalline 
powder,  soluble  in  water,  and  easily  decomposed  into  isatin  and 
water. 

By  chlorine  isatin  is  converted  into  chlorisatin,  C1BH8C12N204,  a 
body  closely  resembling  isatin  itself  in  properties.  If  an  alcoholic 
solution  and  excess  of  chlorine  be  employed,  other  products  make 
their  appearance,  as  perchloroquinone  or  chloranil,  C6C1402,  tri- 
chloroplienol,  C6H3C130,  and  a  resinous  substance.  The  former  of 
these  substances,  the  position  of  which  in  the  quinone  series  has 
been  already  noticed  (p.  802),  yields  further  products  with  potash 
and  ammonia.  Bromisatin  is  easily  formed.  The  change  which 
isatin  and  its  chlorinated  and  brominated  congeners  undergo  when 
submitted  to  the  action  of  melting  potassium  hydrate  has  been 
already  considered  in  the  section  on  the  Organic  Bases  (p.  883). 

Exposed  to  the  action  of  hydrogen  and  ammonium  sulphide, 
isatin  yields  several  new  compounds,  as  isathyde,  sulphisathydc,  &c 

A  hot  solution  of  isatin,  treated  with  ammonium  sulphide, 
deposits  sulphur,  and  yields  isathyde,  C16H12N204,  a  white  crystal- 
lised substance  which  bears  to  isatin  the  same  relation  as  white 
to  blue  indigo.  If  the  ammonium  sulphide  be  replaced  by  hydro- 
gen sulphide,  bisulphisathyde,  C16H12N202S2,  is  produced,  which 
is  derived  from  the  former  by  substitution  of  two  atoms  of  sulphur 
for  oxygen.  An  alcoholic  solution  of  potash  converts  this  last 
compound  into  sulphisathydc,  C1GH12N203S.  Under  the  influence 
of  cold  aqueous  solution  of  potash,  bisulphisathyde  yields  indin, 
C1(iH12NQ02,  which  is  isomeric  with  white  indigo.  When  treated 
with  boiling  potash,  indin  fixes  the  elements  of  two  molecules  of 
water,  and  becomes  indinic  acid,  C16H16N204,  the  potassium-salt 
of  which  forms  fine  black  needles.* 

*  Respecting  the  constitution  of  isatin  and  its  derivatives,  see  Baeyer, 
Ann.  Ch.  Pharm.  cxl.  295,  Supplement-baud  vii.  56 ;  Baeyer  and  Em- 
merling,  Zeitschrift  fur  Chemie  [2],  vi.  213;  Kekule,  ibid.  vi.  254; 
also  Watts's  Dictionary  of  Chemistry,  Supplement,  p.  734:  further, 
Emmerling  and  Engler,  Bevichte  d.  deutschen  chemischen  Gesellschaft, 
iii.  885;  Ann.  Chim.  Pkys.  [4],  xxv.  132. 
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Ammoniacal  gas  and  solution  of  ammonia  yield  with  isatin  a 
series  of  interesting  substances,  containing  the  nitrogen  of  the 
ammonia  in  addition  to  that  of  the  isatin. 

Action  oi  Chlorine  on  Indigo. — In  the  dry  state  chlorine 
has  no  action  whatever  on  indigo,  even  at  the  temperature  of  100°. 
In  contact  with  water,  the  blue  colour  is  instantly  destroyed,  and 
cannot  again  be  restored.  The  same  thing  happens  with  the  blue 
solution  of  sulphindylic  acid.  When  chlorine  is  passed  into  a 
mixture  of  powdered  indigo  and  water  until  the  colour  disappears, 
and  the  product  is  then  distilled  into  a  retort,  water  containing 
hydrochloric  acid  and  a  mixture  of  two  volatile  bodies,  trichloi> 
aniline,  C0H4C13N,  and  trichlorophenol,  C6H3C130,  passes  over  into 
the  receiver,  while  the  residue  in  the  retort  is  found  to  contain 
chlorisatin,  already  mentioned,  and  dichlorisatin,  C8H3C12N  02!  much 
resembling  the  former,  but  more  freely  soluble  in  alcohol.  Both 
these  bodies  yield  acids  in  contact  with  boiling  solution  of  potash, 
by  assimilating  the  elements  of  water. 

The  action  of  bromine  on  indigo  is  very  similar. 

Anilic  and  Picric  Acids. — Anilic  or  indigotic  acid  is  pre- 
pared by  adding  powdered  indigo  to  a  boiling  mixture  of  1  part 
of  nitric  acid  and  10  parts  of  water,  until  the  disengagement  of 
gas  ceases,  filtering  the  hot  dark-coloured  liquid,  and  allowing  it 
to  stand.  The  impure  anilic  acid  so  obtained  is  converted  into 
the  lead-salt,  which  is  purified  by  crystallisation  and  the  use  of 
animal  charcoal,  and  then  decomposed  by  sulphuric  acid.  Anilic 
acid  forms  fine  white  or  yellowish  needles,  which  have  a  feebly 
acid  taste,  and  a  very  sparing  degree  of  solubility  in  cold  water. 
In  hot  water  and  in  alcohol  it  dissolves  easily.  It  melts  when 
heated,  and  on  cooling  assumes  a  crystalline  structure.  By  careful 
management  it  may  be  sublimed  unchanged.  Anilic  acid  contains 
CyHjNOg  =  C7Hs(N02)03.  The  same  acid  is  readily  prepared 
h  orn  salicylic  acid  (p.  820).  Hence  it  is  more  appropriately  called 
nitrnsalicylic  acid. 

Picric,  carbaaotic,  or  ivitrophemsic  acid,  C((H3(NO.,)30,  alrea.lv 
described  among  the  derivatives  of  phenol  (p.  795)^  is  also  one 
ol  the  ultimate  products  of  the  action  of  nitric  acid  upon 
indigo. 

Products  of  the  Action  of  Potassium  Hydrate  upon 
Indigo.— One  of  the  most  remarkable  of  these,  aniline,  has  been 
already  described  (p.  880).  When  powdered  indi  go  is  I  mi  led  with 
a  very  concentrated  solution  of  caustic  potash,  it  is  gradually  dis- 
solved, with  the  exception  of  some  brownish  fiocculent  matter, 
and  the  Liquid  on  cooling  deposits  yellow  crystals  of  the  potassium- 
salt  oi  clvrysamUc  acid,  which  can  be  procured  in  a  purer  slate  by 
dissolving  the  crystals  in  water,  filtering  from  reproduced  indigo 
and  adding  a  slight  excess  of  mineral  acid.  Chrysanilic  acid  can 
be  obtained  in  indistinct  crystals  from  weak  alcohol  j  it  is  sup- 
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posed  to  contain  C28H22N40Q ;  but  it  is  very  probably  a  mixture 
of  several  substances,  especially  isatic  acid. 

When  this  substance  is  boiled  with  mineral  acids,  it  is  decom- 
posed into  anthranilic,  or  phenyl-carbamic  acid,  C7H7N02  (p.  924), 
which  remains  in  solution,  and  a  blue  insoluble  matter  resembling 
indigo :  a  similar  effect  is  slowly  produced  by  the  action  of  the 
air  upon  an  alcoholic  solution  of  chrysanilic  acid.  Anthranilic 
acid  is  colourless,  sparingly  soluble  in  cold  water,  easily  soluble 
in  alcohol.  It  melts  when  heated,  sublimes  under  favourable  cir- 
cumstances, but  decomposes  entirely  when  heated  in  a  narrow 
tube  into  carbon  dioxide  and  aniline.  By  treatment  with  nitrous 
acid,  it  is  converted  into  salicylic  acid. 

According  to  Cahours,  pure  indigo  can  also  be  converted  into 
salicylic  acid  by  fusion  with  potash :  a  particular  temperature  is 
required,  somewhat  above  299°,  and  the  operation  is  by  no  means 
always  successful. 

Colouring  Matters  of  Lichens. — Litmus  is  used  by  the. 
dyer  as  a  red  colouring  matter  ;  the  chemist  employs  it  in  the 
blue  state  as  a  test  for  the  presence  of  acid,  by  which  it  is 
instantly  reddened. 

In  preparing  test-papers  for  chemical  use  with  infusion  of  litmus, 
good  writing  or  drawing  paper,  free  from  alum  and  other  acid 
salts,  should  be  chosen.  Those  sheets  which  after  drying  exhibit 
red  spots,  or  patches,  may  be  reddened  completely  by  a  little  dilute 
acetic  acid,  and  used,  with  much  greater  advantage  than  turmeric 
paper,  to  discover  the  presence  of  free  alkali,  which  restores  the 
blue  colour. 

Many  lichens,  when  exposed  in  a  moistened  state  to  the  action 
of  ammonia,  yield  purple  or  blue  colouring  principles,  which,  like 
indigo,  do  not  pre-exist  in  the  plant  itself.  Thus,  the  Roccella 
tinctoria,  the  Variolaria  orcina,  the  Lecanora  tartarea,  &c,  when 
ground  to  paste  with  water,  mixed  with  putrid  mine  or  solution 
of  ammonium  carbonate,  and  left  for  some  time  freely  exposed  to 
the  air,  furnish  the  archil,  litmus,  and  cudbear  of  commerce,  very 
similar  substances,  differing  chiefly  in  the  details  of  the  prepara- 
tion. From  these  the  colouring  matter  is  easily  extracted  by 
water  or  very  dilute  solution  of  ammonia. 

The  lichens  have  been  extensively  examined  by  Schunck,  Sten- 
house,  and  several  other  chemists.  The  whole  subject  has  been 
lately  revised  by  Strecker,  whose  formulas  have  been  adopted  in 
the  following  succinct  account : 

Erythric  Acid. — The  lichen.  Roccella  tinctoria,  from  which  the 
finest  kind  of  archil  is  prepared,  is  boiled  with  milk  of  lime  ;  the 
filtered  solution  is  precipitated  by  hydrochloric  acid,  and  the  pre- 
cipitate dried  and  dissolved  in  warm,  not  boiling  alcohol,  from 
which  on  cooling,  crystals  of  erythric  acid  are  deposited.  This  is 
a  very  feeble  acid,  colourless,  inodorous,  difficultly  soluble  in  cold 


COLOURING  MATTERS  OF  LICHENS.  947 

and  even  in  boiling  water,  readily  soluble  in  etber.  Its  solution, 
when  mixed  with  chloride  of  lime,  assumes  a  blood-red  colour.' 
Boiled  with  water  for  some  time,  erythric  acid  absorbs  one  mole- 
cule and  yields  picro-erythrin,  a  crystallisable,  bitter  principle,  and 
orsellinic  avid.  If  the  ebullition  be  continued,  the  orsellinic  acid 
undergoes  a  further  change,  being  converted  into  orcin  (p.  805). 

Picro-erythrin,  boiled  with  baryta-water,  is  decomposed  into 
orcin,  erythrite  (p.  628),  and  carbon  dioxide. 

The  composition  of  these  various  substances  is  expressed  by  the 
following  formula! : 

Erythric  acid,    ....  O,0H2,010, 

Orsellinic  acid,  ....  C8H804, 

Picro-erythrin,  ....  C19H10O7, 

Orcin,   C7H802. 

And  the  successive  changes  which  occur  by  ebullition  are  repre- 
sented by  the  following  equations : 

W,o    +    H20    =    CsHs04    +  C12H1607 

Erythric  acid  Orsellinic  acid.  Picro-erythrin. 

C8H804    =    C7H802    +  C02. 

Orsellinic  acid.  Orcin. 

C12HlflO-    +    H20    =    C7H802   +    C4H10O4    +  C02. 

Picro-erythrin.  Orcin.  Erythro- 

mannite. 

Lecanoric  or  Alpha-orsellic  Acid  is  obtained  from  the  South 
American  variety  of  Boccella  tinctoria.  The  preparation  and  the 
properties  of  this  substance  are  perfectly  analogous  to  those  of 
erythric  acid.  It  contains  C10HHO7,  and  likewise  yields  orsellinic 
acid  by  boiling  with  baryta-water : 

CioH1407     +     H20     =  2C8H804 

Lecanoric  acid.  Orsellinic  acid. 

If  the  ebullition  be  too  long  continued,  a  great  portion  of  the 
orsellinic  acid  is  converted  into  orcin. 

Orsellinic  Acid,  whether  prepared  from  erythric  or  lecanoric 
and,  forms  crystals  which  are  far  more  soluble  in  water  than 
either  of  the  acids  from  which  it  has  been  prepared.  Its  taste  is 
somewhat  bitter.  Boiled  with  water  it  yields  orcin;  under  the 
influence  of  air  and  ammonia,  it  assumes  a  beautiful  purple 
colour. 

If  the  lichens,  instead  of  being  treated  with  milk  of  lime,  are 
exhausted  with  boiling  alcohol,  the  erythric  and  lecanoric  acids 
are  likewise  decomposed  ;  but  instead  of  orsellinic  acid,  the  ethylic 
ether  oi  this  substance,  C8H7(C2Hf))0., ,  is  formed.  This  ether 
was  formerly  described  under  the  name pseudo-erytlvrm,  until  Dr. 
Schunck  pointed  out  its  true  nature.    Ethyl  orsellinate  may  be 
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likewise  produced  by  boiling  pure  orsellinic  acid  with  alcohol.  It 
crystallises  in  colourless  lustrous  plates,  which  are  readily  soluble 
in  boiling  water,  alcohol,  and  ether. 

Beta-orsellic  Acid  is  found  in  Eoccella  tinctoria  grown  at  the 
Cape ;  it  is  obtained  like  erythric  and  alpha-orsellic  acid,  which  it 
resembles  in  properties.  Beta-orsellic  acid  contains  C34H32015 :  by 
boiling  with  water,  it  likewise  yields  orsellinic  acid,  together  with 
hair-like  crystals  of  a  silvery  lustre,  of  a  substance  called  roccellirdn, 
which  has  the  composition  C18H1607 : 

C34H32015     =     2C8H804     +  C1SH160- 

Beta-orsellic  acid.  Orsellinic  acid.  Roccellinin. 

The  decomposition  of  beta-orsellic  acid  is  obviously  analogous 
to  that  of  erythric  acid,  the  roccellinin  representing  the  picro- 
erythria. 

Evemic  Acid  is  extracted  by  milk  of  lime  from  Evernia 
pnmastri,  which  was  formerly  believed  to  contain  lecanoric  acid. 
Evernic  acid  is  very  difficultly  soluble  even  in  boiling  water ;  it 
assumes  a  yellow  colour  with  chloride  of  lime.  When  boiled  with 
an  alkali,  it  yields  another  crystalline  acid,  everninic  acid,  differing 
from  the  preceding  by  its  free  solubility  in  boiling  water.  The 
composition  of  evernic  acid  is  represented  by  the  formula  017IL6O7, 
that  of  everninic  acid  by  C9H10O4.  Evernic  acid,  when  boiled  for 
a  considerable  time  with  baryta,  yields  orcin :  everninic  acid  does 
not  give  a  trace  of  this  substance.  It  is  therefore  probable  that 
evernic  acid,  under  the  influence  of  alkalis,  yields,  in  addition  to 
everninic  acid,  likewise  orsellinic  acid,  from  which  the  orcin  is 
derived,  and  that  this  decomposition  is  represented  by  the  equa- 
tion : 

Cl7H10O7    +    H20    =    C8H804    +  C9H10O4 

Evemic  acid.  Orsellinic  acid.      Everninic  acid. 

Parellic  Acid. — Lecanora  parella  contains  an  acid  probably 
analogous  to  erythric,  alpha-orsellic,  beta-orselbc,  and  evernic 
acids,  the  composition  of  which  is,  however,  still  unknown.  By 
boiling  with  baryta  it  yields  orsellinic  acid  and  parclUc  acid, 
C9H0O4. 

Orcin,  CfHs02,  is  the  general  product  of  decomposition  of  the 
acids  previously  described,  under  the  influence  of  heat  or  alkaline 
earths.  It  is  a  diatomic  phenol,  and  has  already  been  described 
under  that  head  (p.  805).  In  contact  with  ammonia  and  oxygen 
it  is  converted  into  a  deep-red  colouring  matter  called  orcein. 
CrH7N03. 

Other  substances  are  occasionally  present  in  lichens  :  thus 
the  Usnea  barbata  and  several  other  lichens  contain  usnic  acid, 
a  substance  crystallising  from  alcohol  in  fine  yellowish -white 
needles  with  metallic  lustre,  having  the  formula  C19Hl807.  It 
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gives  no  orcin  by  distillation,  but  a  substance  similar  to  it 
which  probably  contains  CsH10O.„  and  has  been  designated  by  the 
name  oi  beta-orcin.  Parmelia  pcvrietina  yields  also  another  new 
substance,  namely,  chrysopha/inc  acid,  which  crystallises  in  fine 
golden-yellow  scales,  containing  C10H8CX.  It  is  a  very  stable  sub- 
stance, and  may  be  sublimed  without  much  decomposition.  The 
same  body  is  present  in  rhubarb,  together  with  modm,  a  principle 
closely  resembling  chrysophanic  acid. 

Cochineal.— This  is  a  little  insect,  the  Coccus  Cacti,  which 
lives  on  several  species  of  cactus,  found  in  warm  climates,  and  cul- 
tivated for  the  purpose,  as  in  Central  America.    The  dried  body 
of  the  insect  yields  to  water  and  alcohol  a  magnificent  red  colour- 
ing matter,  precipitable  by  ahvmina  and  oxide  of  tin :  carmine  is  a 
preparation  of  this  kind.    In  cochineal  the  colouring  matter  is 
associated  with  several  inorganic  salts,  especially  phosphates  and 
nitrogenous  substances.    Dr.  Warren  De  La  Rue,  who  has  pub- 
lished a  very  elaborate  investigation  of  cochineal  *  has  separated 
the  pure  colouring  matter,  which  he  calls  carminic  acid,  by  the 
following  process :— The  aqueous  decoction  of  the  insect  is  preci- 
pitated by  lead  acetate,  and  the  impure  lead  carminate  washed  and 
decomposed  by  hydrogen  Bulphide;  the  colouring  matter  thus 
separated  is  again  submitted  to  the  same  treatment.    A  solution 
of  carminic  acid  is  thus  obtained,  which  is  evaporated  to  dryness, 
redissolved  m  absolute  alcohol,  digested  with  crude  lead  car- 
minate, whereby  a  small  quantity  of  phosphoric  acid  is  separated, 
and  lastly,  mixed  with  ether,  which  separates  a  trace  of  a  nitro- 
genous substance.    The  residue  now  obtained  on  evaporation  is 
pure  carminic  acid.    It  is  a  purple-brown  mass,  yielding  a  fine  red 
powder^ soluble  in  water  and  alcohol  in  all  proportions,  slightly 
soluble  m  ether.    It  is  soluble  without  decomposition  in  concen- 
trated sulphuric  acid,  but  readily  attacked  by  chlorine,  bromine, 
and  iodine,  which  change  its  colour  to  yellow.    It  resists  a  tem- 
perature ol  136°,  but  is  charred  when  heated  more  strongly  Car- 
minic acid  is  a.  feeble  acid.    The  composition  of  the  substance, 
dried  at  120  ,  is  represented  by  014H14O8,  which  formula  is  corro- 
borated by  the  analysis  of  a  copper  compound,  2C14H1408.CuO. 

By  tin-  action  of  nitric  acid  upon  carminic  acid,  there  is  formed, 
together  with  oxalic  acid,  a  splendid  nitrogenetted  acid,  called 
mtrococcusic  and,  crystallising  i„  yellow  rhombic  plates.  This 
acid  is  In  basic:  it  contains  ( <sH.N.,0„  or  C8H,(N0,),O3 .  It  is 
soluble  in  col. I,  more  so  i.„  boiling  water,  and  readily  soluble 

alcohol  and  ether.    Like  all  nitro-derivatives,  it  explodes  when 

heated. 

The  mother-liquoi  from  which  the  carminic  acid  has  been 
separated,  contains  tyrosine,  C0HuNO3,  a.  crystalline  body  pro- 

*  Memoirs  of  the  Chemical  Society,  vol.  iii.  p.  454. 
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duced  by  the  decomposition  of  albuminous  and  gelatinous  sub- 
stances (pp.  955,  970). 

On  heating  a  solution  of  carmine  in  strong  sulphuric  acid  to 
140°-150°,  and  then  pouring  it  into  cold  water,  a  brown  pre- 
cipitate is  formed,  consisting  essentially  of  ricfiococcin,  C10H12O8, 
which  appears  to  be  a  derivative  of  dimethyl-anthracene  having  the 
composition  C14H2(CH3)2(OH)4(02)''.  It  is  insoluble  in  water,  but 
dissolves  in  alcohol  with  fine  yellow  fluorescence.* 

Madder. — The  root  of  the  Ruhia  tinctorum,  cultivated  in 
southern  France,  the  Levant,  &c,  is  the  most  permanent  and 
valuable  of  the  red  dye-stuffs.  In  addition  to  several  yellow  colour- 
ing matters,  which  are  of  little  importance  for  the  purposes  of  the 
dyer,  madder  contains  two  red  pigments,  which  are  called  alizarin 
and  purpurin.  These  substances  have  been  the  subject  of  very 
extensive  researches  by  Debus,  Higgins,  Schunck,  Wolff,  Strecher, 
Graebe,  Liebermann,  and  Perkin. 

Alizarin,  C14Hs04. — The  aqueous  decoction  of  madder  is  pre- 
cipitated by  sulphuric  acid,  and  the  precipitate  washed  and  boiled 
with  aluminum  chloride,  which  dissolves  the  red  pigments,  an 
insoluble  brownish  residue  remaining  behind.  The  solution,  when 
mixed  with  hydrochloric  acid,  yields  a  precipitate  consisting 
chiefly  of  alizarin — still,  however,  contaminated  with  piu-purin. 
The  impure  alizarin  thus  obtained  may  be  further  purified  by 
again  throwing  down  the  alcoholic  solution  with  aluminum 
hydrate,  and  boiling  the  precipitate  with  a  concentrated  solution 
of  soda,  which  leaves  a  pure  compound  of  alumina  and  alizarin 
behind.  From  this  the  alizarin  is  separated  by  hydrochloric  acid 
and  recrystallised  from  alcohol.  Pure  alizarin  crystallises  in 
splendid  red  prisms,  which  may  be  sublimed.  It  is  but  slightly 
soluble  in  water  and  in  alcohol,  but  dissolves  in  concentrated 
sulphuric  acid  with  a  deep  red  colour.  On  addition  of  water,  the 
colouring  matter  is  reprecipitated  unchanged.  It  is  also  soluble 
in  alkaline  liquids,  to  which  it  imparts  a  magnificent  purple 
colour.    It  is  insoluble  in  cold  solution  of  alum. 

Alizarin  is  the  chief  colouring  matter  of  madder  :  it  is  a 
feeble  acid ;  a  few  of  its  compounds  with  mineral  oxides 
have  been  prepared.  The  action  of  nitric  acid  upon  alizarin 
gives  rise  to  the  formation  of  oxalic  acid  and  phthalie  acid 
(p.  825) : 

CuH804    +    2H20    +    O10    =    3C2H204    +  C8H0O4 

Alizarin.  Phthalie  acid. 

Alizarin,  heated  with  zinc-dust  (a.  mixture  of  metallic  zinc, 
oxide,  and  hydrate)  is  converted  into  anthracene: 

*  Liebermann  and  Van  Dorp,  Journal  of  the  Chemical  Society  [2], 
ix.  912  ;  x.  706.  , 

■< 


ALIZARIN  PURPURIN.  951 

CuHs04  +  Zn,  +  Ha0  =  6ZnO  +  CMH10. 

On  the  other  hand,  as  already  explained  (p.  777),  alizarin  may  he 
prepared  from  anthracene  hy  oxidising  the  anthracene  to  anthra- 
quinone,  CuHs(02)",  converting  the  latter  into  dibromanthra- 
quinone,  and  heating  this  compound  with  caustic  potash  or  soda. 
The  two  atoms  of  bromine  are  then  replaced  by  an  equivalent 
quantity  of  hydroxyl,  and  alizarin  is  produced  : 

C14H,.Br2(02)"  +  2KOH   =  2KBr  +  C14Hc(OH)2(02)"  . 

Dibromanthra-  Alizarin, 
quinone. 

This  process,  discovered  by  Graebe  and  Liebermann,  yields 
alizarin  identical  in  every  respect  with  that  obtained  from  madder ; 
but  to  carry  it  out  on  the  manufacturing  scale,  it  was  necessary  to 
find  some  reagent  less  costly  than  bromine  for  effecting  the  con- 
version of  the  antbraquinone.  This  great  improvement  has  been 
made  by  Mr.  Perkin,  who  has  shown  that  anthraquinone,  heated 
with  sulphuric  acid,  is  converted  into  disulphanthraquinonic 
acid: 

CuH802    +    2S03    =  C14H6jWH)). 

and  that  this  acid,  heated  with  potash  to  a  temperature  above 
180°,  becomes  coloured,  and  is  converted  into  potassium  sulphite 
and  the  potassium-compound  of  alizarin  : 


(SO. -Ff),,  +  6K0H  =  2K2S03  +  4H20  +  C14HG  j  gjf^ 

which,  when  treated  with  hydrochloric  acid,  yields  alizarin. 

Pcrpurix,  C14H805.— Madder  is  allowed  to  ferment  and  then 
boiled  witli  a  strong  solution  of  alum.  The  solution,  when 
mixed  with  sulphuric  acid,  yields  a  red  precipitate,  which  is 
purified  by  recrystallisation  from  alcohol.  Purpurin  thus  ob- 
tained crystallises  in  red  needles.  When  treated  with  nitric 
acid,  purpurin,  like  alizarin,  furnishes  oxalic  and  phthalic  acids. 
Pivrpurin  likewise  contributes  to  the  tinctorial  properties  of  madder, 
Inn  less  so  than  alizarin.  Together  with  alizarin  and  purpurin, 
several  other  substances  occur  in  madder,  among  which  maybe 
noticed  an  orange  pigment,  rubiacm,  convertible  by  oxidising 
agents  into  a  peculiar  acid,  rubiacio  acid,  a  yellow  pigment,  xmthin, 
a  bitter  principle,  rubian,  sugar,  pec  tic  acid,  and  several  resins,  &c, 

Garancim  is  a.  colouring  material,  which  is  produced  by  the  ad  ion 
of  sulphuric  acid  upon  madder.  Tin's  substance  possesses  a  higher 
tinctorial  power  than  madder  itself. 

The  beautiful  TwJcey-red  of  cotton  cloth  is  a.  madder  colour:  it 
is  given  by  a  very  complicated  process,  l he  theory  of  which  is  not 
yel  perfectly  elucidated. 
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Saffl  ower. — The  flowers  of  Carthamus  tinctorius  contain  a 
yellow  and  a  red  colouring  matter,  the  latter,  which  is  alone  usei  I 
in  dyeing,  being  insoluble  in  water,  but  soluble  in  alkaline  liquids. 
To  extract  the  yellow  substance,  the  flowers  are  exhausted  with 
water  acidulated  with  acetic  acid,  and  the  solution  is  mixed  with 
lead  acetate,  and  filtered  from  the  dark-coloured  impure  precipitate. 
The  lead-compound  of  the  yellow  pigment  may  then  be  thrown 
down  by  addition  of  ammonia  and  decomposed  by  svdphuric 
acid.  In  its  purest  form  the  yellow  pigment  constitutes  a  deep 
yellow,  uncrystallisable,  and  very  soluble  substance,  very  prone 
to  oxidation.  In  its  lead-compound  it  has  probably  the  com- 
position C24H24013 . 

The  portion  of  the  carthamus  insoluble  in  water  is  pressed  and 
dried,  and  sent  into  the  market  as  safflower,  S})anish  red,  or  Clvi/na 
cake.  To  extract  the  red  matter,  or  carthamin,  the  safflower  is 
treated  with  a  dilute  solution  of  sodium  carbonate,  pieces  of  cotton- 
wool are  immersed  in  the  liquid,  and  acetic  acid  is  gradually 
added.  The  dried  cotton  is  then  digested  in  a  fresh  quantity  of 
the  alkaline  solution,  and  the  liquid  supersaturated  with  citric 
acid,  which  throws  down  the  carthamin  in  carmine-red  flocks. 
It  forms,  when  pure  and  dry,  an  amorphous,  brilliant,  green 
powder,  nearly  insoluble  in  water,  but  soluble  in  alcohol  with 
splendid  purple  colour.    It  contains  C14H10O7 . 

Brazil-wood  and  Logwood  give  red  and  purple  infusions,  which 
are  largely  used  in  dyeing :  the  colouring  principle  of  logwood  is 
termed  hematoxylin,  and  has  been  obtained  in  crystals,  containing 
C16H140,. .  Acids  brighten  these  colours,  and  alkalis  render  them 
purple  or  blue. 

Among  yellow  dyes,  quercitron  bark,fustic-iuood,  and  saffron  may 
be  mentioned,  also  turmeric:  these  all  give  yellow  infusions  to 
water,  and  furnish  more  or  less  permanent  colours. 

Purree,  or  Indian  yellow,  a  body  of  unknown  origin,  im- 
ported from  India  and  China,  and  affording  a  fine,  rich  durable 
yellow  colour,  much  used  both  in  oil  and  water-colour  paint- 
ing, is,  according  to  the  researches  of  Stenhouse  and  Erdmann, 
a  compound  of  magnesia  with  a  substance  termed  purreic  or 
euxayitliic  acid.  The  latter,  when  pxu-e,  ciystallises  in  nearly 
colourless  needles,  sparingly  soluble  in  cold  water,  and  of 
sweetish  bitter  taste.  It  forms  yellow  compounds  with  the 
alkalis  and  earths,  and  is  decomposed  by  heat,  with  produc- 
tion of  a  neutral  crystalline  sublimate,  purrenonc  or  cux- 
anthone.  Purreic  acid  contains  C21H:sOn,  purrenone  C20H12Oc. 
By  the  action  of  chlorine,  bromine,  and  nitric  acid,  a  series  of 
substitution  products  are  formed. 

Frangulin,  C(!Hc03,  from  Iihamnus  frangula,  has  been  already 
mentioned  as  a  fcriatomic  phenol  (p.  809). 
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Morindin,  O.,sIl30O1;-,  is  a  yellow  crystalline  colouring  matter, 
occurring  in  the  root  of  Morinda  citrifolia,  called  Soranjee  in  the 
East  Indies.  When  heated  it  is  converted  into  a  beautiful 
crystalline  body,  morindone,  containing  CuH10O5. 

Aloes. — Certain  of  the  products  of  the  action ,  of  nitric  acid 
upon  aloes  very  much  resemble  some  of  the  derivatives  of  indigo, 
without,  however,  it  seems,  being  identical  with  them.  Powdered 
aloes,  heated  for  a  considerable  time  with  excess  of  moderately 
strong  nitric  acid,  yields  a  deep  red  solution,  which,  on  cooling, 
deposits  a  yellow  crystalline  mass.  This,  purified  by  suitable 
means,  constitutes  ckrysarwrrdc  acid:  it  crystallises  in  golden- 
yellow  scales,  which  have  a  bitter  taste,  and  are  but  sparingly 
soluble  in  water.  Its  potassium-salt  has  a  carmine-red  tint,  and 
exhibits  a  green  metallic  lustre,  like  that  of  murexide.  The 
formula  of  chrysamniic  acid  is  not  perfectly  established.  Ac- 
cording to  Sfenhouse  and  Miiller,*  it  is  probably  C-H2N206 
or  C7H,(N02)202 .  Graebe  and  Liebermann,t  on  the  other 
hand,  regard  chrysamniic  acid  as  tetranitro-diomjanthraquinone, 
CY,!!,!^,  =  C14H2(N02)4(OH)2(0.2)".  Like  picric  acid,  it  yields 
cMoropicrin  when  treated  with  chloride  of  lime.  The  mother- 
liquor,  from  which  the  chrysammic  acid  has  been  deposited,  con- 
tains a  second  acid,  the  chrysolcpic,  which  also  forms  golden-yellow, 
sparingly  soluble,  scaly  crystals.  The  potassium-salt  forms  small 
yellow  prisms,  of  httle  solubility.  It  explodes  by  heat.  Chry- 
solepic acid  is  perhaps  identical  with  picric  acid. 

To  these  may  be  added  the  styphnic,  or  oxypicric  acid,  pro- 
duced by  the  action  of  nitric  acid  of  sp.  gr.  1*2  upon  assafcetida 
and  several  other  gum  resins  and  extracts.  Brazil-wood  and 
purree,  when  treated  with  excess  of  nitric  acid,  likewise  yield 
styphnic  acid.  It  crystallises,  when  pure,  in  slender,  yellowish- 
white  prisms,  sparingly  soluble  in  water,  readily  dissolved  in 
alcohol  and  ether.  It  has  a  purely  astringent  taste,  and  stains 
the  skin  yellow.  By  a  gentle  heat  it  melts,  and  on  cooling 
Incomes  crystalline  ;  suddenly  and  strongly  heated  it  burns 
Like  gunpowder.  It  also  yields  chloropicrin.  The  salts  of. 
this  substance  mostly  crystallise  in  orange-yellow  needles,  and 
explode  with  great,  violence  by  heat.  Styphnic  acid  contains 
I  !6H3N308,  i.e.,  picric  acid  -f-  1  atom  of  oxygen. 

♦  Journal  of  the  Chemical  Society  [2],  iv.  310. 
t  Zeitschrift  fiii-  Chemie  [2],  iv.  503. 
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ANIMAL  CHEMISTRY. 

Animal  Chemistry,  for  the  purpose  of  clearness,  may  be  divided 
into  the  chemistry  of  separate  substances  entering  into  the  com- 
position of  the  fluids  and  solids  of  animals,  the  chemistry  of  the 
complex  animal  fluids  and  textures,  and  the  chemistry  of  the  pro- 
cesses which  take  place  in  the  animal  body.  This  classification 
has  a  great  many  advantages,  and  in  the  following  brief  abstract 
the  subject  will  be  considered  under  these  different  heads. 

Many  substances  which  enter  into  the  composition  of  the  animal 
body  have  been  described  in  the  previous  parts  of  this  work— for 
example,  water,  carbonic  acid,  and  calcium  phosphate  in  the 
inorganic  part ;  urea,  formic,  uric,  and  hippuric  acids  in  the 
organic  part'. 

Although  animal  chemistry  has  hitherto  occupied  the  attention 
of  nearly  every  great  chemist,  yet  comparatively  much  remains  to 
be  done  and  to  be  undone.  For  example,  the  very  different  sub- 
stances which  are  included  under  the  term  proteids  can  scarcely 
yet  be  arranged  according  to  their  percentage-composition,  much 
less  be  represented  truly  by  any  formulae.  The  chemical  com- 
position of  the  different  organs  and  textures  of  the  body,  of  the 
brain  or  blood,  for  instance,  or  even  of  the  bones,  is  differently 
given,  according  as  this  or  that  method  of  analysis  is  followed. 
The  same  may  be  said  of  the  secretions  and  excretions ;  and  these 
vary  so  much  at  different  times,  in  different  persons,  and  in  dif- 
ferent classes  of  animals,  that  no  single  standard  of  comparison  can 
be  adopted ;  but  the  highest  and  lowest  limits  of  composition  for 
health  and  disease  must  be  regarded,  and  not  the  mean  of  a  num- 
ber of  analyses. 

A  still  more  difficult  problem  is  presented  to  the  chemist  in  the 
investigation  of  the  processes  which  take  place  in  the  bodies  of 
animals  and  vegetables.  The  solution  of  the  food  by  the  action  of 
alkalis,  acids,  and  ferments ;  the  nutrition  of  the  organs  by  the 
blood ;  the  production  of  animal  heat  by  the  action  of  inspired 
oxygen;  and  the  removal  from  the  body  of  the  substances  that 
have  been  used  or  are  useless  or  injurious; — these  are  questions 
which  in  future  years  will  form  the  chief  subjects  of  investigation 
in  animal  chemistry,  whilst  in  vegetable  chemistry  the  influence 
of  sunlight  in  promoting  the  formation  of  the  innumerable  com- 
pounds of  carbon  will  have  to  be  determined. 
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ON  SEPARATE  SUBSTANCES  ENTERING  INTO  THE 
COMPOSITION  OF  THE  FLUIDS  AND  SOLIDS  OF 
ANIMALS. 


ALBUMINOUS  PRINCIPLES.  — ALBUMINOIDS  OR  PROTE1DS. 

Although,  in  the  present  state  of  our  knowledge,  no  chemical 
distinction  exists  between  vegetable  and  animal  substances,  and 
although  many  mineral  substances  always  exist  in  the  fluids  and 
solids  of  animals  and  vegetables,  yet  there  is  a  class  of  substances 
which  formerly  were  considered  as  exclusively  animal,  and  of 
these  we  know  so  little  that  it  is  most  convenient  still  to  keep 
them  distinct  from  other  organic  substances.  They  form  the  chief 
part  of  the  solid  constituents  of  the  blood,  muscles,  nerves,  glands, 
and  other  organs  of  animals,  and  they  occur  in  small  quantities  in 
almost  every  part  of  vegetables.  Their  molecular  weight  and  con- 
stitution are  still  unknown,  and  only  slight  differences  exist  in  their 
percentage  composition ;  thus  : 

Carbon,   527  to  54-5 

Hydrogen,        ....  6*9  „  7-3 

Nitrogen,   15-4  „  16-5 

Oxygen,   20-9  „  23"5 

Sulphur,   0-8  „  1-6 

These  are  the  substances  called  albuminous  principles,  albu- 
minoids, or  proteids.  They  are  amorphous,  more  or  less 
soluble  in  water,  soluble  in  excess  of  acetic  acid,  more  soluble  in 
alkalis,  almost  insoluble  in  alcohol,  and  quite  so  in  ether.  Strong 
mineral  acids  dissolve  all  albuminous  substances.  The  hydro- 
chloric acid  solution  is  first  blue,  then  violet,  then  brown.  The 
nitric  acid  solution  is  yellow,  and  gives  rise  to  xanthoproteic  acid, 
which  dissolves  in  alkalis  and  ammonia  with  orange-red  colour. 
( laustic  alkalis  decompose  albuminous  substances  according  to  the 
temperature,  giving  rise  to  leucine,  tyrosine,  oxalic  acid,  carbonic 
arid,  and  ammonia. 

Proteids  are  precipitated  from  solutions :  1.  By  excess  of  mineral 
acids.  2.  By  potassium  terrocyanide  with  acetic  acid  or  a  little 
hydrochloric  acid.  3.  By  acetic  acid,  with  a  considerable  quantity 
of  concentrated  solutions  of  neutral  salts  of  alkalis  and  alkaline 
earths,  gum  arabic,  or  dextrin.  4.  When  boiled  with  Millon's 
reagent  (mercuric  nitrate),*  they  all  give  a  deposit  which  turns 

•  Prepared  by  gently  warming  mercury  with  an  equal  quantity  of  strong 
nitric  acid  till  it  is  dissolved,  then  diluting  the  liquid  with  twice  its  bulk 
of  water,  and  leaving  the  precipitate  to  settle.  The  clear  supernatant 
liquid  Is  M  il lon'.s  reagent. 
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red  after  a  while,  the  supernatant  liquor  also  becoming  red.— When 
examined  for  circular  polarisation,  they  rotate  the  light  more  or 
less  to  the  left. 

Proteids  may  be  conveniently  divided  into  the  following 
classes  :* 

Class  T.  Albumins. — Soluble  in  water. 

1.  Serum  Albumin  is  the  most  ahundant  albuminous  sub- 
stance in  animal  bodies.  It  can  be  obtained  tolerably  pure  from 
blood-serum  by  precipitation  with  lead-acetate,  washing  with 
water,  suspending  the  precipitated  lead-compound  in  water,  and 
decomposing  it  with  carbonic  acid  ;  then,  by  filtration,  a  very 
cloudy  solution  of  albumin  is  obtained. 

Serum  albumin  forms  a  yellow,  elastic,  transparent  substance, 
which  when  perfectly  dry  can  be  heated  to  100°  without  change. 
It  is  soluble  in  water  and  precipitable  by  alcohol ;  long  continued 
action  of  alcohol  changes  it  into  coagulated  albumin.  Its  specific 
rotation  is  - 56°  for  yellow  light.  It  is  not  precipitated  by  car- 
bonic, acetic,  tartaric,  or  phosphoric  acid,  or  by  other  mineral  acids, 
when  very  dilute  and  added  in  small  quantity;  large  quantities 
of  acid  precipitate  it  immediately ;  nitric  acid  acts  most  strongly. 
The  precipitate  with  strong  hydrochloric  acid  dissolves  in  an  excess 
of  acid ;  and  on  adding  water  to  this  solution,  a  precipitate  forms, 
which,  after  filtration  and  squeezing,  dissolves  in  water,  and  has 
all  the  reactions  of  hydrochloride  of  syntonin  ;  caustic  potash  and 
soda-solution  change  the  serum-albumin  into  compounds  of  albu- 
min with  the  alkali. 

Blood-serum  heated  below  72°  or  73°  coagulates  into  a  compact 
mass.  The  fluid  begins  to  be  cloudy  at  60°.  Coagulation  occurs 
at  a  lower  temperature  when  very  dilute  phosphoric  or  acetic  acid 
is  added,  or  neutral  salts  in  small  quantity,  and  at  a  higher  tem- 
perature with  a  very  little  sodium  carbonate. 

Serum  albumin  is  precipitated  from  its  solutions  by  most  of 
the  salts  of  the  heavy  metals.  When  agitated  with  ether  it  does 
not  coagulate. 

2.  Egg  Albumin  differs  from  serum  albumin  by  gradually 
giving  a  precipitate  when  agitated  with  ether  ;  oil  of  turpentine 
also  coagulates  this  land  of  albumin.  Serum  albumin  dissolves 
easily  m  strong  nitric  acid,  whilst  egg  albumin  scarcely  dissolves 
at  all.  When  a  solution  of  egg  albumin  is  injected  into  the  veins 
or  under  the  skin  of  dogs  or  rabbits,  the  egg  albumin  passes  un- 
changed into  the  urine,  whilst  serum  albiunin,  injected  in  the 
same  way,  does  not  pass  into  the  urine  at  all. 

The  specific  relation  of  egg  albumin  is  -35-5°  for  yellow  light 
When  white  of  egg  is  thinly  spread  upon  a  plate 'and  exposed 
to  evaporation  in  a  warm  place,  it  dries  up  to  a  pale-yellow,  bril- 
liant, gum-like  substance  destitute  of  all  traces  of  crystalline  struc- 

*  Hoppe-seyler.    Handbuch  der  physiologiseh-chemischen  Analyse. 
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fciire.  In  this  stale  it  may  be  preserved  unchanged  for  any  length 
of  time,  the  presence  of  water  being  in  all  cases  necessary  to  putre- 
factive decomposition.  The  watery  solutions  of  egg  albumin  and 
serum  albumin  coagulate  at  the  same  temperature  under  similar 
circumstances.  The  existence  of  unoxidised  sulphur  in  albumin 
is  easily  shown ;  a  boiled  egg  blackens  a  silver  spoon,  from  a  trace 
of  alkaline  sulphide  formed  or  separated  during  the  coagulation  ; 
and  a  solution  of  albumin  in  excess  of  caustic  potash  mixed  with 
a  little  acetate  of  lead,  gives,  on  boiling,  a  black  precipitate  con- 
taming  sulphide  of  lead. 

Class  II.  Globulins.— Insoluble  in  water,  soluble  in  very 
dilute  acids  and  alkalis,  soluble  in  dilute  (1  per  cent.)  solutions  of 
sodium  chloride  and  other  neutral  salts. 

1.  Myosin.— This  substance  was  first  separated  by  Kiihne  from 
other  albuminous  matters  occurring  in  the  protoplasma  or  con- 
tractile muscular  substance  that  causes  the  rigor  mortis.  To  pre- 
pare it,  well  cut-up  flesh  is  carefully  washed  with  water,  and  the 
mass  is  then  placed  in  a  mixture  of  one  volume  of  concentrated 
solution  of  common  salt  to  two  volumes  of  water  ;  these  are  con- 
tinually rubbed  together  and  filtered  through  linen  ;  the  slirny 
filtrate  is  allowed  to  drop  into  a  large  cpiantity  of  distilled  water 
The  myosin  is  re-dissolved  in  solution  of  sodium  chloride  and 
re-precipitated  by  much  water.  It  is  insoluble  in  water,  soluble 
m  solution  of  common  salt  under  10°,  soluble  in  very  dilute 
hydrochloric  acid,  but  in  this  solution  it  passes  by  degrees  into 
acid  albumin  or  syntonin  ;  in  ddute  alkali,  myosin,  Tike  other 
albummous  matter,  is  soluble,  being  changed  into  albuminate 
By  heat  it  is  changed  into  coagulated  albumin.  It  is  also  coagu- 
lated by  alcohol.  6 

2.  Globulin  (Paraglobulin,  Paraglobin).—When  fresh  blood- 
serum  is  diluted  tenfold  with  water,  and  a  brisk  stream  of  carbonic 
acid  pissed  through  it,  a  fine  granular  precipitate  is  formed,  which 
may  he  separated  by  decantation  and  filtration,  and  washed  with 
water.  The  same  substance  may  be  prepared  by  saturating  blood- 
serum  with  sodium  chloride  (or  magnesium  sulphate,  &c.),  as  in 
the  case  of  myosin.  A  certain  amount  of  the  salt  always  clings 
t>>  the  precipitate.  ° 

Globulin  is  exceedingly  soluble  in  dilute  saline  solutions  (From 
which  it  may  be  precipitated  unchanged  by  carbonic  arid  gas  or 
exceedmdy  dilute  acids?.  It  is  insoluble  in  water,  but  dissolves 
when  the  water  is  saturated  with  oxygen,  and  may  be  precipi- 
tated by  carbonic  acid. 

.Jn  excessively  dilute  alkalis  globulin  dissolves  without  alter- 
ation; msolukona  containing  aboul  l  per  cent,  of  the  alkali,  it 
dissolves  as  albuminate.  By  dilute  acids,  however  feeble,  it  is 
changed  in  solution  into  acid-albumin.  Suspended  in  water  ami 
heated  in  ,<»',  it  enters  into  the  insoluble  or  coagulated  state. 
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Globulin  ia  present,  not  only  in  serum  of  blood,  but  also  in 
aqueous  humour,  in  the  juice  of  the  cornea,  connective  tissue,  &c. 
Derived,  from  the  first  of  these  sources,  globulin  is  fibrino- 
plastic,  i.e.,  it  has  the  power  of  acting  in  concert  with  certain 
fluids  (fibrinogenous)  in  such  a  manner  as  to  give  rise  to  fibrin 
(p.  960).  The  crystalline  lens  contains  a  substance  which  is 
not  fibrinoplastic,  but  in  many  other  respects  closely  resembles 
the  globulin  just  described.  According  to  Hoppe-Seyler,  its  solu- 
tions in  neutral  salines  are  not  precipitated  on  saturation,  in  which 
respect  they  resemble  those  of  vitellin.  It  has  been  proposed  to 
restrict  the  name  globulin  to  the  less  coagulable  substance  just 
mentioned,  and  to  call  the  fibrino-plastic  variety  obtained  from 
blood-serum,  paraglobulin  or  paraglobin.* 

3.  Fibrinogen. — When  hydrocele  fluid,  pericardial  fluid,  or 
any  other  fluid  capable  of  giving  a  clot  with  blood-serum  or  para- 
globulin, is  treated  by  the  method  adopted  for  globulin,  a  similar 
substance  is  produced  which  resembles  globulin  in  every  respect 
except  that  the  carbonic  acid  precipitate  is  more  difficult  to  ob- 
tain and  more  flaky,  and  that  the  substance  is  more  readily  thrown 
down  from  the  liquids  in  which  it  is  formed,  by  a  mixture  of  alcohol 
and  ether  ;  also  by  the  fact  that  it  is  fibrinogenous,  i.e.,  produces 
fibrin  when  mixed  with  fibrinoplastic  globulin. 

4.  Vitellin. — If  the  yolk  of  hen's  egg  be  treated  with  ether, 
most  of  the  fatty  and  colouring  matters  contained  in  it  are  dis- 
solved, and  there  remains  a  white  granular  body  which  is  insoluble 
in  water,  but  readily  soluble  in  neutral  saline  solutions.  It  is  so 
much  more  soluble  in  these  solutions  than  myosin  that  it  niters 
easily,  and  is  not  precipitated  by  saturation  with  the  salt.  Otherwise 
it  has  the  characters  of  myosin,  but  is  probably  a  more  complex 
substance.  It  is  neither  fibrinoplastic  nor  fibrinogenous.  By  the 
action  of  dilute  acids  or  alkalis,  like  the  other  members  of  this 
class,  it  is  immediately  converted  on  solution  into  a  body  belong- 
ing to  the  next  Class  (III). 

Class  III.  Derived  Albumins. — Insoluble  in  water,  and  in 
solutions  of  sodium  chloride ;  soluble  in  dilute  acids  and  alkalis. 

1.  Acid-albumin. — If  a  small  quantity  of  dilute  acid  (hydro- 
chloric or  acetic)  be  added  to  serum-  or  egg-albumin,  no  precipi- 
tation or  coagulation  takes  place,  and  on  gradually  raising  the 
temperature  of  the  mixture  to  70°,  it  will  be  found  that  coagula- 
tion at  that  or  at  a  higher  temperature  has  been  entirety  prevented. 
At  the  same  time  the  influence  of  the  fluid  on  polarised  light  has 
been  altered.    The  rotation  to  the  left  has  become  increased  to  72°. 

On  carefully  neutralising  the  cooled  mixture,  the  whole  of  the 
proteid  matter  is  thrown  down  as  a  white,  flocculenl;,  frequently 
gelatinous  precipitate.  The  action  of  the  acid  has  converted  the 
albumin  soluble  in  water  into  a  substance  insoluble  in  wat  er.  The 
♦  Kuhne.    Lehrbuch  der  physiologisclien  Chemie. 
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precipitate  is  very  readily  soluble  in  excess  of  the  alkali  used  for 
neutralisation,  may  be  reprecipitated  by  again  neutralising  with 
an  acid,  again  redissolved  by  excess,  and  so  on.  It  is  also  soluble 
in  dilute  solutions  of  alkaline  carbonates.  It  is  insoluble  in 
sodium  chloride  solution,  and  may  be  precipitated  from  its  solu- 
tions by  the  addition  of  that  salt.  Suspended  in  water  and  beated 
to  70°,  it  enters  into  tbe  coagulated  or  insoluble  condition. 

All  the  globulins  of  Class  II.  are  readily  soluble  in  dilute  acids  • 
but  by  the  act  of  solution  they  are  at  once  converted  into  acid- 
albunnn,  the  precipitate  formed  by  neutrabsation  bein^  no  lono-er 
soluble  m  neutral  saline  solutions.  Thus  the  myosin  of  thoroughly 
washed  muscle  may  be  at  once  extracted  by  very  dilute  hydro 
chloric  acid  (1  pt.  HC1  in  1000  pts.  of  water),  in  the  form  of  acid- 
albumin  long  known  as  syntonin.  No  characters  are  at  present 
known  by  which  syntonin  or  acid-albuniin  derived  from  muscle 
can  be  distinguished  from  other  forms  of  acid-albumin. 

Like  the  globiilins,  acid-albumin  changes  rapidly  in  character 
when  left  exposed  to  ordinary  temperature.  It  becomes  less  and 
less  soluble  in  dilute  acids,  requiring  for  solution  a  stronger  acid 
or  an  increase  of  temperature.  ° 

2.  Alkali-Albumin,  or  Albuminate.  Casein.— When  albu 
mmous  substances,  egg-  or  serum-albumin,  for  example  are 
treated  with  dilute  caustic  alkali  instead  of  acid,  coagulation  by 
heat  is  similarly  prevented,  and  the  whole  of  the  proteid  may  in 
like  manner  be  thrown  down  on  neutralisation.  Some  of  the 
bodies  thus  produced  agree  well  together,  and  cannot  be  distin- 
guished from  the  casein  of  milk,  although  most  probably  casein  is 
not  identical  with  artificial  albuminate,  and  the  bodies  wbich  are 
produced  by  the  action  of  potash  on  different  albuminous  sub- 
stances may  differ  slightly  one  from  the  other,  as  is  evident  in  the 
difference  oi  their  rotatory  action  on  polarised  b>ht 

Casein  occurs  most  plentifully  in  the  milk  of  animal  feeders  In 
the  fluids  oi  the  textures  it  has  certainly  not  been  found.  In  the 
blood  it  is  entirely  absent,  and  it  is  rarely  present  in  the  fluid  of 
cysts.  It  is  best  obtained  from  milk  by  precipitating  with  crys- 
talline magnesium  sulphate,  filtering  and  washing  wilh  a  concen- 

£f„n  !  A,?'  "t'l ^V^olving  the  precipitate  in  water; 
SKtKSa?^  *  ^        dear  l^ted  by 

For  preparing  potassium  albuminate  (also  called  protein),  any 
albuminoussubstancemaybeused.  Lieberkuhn  directs fegg  allminin 

o  be  stirred  with  an  equal  volume  of  wafer  and  filtered  ;  tie  filtrate 
to  be  reduced  to  one-half  in  shallow  vessels  at  40°,  and,  after  cool- 
ing, to  be  mixed  with  concentrated  potash  drop  by  .Iron  until  (he 
whok  substance  sets  to  a  strong  transparent  elly.  This  is  cut 
I "<•'•':*  01  ,lh."  «*  a  bean,  and  throw,,  into  mucb  distilled 
water  ;  after  being  stirred  (he  water  is  poured  off  from  the  albu- 
minate.   The  washing  is  repeated  as  long  as  any  alkaline  reaction 
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remains.  The  purified  albuminate  is  then  dissolved  in  boiling 
water  or  spirits  of  wine,  in  which  it  ought  to  give  a  clear  solution. 

An  albuminate  is  more  simply  obtained  by  shaking  milk  with 
caustic  soda  and  ether,  pouring  off  the  clear  alkaline  lower  layer 
of  liquid,  precipitating  it  with  acetic  acid,  and  washing  it  with  water. 

Dried  casein  and  albuminate  are  yellow,  transparent,  and 
hygroscopic,  swelling  up  in  water,  but  not  dissolving.  When 
precipitated  in  a  flocky  state,  they  dissolve  easdy  in  water  if  it 
contains  a  little  alkali.  The  precipitate  which  forms  on  neutralis- 
ing the  alkaline  solution,  dissolves  easily  in  an  excess  of  acetic 
acid  or  dilute  hydrochloric  acid.  On  the  addition  of  an  excess  of 
mineral  acid,  or  on  neutralisation  with  an  alkali,  these  solutions 
give  a  precipitate. 

The  neutral  or  feebly  alkaline  albuminate,  and  casein  in  alkaline 
solution,  are  precipitated  in  the  cold  by  alcohol :  when  hot  thejr 
are  dissolved.  Albuminates  are  precipitated  by  copper  sulphate, 
silver  nitrate,  and  barium  chloride.  Lieberkuhn  gives  as  their 
formula  C72H112Il2N18Q23S,  where  R  denotes  an  atom  of  univalent 
metal.  According  to  him,  potassium  albuminate  has  the  same 
composition.  Meissner  says  that  by  boiling  casein  continuously, 
lactic  acid  and  creatine  are  formed. 

By  fusion  with  potassium  hydrate,  casein  yields  valeric  and 
butyric  acids,  besides  other  products. 

The  most  striking  property  of  casein  is  its  coagulability  by 
certain  animal  membranes.  This  is  well  seen,  in  the  process  of 
cheesemaking,  in  preparing  the  curd.  A  piece  of  the  stomach  of 
the  calf,  with  its  mucous  membrane,  is  slightly  washed,  put  into  a 
large  quantity  of  milk,  and  the  whole  slowly  heated  to  about  53°. 
In  a  short  time  after  this  temperature  has  been  attained,  the  milk 
is  observed  to  separate  into  a  solid,  white  coagulum,  or  mass  of 
curd,  and  a  yellowish,  translucent  liquid  called  wlmij.  The  curd 
contains  all  the  casein  of  the  milk,  much  of  the  fat,  and  much  of 
the  inorganic  matter  :  the  whey  retains  the  milk-sugar  and  tin- 
soluble  salts.  It  is  just  possible  that  this  mysterious  change  may 
be  really  clue  to  the  formation  of  a  little  lactic  acid  from  the  milk- 
sugar,  under  the  joint  influence  of  a  slowly  decomposing  membrane 
and  the  elevated  temperature,  and  that  this  acid  may  be  sufficient 
in  quantity  to  withdraw  the  alkali  which  holds  the  casein  in  solu- 
tion, and  thus  occasion  its  precipitation  in  the  insoluble  state. 
The  loss  of  weight  the  membrane  itself  suffers  in  this  operation  is 
very  small  :  it  has  been  found  not  to  exceed  r^nr  part- 
Casein  differs  greatly  from  albumin  in  the  quantity  of  am- 
monia which  it  yields  when  oxidised  with  an  alkaline  solution 
of  potassium  permanganate,  casein  yielding  only  6"5  p.  c,  ammonia, 
whereas  albumin  yields  10  p.  c  * 

Class  IV. — Fibrin. — Insoluble  in  water;  sparingly  soluble  in 
dilute  acids  and  alkalis,  and  in  neutral  saline  solutions. 

*  Wiinklyn,  Chom.  Soc.  J.  [2],  ix.  837. 


FIBRIN — COAGULATED  PROTEID.  9(31 

This  ia  the  substance  to  which  the  clotting  of  blood  is  due  It 
may  be  obtained  by  washing  blood-clots,  or  more  readily  by'stir- 

:™g,w;ith;bu?e  of  <™giu™d  j'ust  shed-     it  hM  W  time 

to  clot.    The  fibrin,  which  adheres  in  layers  to  the  twigs  may 
then  be  stripped  oft  and  washed  till  perfectly  white.    The  forma- 
tion ot  fibrin  is  due  to  the  contact  of  fibrino-plaslic  and  fibrogenous 
substance.    When  these  two  substances  come  into  contact  in  any 
fluid,  they  combine,  quickly  or  slowly,  according  to  the  greater  or 
lesser  quantity  ot  each  substance  in  the  fluid,  to  form  fibrin 
the  fluid  coagulates  either  to  a  mass  of  jelly,  or,  when  very  little 
is  present,  the  fibrin  forms  in  separate  flocks.    The  coagulation 
takes  place  more  quickly  at  a  high  temperature,  more  slowly  at  a 
low  temperature.    The  temperature  of  the  blood  appears  pecu- 
liarly adapted  for  quick  coagulation,  whereas  at  0°  C  it  is  ex 
remely  slow.    In  the  living  vessels  the  blood  coagulates  slowly 
by  contact  with  foreign  bodies  coagidation  occurs  quickly.  Car- 
bonic acid  protracts  or  prevents  coagulation;  passing  air  through 
the  liquid  or  any  other  mode  of  agitation,  hastens  it    Free  acids 
or  example  acetic,  lactic,  phosphoric,  and  also  free  alkalis  and 
their  carbonates,  stop  coagidation. 

Fibrin  differs  from  all  other  solid  proteids  in  having  a  filament- 
ous structure,  and  in  possessing  remarkable  elasticity.  It  is 
insoluble  in  water  at  ordinary  temperatures,  passing  into  solution 
only  at  very  high  temperatures,  or  after  very  great  'length  of  time, 
and  then  becoming  totally  changed  in  its  characters. 

Treated  with  dilute  hydrochloric  acid,  it  swells  up  into  a  rc- 

mhSatif  tflran«Parent  ma»s'  Y  resumes  its  natural  appearance 
when  the  fluid  is  neutralised.  At  ordinary  temperatures  the 
florin  may  remain  subject  to  the  action  of  the  acid  for  days  with- 
out sensibly  passing  into  solution.  At  50°  to  60°  it  gradually 
dissolves,  acid-albumin  being  formed.  &  'Y 

in  fhi1^6  a^ali?1it \BweV?  UP  t0  a  less  extent,  and  is  more  soluble 
in  these  than  in  dilute  acids. 

_  In  neutral  saline  solutions  (sodium  chloride  5-10  p  c  notas- 
smm  nitrate,  &c )  it  swells  up  to  a  viscid  mass,  and  ^afuaUy 
dissolves,  the  solutions  being  coagulated  by  heat,  the  produS 
being  apparently  a  body  of  the  globulin  class!  1 
Suspended  m  distilled  water  and  heated  to  70°,  it  shrinks 

flKSiSK  °W  and,)ows  its  eksti<%-  ^  solubilities  are 
then  identica  with  those  of  coagulated  albumin.  In  the  presence 
"I  an  and  tins  coagulation  takes  place  below  70°. 

Class  V.  Coagulated  Proteid.  —  Coagulated  albumin  is 
formed  from  albumin,  syntonin,  fibrin,  myosin.  &c,  by  heating 
their  n.utral  solutions  to  boiling,  or  by  the  action  ofalcoW  Egg 
albumin  is  also  changed  into  coagulated  albumin  by  strong  hydro- 
chloric acid  and  by  ether.  The  albuminates,  and  also  casein,  when 

lm';',!|ltnl:;.'  hy  nrat^aation,  pass  into  coagulated  i  min  when 

leaiecl.     1  he  coagulated  albuminous  substances  an.  insoluble  i„ 
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water,  alcohol,  and  other  indifferent  fluids,  scarcely  soluble  in 
dilute  potash,  soluble  with  great  difficulty  in  ammonia.  In  acetic 
acid  they  swell  up,  and  gradually  dissolve.  They  are  mostly 
insoluble  in  dilute  hydrochloric  acid;  but  when  pepsin  is  also 
present  at  blood  heat,  they  change  first  into  syntonin,  and  then 
into  peptone.  They  are  dissolved  by  strong  hydrochloric  acid, 
and  by  caustic  potash  they  are  changed  into  albuminates. 

Class  VI.  Amyloid  Substance  or  Lardacein. — In  certain 
diseases  there  is  deposited  in  the  liver  and  elsewhere  a  substance 
which,  from  its  elementary  composition,  and  from  the  nature  of 
the  products  of  its  decomposition,  appears  to  be  a  proteid,  and 
yet  possesses  certain  unusual  features.  According  to  C.  Schmidt, 
Friedreich,  and  Kekule,  it  is  composed  of  53'6  carbon,  710  hydro- 
gen, 15-0  nitrogen,  and  14*4  oxygen  and  sulphur.  It  differs 
from  coagulated  albumin  only  in  being  coloured  reddish  by 
iodine,  and  violet  by  sulphuric  acid  and  iodine.  It  gives  no 
trace  of  sugar  when  boiled  with  dilute  sulphuric  acid,  but  with 
caustic  potash  and  acid  it  behaves  exactly  like  an  albununous 
substance.  Concentrated  hydrochloric  acid  dissolves  it,  with 
formation  of  acid-albumin.  "When  it  is  dissolved  in  caustic 
potash,  a  potassium  albimiinate  is  obtained.  It  may  be  formed  at 
will  by  treating  fibrin  with  very  dilute  hydrochloric  acid,  and 
evaporating  the  solution  to  dryness  in  a  water-bath.  An  impure 
amyloid  substance  may  be  obtained  from  any  gland  much  infil- 
trated with  the  substance,  as,  for  example,  the  liver,  by  dividing 
it  and  removing  the  vessels,  and  extracting  the  bde  substances  with 
cold  water.  It  is  then  boiled  for  some  time  with  water  to  remove 
the  cellular  tissue,  and  the  residue  is  treated  with  boiling  alcohol 
and  ether  to  dissolve  the  fat  and  cholesterin.  The  residual  mass 
consists  chiefly  of  amyloid  substance  characterised  by  the  iodine 
reaction. 

Class  VII.  Peptones. — By  the  action  of  the  acid  gastric  juice, 
all  albummous  substances  are  changed  into  bodies  called  peptones. 
These  are  found  only  in  the  stomach  and  in  the  contents  of  the  small 
intestines.  They  can  no  longer  be  detected  in  the  chyle.  They 
are  highly  diffusible,  easdy  soluble  in  water,  insoluble  in  alcohol 
or  ether;  but  alcohol  separates  them  with  difficulty  from  the 
watery  solution ;  when  precipitated  they  remain  unchanged  even 
after  boding.  They  are  not  precipitated  either  by  acids  or  by 
alkalis.  Acetic  acid  and  potassium  ferrocyanide  give  no  precipi- 
tate ;  but  corrosive  sublimate  and  lead  acetate  with  ammonia  give 
precipitates. 

The  reactions  of  the  several  proteids  above  described  may  be 
tabulated  as  follows :— 
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Soluble  in  water : 
Aqueous  solutions  not  coagulated  by  boiling,  Peptones 
Aqueous  solutions  coagulated  by  boiling,      .  Albumins. 

Insoluble  in  -water : 

Soluble  in  a  1  p.  c.  solution  of  sodium  chloride,  Globulins 
Insoluble  :  „ 
Soluble  in  hydro  chloric  acid  (o'l  p.  c.)  in 
the  cold ; 

Soluble  in  hot  spirit,     ...         f  Alkali- 

{  albumin. 
Insoluble  in  hot  spirit,  ...         \  ^-CID- 
t  t     ii    .  I  albumin. 

Insoluble  in  hydrochloric  acid  (0-1  p  c  )  in 
the  cold:  ' 
Soluble  in  hydrochloric  acid  (0-1  p  c )  )  ^ 

at  60°,    .       .       .       .      .      .  I  Fibrin. 

Insoluble  in  hydrochloric  acid  (01  p.  c.j 
at  60° ;  insoluble  in  strong  acids  : 

Soluble  in  gastric  juice,     .       .        |  Coagulated 

t       ill-  .  '  {  ALBUMIN. 

Insoluble  m  gastric  juice,  .       .       .  Amyloid. 

Of  the  following  bodies  our  knowledge  is  too  incomplete  to 
permit  of  any  definite  statement : 

Mcta-peptone.  Dijspeptone.— Products  observed  by  Meissner  to 
occur  in  varying  quantities  in.  digestion  experiments.  The  para- 
petone  of  the  same  author  seems  to  be  nothing  more  than  acid- 
altramin. 

Metalbvmin.— Observed  by  Scherer  in  a  dropsical  fluid  Preci- 
pitated by  alcohol,  but  not  coagulated;  solution  hardly  coagulated 
by  boiling;  not  precipitated  by  acetic  or  hydrochloric  acid!  or  by 
acetic  acid  and  potassium  ferrocyanide 

Par albm^.-A  substance  obtained  by  Scherer  from  ovarian 
cysts.  the  alkaline  solutions  are  extremely  ropy.  It  differs 
Nifl  n^-fafts  in  flementary  composition  (C  51-8,  H  6-9, 

i    i  '7,.  V7h  aml  be8ldes  contains,  or  is  associated  with, 

a  body  resembling  glycogen,  and  capable  of  conversion  into  a 
BUbstance  with  many  of  the  reactions  of  sugar. 

Substances  related  to  the  Proteids. 

Hemoglobin,  54-2  oxygen,  7"2  hydrogen,  0'42  iron,  16-0  nitre- 
gen,  2]  5  oxygen,  and  0-7  sulphur;  also  called  HmrUtoglolulvn 
and  Hcmatocrystallm .-This  substance  Tonus  the  chief  part  of  the 
red  globules  oi  the  blood  of  -/ertebrata;  usually  ii  is  obtained  in 
amorphous  condition,  but  from  bhe  blood  of  some  animals— as 
lor  example,  dogs,  cats,  rats,  mice,  and  many  fish— it  can  be 
separated  in  the  crystalbne  lor,,,.    Red  crystals  can  be  obtained 
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from  dog's  blood  by  mixing  the  defibrinated  blood  with  an  equal 
quantity  of  water  and  adding  one  volume  of  alcohol  to  four 
volumes  of  the  diluted  blood,  and  leaving  it  to  stand  at  0°  C,  or 
lower.  After  twenty  -four  hours  the  crystals  are  filtered  off, 
squeezed,  and  dissolved  in  the  least  possible  quantity  of  water  at 
25°  to  30°  0.  This  solution  is  again  mixed  with  one-fourth  its 
volume  of  alcohol,  and  the  re-crystallisation  is  repeated  many 
times.  In  different  animals  differently  formed  crystals  are  found. 
In  the  guinea-pig  they  are  tetrahedrons ;  in  the  squirrel,  six-sided 
tables;  in  the  goose,  rhombic  four-sided  or  six-sided  tables;  in 
dogs  and  cats,  long  four-sided  prisms.  In  a  vacuum  over  sul- 
phuric acid  they  lose  water  of  crystallisation  and  change  into  a 
bright  brick-red  mass.  The  crystals  which  form  when  the  air  has 
access  to  them  also  contain  oxygen  loosely  combined ;  the  more 
moist  they  are  the  more  oxygen  they  contain.  This  they  lose 
when  warmed  in  a  vacuum ;  by  exposure  over  sulphuric  acid  a 
portion  of  the  oxygen  escapes.  The  crystals  dissolve  in  water  with 
difficulty  ;  the  saturated  solution  at  5°  contains  2  per  cent,  haemo- 
globin, but  by  increase  of  temperature  the  solubility  is  consider- 
ably increased.  In  feebly  alkaline  liquids,  as  in  blood-serum,  the 
crystals  are  much  more  soluble. 

These  solutions  have  a  very  beautiful  blood-red  colour,  and 
absorb  the  light  from  the  commencement  of  the  red  to  three- 
fourths  of  the  section  of  the  spectrum  between  the  lines  C  and  D 
in  the  solar  spectrum.  The  part  of  the  spectrum  lyiug  about  the 
line  D  of  this  space  between  C  and  D  is  much  more  strongly 
absorbed  than  the  rest.  If  the  oxygen  is  expelled  from  the  solu- 
tion by  carbonic  acid  or  hydrogen,  the  liquid  then  absorbs  the 
light  most  beyond  D ;  the  rest  of  the  light  is  more  strongly 
absorbed  than  it  is  by  the  haemoglobin  solution  which  contains 
oxygen ;  and  even  the  light  between  A  and  B  is  more  strongly 
absorbed  by  solutions  which  contain  no  oxygen  than  by  those 
which  contain  it.  The  change  of  colour  and  transparency  ol  the 
blood  aud  blood-solutions  when  they  pass  from  the  venous  con- 
dition into  one  containing  more  oxygen,  and  vice  versd,  depend, 
without  doubt,  on  these  optical  properties.  The  fresh  blood  taken 
from  a  vein  of  an  animal  shows  clearly  strong  absorption  of  light 
from  B  to  beyond  C  in  the  spectrum,  and  this  disappears  when 
the  blood  is  agitated  with  air. 

When  a  concentrated  solution  of  haemoglobin  is  diluted  with 
water,  it  rapidly  increases  in  transparency  up  to  the  line  D  ;  by 
further  dilution  the  spectrum  extends  beyond  F,  whilst  at  the 
same  time,  between  D  and  E  a  green-yellow  streak  appears.  The 
band  lying  nearest  to  D  is  darker  and  more  sharply  bounded  than 
the  other,  and  ultimately  disappears  by  continued  dilution  a  little 
later  than  the  other  band;  the  appearance  of  these  bands  M 
influenced  by  the  combination  of  oxygen  with  the  haemoglobin. 
For  if  a  tolerably  dilute  blood  solution  is  allowed  to  stand  some 
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time,  or  if  such  a  solution  is  warmed  in  a  water-bath  above  50°, 
or  it  to  a  blood  solution,  or  a  pure  solution  of  haemoglobin,  a  few 
drops  of  ammonium  sulphide,  or  of  an  ammomacaf  solution  of 
zinc  tartrate  be  added,  the  arterial  colour  of  the  solution  gradually 
vanishes,  and  by  examination  in  the  spectrum,  in  the  place 
hot  ween  these  two  bands,  there  is  seen  a  broader  ill-defined 
absorption-band,  about  in  the  middle  between  D  and  E  ;  at  the 
same  time  the  blue  shows  that  it  is  less  absorbed  than  by  blood 
containing  oxygen.  The  venous  blood  of  animals  does  not  show 
this  property  clearly  when  it  is  taken  from  the  animal ;  but  ani- 
mals that  have  died  asphyxiated  do  show  this  change  in  the  blood. 
If  a  solution  of  haemoglobin,  or  of  blood,  from  which  the  oxyo-en 
has  been  taken  away,  is  shaken  with  atmospheric  air,  the  two 
absorption-bands  of  the  haemoglobin  containing  oxygen  a^ain 
appear,  and  the  oxygen  must  be  chemicallv  combined  with&the 
haemoglobin,  for  it  is  not  removed  by  nitric  "oxide  gas. 

Pilute  solutions  of  haemoglobin  may  be  heated  to  70°  or  80°  C 
for  a  short  time  without  marked  change,  but  when  the  heat  is 
continued  the  haemoglobin  splits  into"  haematin  and  coagulated 
albumin,  with  marked  change  of  colour  and  coagulation.  Alcohol 
causes  the  same  decomposition.  Generally  no  substance  is  known 
which  can  precipitate  haemoglobin  without  at  the  same  time 
destroying  it ;  alkalis,  and  more  readily  acids,  cause  it  to  split 
without  first  precipitating  it;  this  occurs  the  more  readily  the 
more  concentrated  the  alkali  or  acid  is,  or  the  greater  the  quantity 
ot  it  used,  and  the  more  concentrated  the  solution  of  haemoglobin 
or  the  higher  the  temperature.  Haemoglobin,  in  a  dilute  solution 
at  ordinary  temperature,  is  not  decomposed  by  carbonated  alkalis. 
A  leebly  alkaline  solution  is  more  permanent  than  a  neutral  solu- 
tion; the  feeblest  acids,  even  carbonic  acid,  decompose  haemo- 
globin ;  hydrogen  sulphide  does  not  act  on  haemoglobin  when  it 
contains  no  oxygen,  but  on  oxyhaemoglobin  it  acts,  causing  the 
separation  of  sulphur  and  of  an  albuminous  substance.  Carbon 
monoxide  passed  into  a  solution  of  oxyhaemoglobin  drives  the 
oxygen  out,  and  forms  a  compound  of  carbon  monoxide  and  haemo- 
globin.   It  also  combines  with  haemoglobin  free  from  oxygen. 

Metahamoglobm,  so  named  by  Hoppe,  may  be  a  mixture  of 
haematin  and  an  easily  soluble  albuminous  matter.  It  has  been 
found  in  old  extravasations  of  blood,  in  the  brown  fluid  from  the 
ovaries, ,in  strumous  cysts,  hydrocele,  &c,  or  when  a  solution  of 
bajmoglobm  is  long  kept.  Even  when  a  solution  of  haemoglobin 
is  filtered,  that  which  is  sucked  up  by  the  edge  of  the  Idler  passes 
into  nielaliaeiiioglobin.  Ozone  has  the  same  action.  A  solution 
ot  metanamioglobin  has  a  manifestly  acid  reaction  arising  from 
volatile  acids  (butyric  mid  formic),  produced  by  changes  in  the 
bssmoglobrn.  The  optical  properties  of  metal  Hemoglobin  are 
similar  to  those  of  solutions  of  luematin  in  acids,  alcohol,  and 
ether. 
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Hasmatin,  C9(.H102N12Fe3O18,  occurs  iu  tlie  body  as  a  product 
of  the  decomposition  of  haemoglobin  in  old  extravasations;  after 
hamiorrhage  into  the  stomach  it  may  be  found  in  the  fajces.  It 
is  obtained  pure  by  dissolving  the  compound  with  hydrochloric 
acid  in  ammonia,  evaporating  to  dryness,  and  heating  the  residue 
to  130°  0.  The  ammonium  chloride  is  extracted  with  water,  and 
the  residue  dried  at  130°.  It  gives  12-8  per  cent,  of  iron  oxide  as 
a  residue  when  burnt,  and  is  insoluble  in  water,  alcohol,  ether, 
and  chloroform.  In  ammoniacal  solutions  it  is  soluble.  It  com- 
bines with  alkalis  and  acids  :  by  boiling  with  dilute  nitric  acid  it 
loses  its  colour,  and  is  decomposed.  Chlorine  passed  into  an  alka- 
line solution  decomposes  it  very  rapidly. 

Hcematin  Hydrochloride  or  Hcemin,  C96H102N12Fe3O18.2HCl, 
is  obtained  in  regular  crystals  by  treating  haemoglobin  or  meta- 
hsemoglobin  with  common  salt  and  strong  acetic  acid.  The  de- 
fibrinated  blood  of  some  animal  is  diluted  with  once  or  twice  its 
volume  of  water,  and  lead  acetate  is  added  as  long  as  a  precipitate 
falls.  The  blood  is  then  filtered,  and  the  excess  of  lead  removed 
from  the  filtrate  by  sodium  carbonate,  again  filtered,  and  the  clear 
solution  is  evaporated  over  sulphuric  acid.  The  residue  is 
powdered  and  rubbed  with  from  15  to  20  times  its  weight  of  com- 
mercial glacial  acetic  acid,  to  which  a  little  common  salt  is  added. 
The  brown  mixture  is  heated  in  a  water-bath,  and  frequently 
shaken  for  an  hour  or  two  until  all  is  dissolved.  About  five  times 
the  volume  of  pure  water  is  then  added,  and  it  is  left  to  stand  for 
a  week  in  an  even  temperature.  The  liquid  is  then  poured  off 
from  the  crystals ;  these  are  again  boiled  with  glacial  acetic  acid ; 
a  great  mass  of  water  is  then  added,  and  the  precipitate  is  allowed 
to  settle,  separated,  well  washed,  again  allowed  to  deposit,  and 
then  dried  in  a  water-bath.  The  crystals  are  mostly  thin  rhombic 
plates  of  dark-blue  colour,  and  dirty-brown  by  transmitted  light. 
From  the  name  of  their  discoverer  they  are  called  Teichmann's 
Hcemin  crystals.  They  are  perfectly  insoluble  in  water,  alcohol, 
and  ether.  They  are  soluble  in  acids  and  alkalis,  but  only  in 
acetic  and  hydrochloric  acids  without  decomposition.  They  may 
be  heated  to  130°  without  decomposition :  at  red  heat  they  do  not 
swell  up,  but  burn,  leaving  pure  oxide  of  iron. 

Mucin,  containing  52"2  carbon,  7'0  hydrogen,  12"6  nitrogen,  and 
28'2  oxygen,  usually  called  mucus,  may  be  prepared  from  filtered 
ox-gall  by  precipitating  it  with  alcohol,  washing  with  dilute  alco- 
hol, dissolving  in  Mater,  and  precipitating  by  acetic  acid.  It 
cannot  be  perfectly  purified  from  biliary  colouring  matter.  It 
may  be  obtained  more  pure  from  the  salivary  glands  by  solution 
in  water  and  precipitation  by  acetic  acid.  Mucin  swells  up  in 
water,  and  by  sufficient  dilution  it  can  be  filtered.  It  is  precipit- 
able  by  alcohol  in  excess;  also  by  acetic  acid,  and  is  not  soluble 
in  an  excess  of  the  precipitant;  also  by  nitric,  hydrochloric, 
and  sulphuric  acids,  in  an  excess  of  which  it  is  soluble.    It  is 
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not  precipitated  by  mercuric  chloride,  lead  acetate,  or  potassium 
ferrocyanide,  It  is  not  coagulable  by  boiling ;  when  thoroughly 
dried,  it  merely  swells  in  water  to  a  thick  mass.  " 

Pyin  is  said  often  to  occur  in  pus ;  but  normal  pus  contains 
neither  pyin  nor  mucin.  It  is  precipitahle  by  acetic  acid,  and  this 
precipitate  is  not  soluble  in  an  excess  of  acid,  whilst  the  precipi- 
tates with  nitric  and  hydrochloric  acids  are  so  ;  a  solution  of  pyin 
in  hydrochloric  acid  is  not  precipitahle  by  a  solution  of  potassium 
ferrocyanide.  It  is  distinguishable  from  mucin  only  by  beinf 
precipitahle  by  mercuric  chloride  and  lead  acetate.  The  preci- 
tate  which  forms  in  the  serum  of  healthy  pus  on  the  addition  of 
acetic  acid  is  soluble  in  a  solution  of  common  salt,  and  consists  of 
albumin. 

Pepsin  is  the  albuminous  constituent  of  the  gastric  juice,  which 
effects  the  conversion  of  albuminous  substances  into  peptones.  It 
has  not  yet  been  perfectly  isolated ;  it  resembles  mucin,  and  is 
precipitated  by  lead  acetate,  and  by  alcohol ;  according  to  Briicke's 
observation  it  is  also  carried  down  from  its  solution  when  any  fine 
granular  precipitate  is  produced.  Briicke's  method  has  also  been 
used  for  isolating  other  substances  resembling  pepsin.  For  this 
purpose  fresh-formed  calcium  phosphate  or  cho'lesterin  is  dissolved 
in  4  parts  alcohol  and  1  ether,  or  even  animal  charcoal  or  milk  of 
sulphur  may  be  used.  The  pepsin  may  thus  be  obtained  dissolved 
in  water,  and  the  solution,  when  mixed  with  very  dilute  hydro- 
chloric acid,  changes  albumin  into  peptone. 

Sugar-forming  Ferments  in  Saliva  and  Pancreatic  Fluid 

have  also  been  separated  by  addition  of  dilute  phosphoric  acid, 
and  subsequent  neutralisation  afterwards  by  lime-water  and  by 
ethereal  solutions  of  cholesterin.  They  can  be  dissolved  in  water, 
and  precipitated  by  absolute  alcohol.  They  can  be  dried  at  ordi- 
nary temperatures  without  decomposition.  If  heated  to  100°,  they 
lose  their  power  of  acting  upon  starch.  When  boiled  with  nitric 
acid,  and  mixed  with  an  excess  of  ammonia,  the  solution  remains 
colourless. 

Gelatin  and  Chondrin.  — Animal  membranes,  skin,  tendons, 
and  ewn  bones,  dissolve  in  water  at  a  high  temperature  more  or 
less  completely,  but  with  very  different  degrees  of  facility,  giving 
solutions  whirh  on  cooling  acquire  a  soft-solid,  tremulous  con- 
sistence. The  substance  so  produced  is  called  gelatin!  it  does  not 
pre-exist  m  the  animal  system,  but  is  generated  from  the  mem- 
branous tissue  by  the  action  of  hot  water.  The  jelly  of  calves' 
feet,  and  common  size  and  glue,  are  familiar  examples  of  gelatin 
J"  different  conditions  of  purity.  Isinglass,  the  dried  swimming- 
bladder  oi  the  sturgeon,  dissolves  in  water  merely  warm,  and 
>"'|,ls  a  beautifully  pure  gelatin.  In  this  stale  it  is  white  and 
opalescent,  or  translucent,  quite  insipid  and  inodorous,  insoluble 
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in  cold  water,  but  readily  dissolving  by  a  slight  elevation  of  tem- 
perature. Cut  into  slices  and  exposed  to  a  cm-rent  of  dry  air,  it 
shrinks  prodigiously  in  volume,  and  becomes  a  transparent,  glassy, 
brittle  mass,  which  is  soluble  in  warm  water,  but  insoluble  in 
alcohol  and  ether.  By  dry  distillation  a  watery  liquid  is  produced, 
containing  much  ammonium  carbonate,  and  a  thick  brown  oil, 
in  which,  besides  ammonium  carbonate,  ammonium  sulphide, 
ammonium  cyanide,  and  neutral  oily  bodies,  various  basic  sub- 
stances exist,  as  aniline,  picoline,  methylamine,  trimethylamine, 
butylamine,  and  probably  many  others.  In  the  dry  state  gelatin 
may  be  kept  indefinitely :  in  contact  with  water,  it  becomes  acid, 
loses  the  property  of  gelatinising,  and  putrefies.  Long-continued 
boiling  gradually  alters  it,  and  the  solution  loses  the  power  of 
forming  a  jelly  on  cooling.  1  part  of  dry  gelatin  or  isinglass 
dissolved  in  100  parts  of  water  solidifies  on  cooling. 

An  aqueous  solution  of  gelatin  is  precipitated  by  alcohol, 
which  withdraws  the  water :  corrosive  sublimate  in  excess  gives  a 
white  fiocculent  precipitate,  and  the  same  happens  with  solution 
of  mercurous  and  mercuric  nitrate :  neither  alum,  neutral  lead 
acetate,  nor  basic  lead  acetate  affects  a  solution  of  gelatin.  With 
tannic  acid  or  infusion  of  galls,  gelatin  gives  a  copious,  whitish, 
curdy  precipitate,  which  coheres  on  stirring  to  an  elastic  mass, 
quite  insoluble  in  water,  and  incapable  of  putrefaction. 

Tannic  acid  is  the  only  acid  that  gives  a  precipitate  with  a 
solution  of  gelatin.  It  does  so  even  when  the  solution  is  exceed- 
ingly dilute. 

Chlorine  passed  into  a  solution  of  gelatin  occasions  a  dense  white 
precipitate  of  chlorite  of  gelatin,  which  envelopes  each  gas-bubble, 
and  ultimately  forms  a  tough,  elastic,  pearly  mass,  somewhat 
resembling  fibrin.  Boiling  with  strong  alkalis  converts  gelatin, 
with  evolution  of  ammonia,  into  leucine  and  glycocine.  This 
last-mentioned  substance,  also  called  glycocol,  was  first  formed  by 
the  action  of  cold  concentrated  sulphuric  acid  upon  gelatin,  and 
has  lately  been  obtained  by  the  action  of  acids  upon  Mppuric  acid, 
which  is  thereby  resolved  into  benzoic  acid  and  glycocine  (see 
page  816). 

A  dilute  solution  of  gelatin,  distilled  with  a  mixture  of  potassium 
bichromate  and  sulphuric  acid,  yields  acetic,  valeric,  benzoic,  and 
hydrocyanic  acids,  together  with  valcronitrile,  or  butyl  cyanide, 
C6HgN,  anA  valeracetonitrile,  C20H48N4O„.  The  former  is  a  thin 
colourless  liquid,  of  aromatic  odour,  like  that  of  salicylol:  it 
is  lighter  than  water,  and  boils  at  125°.  The  latter  much  re- 
sembles the  first,  but  boils  at  70°.  Alkalis  convert  valeronitrile 
into  valeric  acid  and  ammonia,  and  valeracetonitrile  into  valeric 
acid,  acetic  acid,  and  ammonia.  Valeracetonitrile  contains  the 
elements  of  4  molecules  of  valeronitrile  and  3  molecules  of  acetic 

C2()H48N4O0    =    4C6H9N    +  3C2H402. 
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Dry  gelatin  contains  in  100  parts,  50-05  carbon,  6-47  hydrogen, 
18'35  nitrogen,  and  25-13  oxygen. 

The  cartilage  of  the  ribs  and  joints  yields  a  gelatin  differing  in 
some  respects  from  the  preceding:  it  is  called,  by  way  of  distinc- 
tion, chondrin,  It  is  less  soluble  in  boiling  water  than  gelatin. 
It  is  precipitated  from  its  solution  by  acetic  acid,  and  is  not  soluble 
in  an  excess  of  acid.  Other  acids  in  very  small  quantity  preci- 
pitate chondrin,  but  the  slightest  excess  redissolves  the  precipitate. 
Acetate  of  lead  and  solution  of  alum  also  precipitate  this  substance. 
These  reactions  distinguish  chondrin  from  gelatin.  Scherer 
gives,  as  the  elementary  composition  of  chondrin,  50-75  carbon, 
6-90  hydrogen,  14-70  nitrogen,  and  27"65  oxygen.  The  doubt- 
ful formulae  C16H20N4O7  and  C24H4(1NGOJ0 ,  have  been  assigned 
to  it. 

If  a  solution  of  gelatin,  albumin,  fibrin,  casein,  or  probably  any 
one  of  the  more  complex  azotised  animal  principles,  be  mixed  with 
solution  of  cupric  sulphate,  and  then  a  large  excess  of  caustic  pot- 
ash added,  the  greenish  precipitate  first  formed  is  redissolved,  and 
the  liquid  acquires  a  deep  and  beautiful  purple  tint. 

Gelatin  is  largely  employed  as  an  article  of  food,  as  in  soups,  &c. ; 
but  its  value  in  this  respect  has  been  perhaps  overrated.  In  the 
useful  arts  size  and  glue  are  consumed  in  great  quantities.  These 
are  prepared  from  the  clippings  of  hides,  and  other  similar  matters 
enclosed  in  a  net,  and  boiled  with  water  in  a  large  caldron.  The 
strained  solution  gelatinises  on  cooling,  and  constitutes  size.  Glue 
is  the  same  substance  in  a  state  of  desiccation,  the  size  being  cut 
into  slices  and  placed  upon  nettings  freely  exposed  to  a  current  of 
air.  Gelatin  is  extracted  from  bones  with  much  greater  difficulty  : 
the  best  method  of  proceeding  is  said  to  be  to  enclose  the  bones, 
previously  crushed  in  strong  metallic  cylinders,  and  admit  high- 
pressure  steam,  which  attacks  and  dissolves  the  animal  matter 
much  more  easily  than  boiling  water ;  or,  to  steep  the  bones  in 
dilute  hydrochloric  acid,  (hereby  removing  the  earthy  phosphate, 
and  then  dissolve  the  soil  and  flexible  residue  by  boiling. 

There  is  an  important  economical  application  of  gelatin,  or 
rather  of  the  material  which  produces  it,  which  deserves  notice 
—viz.,  to  the  clarifying  of  wines  and  beer  from  the  finely  divided 
and  suspended  matter  which  often  renders  these  liquids  muddy 
and.  unsightly.  When  isinglass  is  digested  in  very  dilute  cold 
acetic  acid,  as  sour  wine  and  beer,  it  softens,  swells,'  and  assumes 
the  aspect  of  a.  very  light  transparent  jelly,  which,  although  quite 
insoluble  in  the  cold,  may  be  readily  mixed  with  a  large  quantity 
oi  watery  liquid.  Such  a  preparation,  technically  called  fmings, 
is  sometimes  used  by  brewers  and  wine-merchants  for  the  purpose 
before  mentioned  :  its  action  mi  the  liquor  with  which  it  is  mixed 
seems  to  he  purely  mechanical,  the  gelatinous  mailer  slowly  sub- 
Biding  to  the  bottom  of  the  cask,  and  carrying  with  it  the  insoluble 
substance  to  which  the  turbidity  was  due. 
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Horny  Matter;  Elastin  (55-5  carbon,  7'4  hydrogen,  16-7 
nitrogen,  and  20-5  oxygen).— This  substance  is  prepared  by  boil- 
ing the  ligamentum  nuchce  of  cattle  with  alcohol,  ether,  water, 
concentrated  acetic  acid,  and  dilute  caustic  soda.  It  has  a  yellow 
colour  when  moist,  is  extensible,  but  becomes  brittle  after  drying. 
It  is  perfectly  insoluble  in  cold  or  boiling  water,  also  in  ammonia, 
acetic  acid,  or  alcohol.  In  a  concentrated  solution  of  potash  it  is 
dissolved,  and  at  the  same  time  decomposed.  The  solution  is  not 
precipitated  by  acids,  only  with  tannic  acid  the  neutral  solution 
gives  a  precipitate.  When  boiled  with  sulphuric  acid  it  is  decom- 
posed, with  formation  of  leucine. 

Keratin.— Hair,  nails,  horn,  feathers,  epidermis,  and  epithe- 
lium boiled  with  ether,  alcohol,  water,  and  dilute  acid,  yield 
residual  substances  which  do  not  agree  well  in  their  analysis,  and 
therefore  probably  are  not  rightly  classed  under  one  name.  These 
bodies  swell  but  little  in  water,  but  are  very  hygroscopic  when 
dry.  By  continual  boiling  in  water  at  150°  they  partially 
decompose.  A  milky  liquid  forms,  and  sulphuretted  hydrogen 
escapes.  _  If  the  solution  is  evaporated  to  dryness,  a  residue  in- 
soluble in  water  remains.  In  acetic  acid  these  substances  swell 
up  more  than  in  water,  without  materially  altering  in  texture  ;  in 
concentrated  acetic  acid  they  dissolve  at  the  boiling  heat ;  and 
when  boiled  with  sulphuric  acid,  they  give  leucine,  and  about 
4  per  cent,  of  tyrosine.  They  swell  up  in  caustic  potash,  and 
with  difficulty  in  a  solution  of  potassium  carbonate,  and  dis- 
solve when  heated.  The  alkaline  solutions  evolve  sulphuretted 
hydrogen  on  addition  of  acids. 

Fibroin,  48-6  carbon,  6"5  hydrogen,  17"3  nitrogen,  and  27"6 
oxygen.  —  This  substance  dissolves  in  concentrated  acids  and 
alkalis  and  in  ammoniacal  cupric  solution,  but  not  in  ammonia  : 
the  solutions  give  precipitates  when  neutralised.  By  boiling  with 
dilute  sulphuric  acid  fibroin  yields  leucine  and  5  per  cent,  of 
tyrosine. 

Spongin  is  obtained  from  sponge  by  treating  it  with  ether, 
alcohol,  hydrochloric  acid,  and  5  per  cent,  soda-ley.  It  closely 
agrees  in  composition  with  fibroin,  but  when  boiled  with  sulphuric 
acid  does  not  yield  tyrosine,  but  glycocine  and  leucine. 

Conchiolin  forms  the  greater  part  of  the  organic  basis  of 
mussel-shells.  It  is  insoluble  in  water,  alcohol,  acetic  acid,  dilute 
mineral  acid,  and  potash-ley.  It  contains  16  or  17  per  cent,  of 
nitrogen,  and  when  boiled  with  sulphuric  acid,  gives  only  leucine, 
no  tyrosine,  glycocine,  or  sugar. 

Chitin,  CgH^NO,;,  from  the  skeleton  of  insects  and  Crustacea, 
is  best  prepared  by  boiling  the  elytra  of  the  cockchafer  with 
alkalis,  water,  acetic  acid,  alcohol,  and  ether.  It  yields  glucose 
when  dissolved  in  sulphuric  acid  (p.  640). 
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Protagon  and  Neurine.— Protagon  is  the  name  given  by 
Liehreich  to  a  phosphoretted  tatty  substance,  which  forms  the 
chief  constituent  of  the  nervous  substance  in  the  nervous  centres 
and  peripheral  nerves,  and  most  likely  occurs  also  in  oil  of  eggs, 
in  pus-cells,  in  white  blood-cells,  and  in  semen  ;  but  at  present  it 
has  been  obtained  pure  only  from  the  brain,  which  must  be  freed 
as  much  as  possible  from  blood  and  extraneous  tissues.  The 
emulsion  is  agitated  with  water,  and  poured  into  a  flask  :  much 
ether  is  poured  on  it,  and  after  constant  shaking  at  29°,  it  is 
allowed  to  stand  for  some  time  and  at  the  same  temperature. 
The  ether  is  poured  off,  filtered,  and  the  solution  is  cooled  from 
0°  to  -10°,  filtered  at  this  low  temperature,  and  washed  out  with 
cold  ether  until  no  more  cholesterin  is  extracted  by  the  ether. 
The  residue  is  dried  over  sulphuric  acid,  dissolved  in  alcohol  of 
80  per  cent,  at  40°,  to  form  a  not  too  concentrated  solution,  and 
then  it  is  allowed  to  cool  slowly  in  a  water-bath.  The  protagon 
crystallises  out  in  bundles  of  fine  needles.  It  is  colourless  and 
without  smell,  scarcely  soluble  in  pure  ether,  easily  in  warm  spirit 
of  wine,  very  easily  in  fatty  and  ethereal  oils,  and  very  easily  also 
in  warm  ethereal  solutions  of  fat.  In  water  it  swells  up  to  an 
opalescent  white  mass  like  a  decoction  of  starch,  and  in  concen- 
trated solutions  forms  a  firm  paste.  When  heated  in  alcohol,  more 
especially  in  absolute  alcohol,  above  50°  to  60°,  it  decomposes  with 
separation  of  oily  drops.  When  boiled  with  strong  baryta-water, 
the  protagon  by  degrees  decomposes  into  glycerin,  phosphoric 
acid,  stearic  acid,  and  a  third  crystalline  non-nitrogenous  acid 
which  has  not  been  thoroughly  investigated,  but  forms  lead- salts 
soluble  in  ether  ;  in  addition  to  these  acids,  leucine  is  formed, 
which  is  a  strong  base. 

Neurine,  C.H15NO,  or  C5H14N(OH),  was  obtained  by  Liehreich 
by  boiling  protagon  continuously  with  baryta-water,  precipitating 
the  baryta  with  carbonic  acid,  evaporating  the  filtrate  to  a  very 
small  volume,  precipitating  with  absolute  alcohol,  evaporating  the 
filtered  alcoholic  extract  to  a  syrup,  again  dissolving  it  in  absolute 
alcohol,  and  precipitating  the  concentrated  solution 'in  alcohol  with 
platmic  chloride.  The  double  platinum-salt,  (C5HwNCl)o.  PtCL, 
IS  easily  soluble  in  water,  and  crystallises  in  thin  large  rhombic 
tables  of  a  yellow  colour.  It  is  not  altogether  insoluble  in  alcohol. 
Solutions  of  neurine  react  very  strongly  alkaline,  even  after  car- 
bonic acid  has  Long  been  passed  into  them.  The  solution  of  the 
base  m  absolute  alcohol  becomes  thick  when  carbonic  acid  is 
passed  into  it;  carbonate  of  neurine  with  an  alkaline  lead  ion 
then  forms.  This  salt,  is  decomposed  with  effervescence  by  strong 
acids.  The  neurine  [s  formed  out  of  protagon  by  simple  splitting 
ol  the  Latter  info  glycerin,  phosphoric  m  id,  &c.     lis  formation 

is  not.  attended  with  evolution  of  ammonia,  the  neurine  taking 

all  the  nitrogen  of  the  protagon.  Baeyer  has  lately  shown 
that  neurine  is  the  hydrate  of  trimethyl-oxethyl-ammorrium, 
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2  (CH  )  \  ^ "       '  anc*  Wurtz  nas  produced  it  synthetically  by 

heating  trimethylamine  with  glycolic  chlorhydrin,  (C2H4)"C1(0H), 
whereby  the  chloride  of  neurine  is  obtained  : 

(CH3)3N    +    C2H4C1(0H)    =  ^^H^K01^ 

and  decomposing  this  chloride  with  moist  silver  oxide. 

Inosinic  Acid,  Cf)HgN90c  (1),  found  by  Liebig  in  the  flesh 
of  some  warm-blooded  animals,  has  not  yet  been  obtained  in 
crystals,  but  as  a  syrup  which  becomes  solid  in  alcohol.  It  dis- 
solves easily  in  water,  reddens  litmus  strongly,  tastes  pleasantly 
like  soup,  and  partly  decomposes  by  boiling.  Its  salts,  even  those 
of  the  alkalis,  are  crystalline.  The  alkaline  salts  are  soluble  in 
water.  The  copper  and  silver-salts  form  amorphous,  insoluble,  or 
almost  insoluble  precipitates.  In  alcohol  and  ether  the  inosinic 
salts  are  not  soluble. 

Chlorohodic  Acid,  obtained  by  Boedecker  from  pus  by  extrac- 
tion with  ether,  alcohol,  and  water,  precipitation  with  lead  acetate, 
decomposition  by  hydrogen  sulphide,  and  extraction  with  absolute 
alcohol,  forms  fine  microscopic  needles.  The  acid  dissolves  easily 
in  water  or  alcohol,  but  not  in  ether.  It  will  not  sublime,  melts 
when  heated,  and  burns,  emitting  the  smell  of  horn.  In  its 
watery  solutions,  stannous  chloride,  mercuric  chloride,  and  mer- 
curic nitrate  cause  a  white  precipitate.  So  also  does  tannin. 
Iodine  gives  a  light  yellow  precipitate.  Chlorine-water  in  dilute 
solutions  gives  a  rose-red  colour ;  dark-red  hi  concentrated 
solutions. 

Excretin,  C7gH16602S,  according  to  Marcet. — Alcoholic  extract 
of  hmnan  feces  is  precipitated  with  lime,  and  exhausted  with 
alcohol  and  ether,  and  the  solution  left  at  a  sufficiently  low  tem- 
perature to  crystallise.  It  melts  at  92°  to  96°,  is  soluble  in  water, 
and  in  warm  alcohol  or  ether,  almost  insoluble  in  cold  alcohol. 
The  solutions  have  a  neutral  reaction.  Neither  boiling  caustic 
potash  nor  dilute  acids  attack  it.   Nitric  acid  easily  decomposes  it. 

Excretolic  Acid  is  the  name  given  by  Marcet  to  a  mixture  of 
fatty  acids,  &c,  which  are  precipitated  from  the  alcoholic  extract 
of  excrement  by  lime. 
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THE  ANIMAL  FLUIDS. 

BLOOD,  URINE,  SWEAT,  SALIVA,  GASTRIC  JUICE,  BILE,  CHYLE, 
MUCUS,  PUS,  MILK. 

Blood. — The  Mood  is  the  general  circulating  fluid  of  the 
animal  body,  the  source  of  all  nutriment  and  growth,  and  the 
general  material  from  which  all  the  secretions,  however  much 
they  may  differ  in  properties  and  composition,  are  derived.  Food 
or  nourishment  from  without  can  only  be  made  available  by  first 
passing  through  the  blood.  It  serves  also  the  scarcely  less  im- 
portant office  of  removing  and  carrying  off  from  the  body  prin- 
ciples which  are  hurtful,  or  no  longer  required. 

In  all  vertebrated  animals  the  blood  has  a  red  colour,  and  pro- 
bably in  all  cases  a  temperature  above  that  of  the  medium  in 
which  the  creature  lives.  In  the  mammalia  this  is  very  apparent 
and  in  the  birds  still  more  so.  The  heat  of  the  blood  is  directly 
connected  with  the  degree  of  activity  of  the  respiratory  process 
In  man  the  temperature  of  the  blood  seldom  varies  much  from 
36-6°  C.  (98°  F.),  when  in  a  state  of  health,  even  under  great 
vicissitudes  of  climate  :  in  birds  it  is  sometimes  as  high  as  42-8°  C. 
(109°  F.).  To  these  two  highest  classes  of  the  animal  kingdom, 
the  mammifers  and  the  birds,  the  observations  about  to  be  made 
are  intended  especially  to  apply. 

In  every  creature  of  this  description  two  kinds  of  blood  are  met 
with,  which  differ  very  considerably  in  their  appearance,  viz..,  that 
contained  in  the  left  side  of  the  heart  and  in  the  arteries  generally, 
and  that  contained  in  the  right  side  of  the  heart  and  in  the  veins ; 
the  former,  or  arterial  blood,  has  a  bright-red  colour,  the  latter,' 
the  venous  blood,  is  blackish-purple.  The  conversion  of  the  dark 
into  the  florid  blood  may  be  traced  to  what  takes  place  during  its 
exposure  to  the  air  in  the  lungs,  and  the  opposite  change,  to  what 
takes  place  in  the  capillaries  of  the  general  vascular  system,  or  the 
minute  tubes  or  passages,  distributed  in  countless  numbers  through- 
out the  whole  body,  which  connect  the  extremities  of  the  arteries 
and  veins.  When  compared  together,  1  ittle  difference  of  properties 
or  composition  can  be  found  in  the  two  kinds  of  blood  ;  the  haemo- 
globin (.1  arterial  blood  is  found  by  spectrum  analysis  to  differ 
from  the  haemoglobin  of  venous  blood  (p.  964).  The  difference 
m  the  interference  bands  is  caused  by  the  combination  of 
oxygen  with  haemoglobin  in  the  arteries  and  its  deoxidation  in 
the  veins.  The  fibrin  varies  a  little,  that  from  venous  blood 
being  soluble,  m  a  solution  of  potassium  nitrate,  which  is  not 
the  rase  with  arterial  fibrin.  It  is,  besides,  very  prone  to  absorb 
oxygen,  and  to  become,  in  all  probability,  partly  changed  to  a 
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higher  oxygen-compound  of  fibrin.  The  only  other  notable  point 
of  difference  is  in  the  gaseous  matter  the  blood  holds  in  solution, 
carbonic  acid  predominating  in  the  venous,  and  free  oxygen  in  the 
arterial  variety. 

In  its  ordinary  state  the  blood  has  a  slimy  feel,  a  density  vary- 
ing from  1-053  to  1-057,  and  a  decidedly  alkaline  reaction,  partly 
from  soda  combined  with  albumin,  and  partly  from  sodium  car- 
bonate and  phosphate ;  it  has  a  saline  and  disagreeable  taste,  and, 
when  quite  recent,  a  peculiar  odour  or  halitus,  which  almost 
immediately  disappears.  An  odour  may,  however,  afterwards  be 
developed  by  addition  of  sulphuric  acid,  which  is  by  some  con- 
sidered characteristic  of  the  animal  from  which  the  blood  was 
obtained. 

The  coagulation  of  blood  in  repose  has  been  already  noticed, 
n   164  and  its  cause  traced  to  the  mutual  action 

of  the  fibrino -plastic  and  fibrino-genous 
©  substances,    which    together  constitute 

~   _      ©  fibrin ;  the  effect  is  best  seen  when  the 

vg)  <Q)  <Q>  @  blood  is  received  in  a  shallow  vessel,  and 
<g>©  ^  left  to  itself  some  time.  No  evolution  of 
gas  or  absorption  of  oxygen  takes  place 
in  this  process.  By  strong  agitation 
coagulation  may  be  prevented ;  the  fibrin 
in  this  case  separates  in  cohering  fila- 
ments. 

To  the  naked  eye  the  blood  appears  a 
homogenous  fluid;  but  it  is  not  so  in 
reality.  When  examined  by  a  good  micro- 
scope, it  is  seen  to  consist  of  a  transparent 
and  nearly  colourless  liquid,  in  which  float 
about  a  countless  multitude  of  little  round  red  bodies  to  winch 
the  colour  is  due ;  these  are  the  blood-discs  or  blood-corpuscles  of 
microscopic  observers.  They  are  accompanied  by  colourless 
globules,  fewer  and  larger,  the  white  corpuscles  of  the  blood. 

The  blood-discs  are  found  to  present  different  appearances  in  the 
blood  of  different  animals :  in  the  mammifers  they  look  like  little 
round  red  or  yellowish  discs,  thin  when  compared  with  their 
diameter,  being  flattened  or  depressed  on  opposite  sides.  In  birds, 
lizards,  frogs,  and  fish,  the  corpuscles  are  elliptical.  In  magnitude 
they  seem  to  be  pretty  constant  in  all  the  members  of  a  species, 
but  differ  with  the  genus  and  order.  In  man  they  are  very  small, 
varying  from  u^nr  to  Wot  of  an  inch  in  breadth,  while  in  the  frog 
the  long  diameter  of  the  ellipse  measures  at  least  four  times  as 
much.  The  corpuscles  consist  of  an  envelope  containing  a  fluid 
in  which  the  red  colouring  matter  of  the  blood  is  dissolved. 

The  coagulation  of  blood  effects  a  land  of  natural  proximate 
analysis;  the  clear,  pale  serum,  or  fluid  part,  is  an  alkaline  solu- 
tion of  albumin,  containing  various  soluble  salts;  the  clot  is  a 
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mechanical  mixture  of  fibrin  and  blood-globules,  swollen  and 
.listen, led  with  serum,  of  which  it  absorbs  a  large  but  variable 

The  following  table  represents  the  composition  of  healthy 
human  blood  as  a  whole ;  it  is  on  the  authority  of  Lecanu 

(2.) 
785-58 


iVfer>   780-15   

f£™».   2-10  3-57 

Albumin,   65.09 

Colouring  matter,     ....  133-00 

CrystaHisable  fat   3.43 

Fluid  fat,  .       .  .       .  ' 

Extractive  matter  of  uncertain  nature, 

soluble  in  both  water  and  alcohol, 

Albumin  in  combination  with  soda,  1-26  2-01 
Sodium  and  potassium  chlorides,  car-  ) 

Donates,  phosphates,  and  sulphates,  \  8'37  7'30 
Calcium  and  magnesium  carbonates  ;  ) 

phosphates  of  calcium,  magnesium,  1  2-10  1-42 

and  iron ;  ferric  oxide,  .       .       .  ) 

Loss»   2-40  2-59 


69-41 
119-63 
4-30 
2-27 

1-79  1-92 


1000-00  1000-00 

In  healthy  individuals  of  different  sexes  these  proportions  are 
tound  to  vary :  the  fibrin  and  colouring  matter  are  usually  more 
abundant  in  the  male  than  in  the  female:  in  disease,  variations 
of  a  far  wider  extent  are  often  apparent. 

It  appears  singular  that  the  red  corpuscles,  which  are  so  easily 
dissolved  by ]  water,  should  remain  uninjured  in  the  fluid  portion 
of  the  blood.  This  seems  partly  due  to  the  presence  of  saline 
matter,  and  partly  to  that  of  albumin,  the  corpuscles  being  alike 
inso luble  m  a  strong  solution  of  salt  and  in  a  highly  albuminous 
liquid.  In  the  blood  the  limit  of  dilution  within  which  the 
^scles  retain  their  integrity  appears  to  be  nearly  reached,  for 
w  hen  water  is  added  they  immediately  become  attacked. 

Urine.— The  urine  is  the  great  vehicle  by  which  the  excess  of 
otogenous  food,  and  the  azotised  matter  of  'those  portions  of  the 
body  whirl,  have  been  taken  up  by  the  absorbent*,  are  conveyed 
away  and  rejected  from  the  system  in  the  form  of  urea.  It  serves 
also  to  remove  Superfluous  water  and  foreign  soluble  matters  u  hi,  I, 

get  introduced  into  the  blood. 

The  two  most  remarkable  and  characteristic  constituents  of 
nnne,  un,,,  and  uric  acid,  have  already  been  fully  described :  in 
addition  to  these,  ,i  contains  lactic  and  hippuric  acids,  creatine 
creatinine,  and  traces  of  glucose  and  indican.  calcium  and  mas- 
nesium  sulphates,  chlorides,  and  phosphates,  alkaline  salts,  and 
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certain  yet  imperfectly  known  principles,  including  an  odoriferous 
and  a  colouring  substance. 

Healthy  human  urine  is  a  transparent,  light  amber-coloured 
liquid,  which,  while  warm,  emits  a  peculiar,  aromatic,  and  not 
disagreeable  odour.  This  is  lost  on  cooling,  while  the  urine  at 
the  same  time  occasionally  becomes  turbid,  from  a  deposition  of 
urates,  which  redissolve  with  slight  elevation  of  temperature.  It 
is  very  decidedly  acid  to  test-paper ;  this  acidity,  which  contin- 
ually varies  in  amount,  has  been  ascribed  to  acid  sodium  phos- 
phate, to  free  uric  acid,  and  to  free  lactic  acid ;  lactic  acid  can, 
however,  hardly  co-exist  with  alkaline  urates,  and  the  amorphous 
buff-coloured  deposit  obtained  from  fresh  urine  by  spontaneous  eva- 
poration in  a  vacuum,  is  not  uric  acid,  but  a  mixture  of  acid  urates, 
modified  as  to  crystalline  form  by  the  presence  of  minute  quanti- 
ties of  sodium  chloride.  That  a  free  acid  is  sometimes  present  in 
the  urine  is  certain :  in  this  case  the  reaction  to  test-paper  is  far 
stronger,  and  the  liquid  deposits  on  standing,  little,  red,  hard 
crystals  of  uric  acid  ;  but  this  is  no  longer  a  normal  secretion. 

An  alkaline  condition  of  the  urine  from  fixed  alkali  is  sometimes 
met  with.  Such  alkalinity  can  always  be  induced  by  the  adminis- 
tration of  neutral  potassium  or  sodium-salts  of  a  vegetable  acid,  as 
tartaric  or  acetic  acid :  the  acid  of  the  salt  is  burned  in  the  blood 
in  the  process  of  respiration,  and  a  portion  of  the  base  appears  in 
the  urine  in  the  state  of  carbonate.  The  urine  is  often  alkaline 
in  cases  of  retention,  from  ammonium  carbonate  produced  by 
putrefaction  in  the  bladder  itself ;  but  this  is  easily  distinguished 
from  alkalinity  from  fixed  alkali,  in  which  case  the  urine  is 
secreted  in  that  condition. 

The  density  of  the  urine  varies  from  1-005  to  1-030 :  about  1-020 
to  1-025  may  be  taken  as  the  average  specific  gravity.  A  high 
degree  of  density  in  urine  may  arise  from  an  unusually  large 
proportion  of  urea :  in  such  a  case,  the  addition  of  nitric  acid  will 
occasion  an  almost  immediate  production  of  crystals  of  urea  nitrate ; 
whereas  with  urine  of  the  usual  degree  of  concentration,  very  many 
hours  will  elapse  before  the  nitrate  begins  to  separate.  The  quan- 
tity of  urine  passed  depends  as  much  upon  circumstances,  as  upon 
the  activity  of  the  skin.  It  is  usually  more  deficient  in  quantity 
and  of  higher  density  in  summer  than  in  winter.  Perhaps  about 
32  ounces  in  the  24  hours  may  be  assumed  as  a  mean. 

When  kept  at  a  moderate  temperature,  urine  after  some  days 
begins  to  decompose :  it  exhales  an  offensive  odour,  becomes  alka- 
line from  the  production  of  ammonium  carbonate,  and  turbid  from 
the  deposition  of  earthy  phosphates.  The  ammonium  carbonate 
is  clue  to  the  putrefactive  decomposition  of  the  urea,  which 
gradually  disappears,  the  ferment,  or  active  agent;  of  the  change, 
being  a  peculiar  nitrogenous  substance  which  is  always  voided 
with  the  urine.  It  has  been  found  also  that  the  yellow  adhesive 
deposit  containing  infusoria  from  stale  urine  is  a  most  powerful 
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ferment  to  the  fresh  secretion.  In  this  putrefied  state  urine  is 
used  m  several  of  the  arts,  as  in  dyeing,  and  forms  perhaps  the 
most  valuable  manure  for  land  known  to  exist.  1 

_  Putrid  urine  always  contains  a  considerable  quantity  of  ammo- 
mum  sulphide :  this  is  formed  by  the  deoxidation  of  sulphateX 

he  organic  matter.  The  highly  offensive  odour  ancl  extreme 
pungency  of  the  decomposing  liquid  may  be  prevented  by  pre- 

WbS,r.11Xmg-fhe  mT-'  "?  Li6big  SU^eat8>  with  sulphuri?  or 
hycUoclilori acid  in  sufhcient  quantity  to  saturate  all  the  ammonia 
tnat  can  be  formed. 

10^ParSoZn?d-  ^  °f  ^  ^  *  Berzelius. 

Water,   933-02 

urea,    30.10 

Lactates  and  extractive  matter,  .       .  17-14 

Uric  acid,   j.qq 

Potassium  ancl  sodium  stdphates,      .  6-87 

Sodium  phosphate,    .       .       .  2-92 

Ammonium  phosphate,     .       .       .  l-g5 

Calcium  and  magnesium  phosphates,  1-00 

Sodium  chloride,      .       .       .  4.45 

Sal-ammoniac,  ....  2-50 

Silica,  o-03 

Mucus  of  bladder,     ....  o~32 


1000-00 


In  certain  states  of  disease,  substances  appear  in  the  urine 
which  are  never  present  in  the  normal  secretion;  of  these  the 
most  common  is  albumin.  This  is  easily  detected  by  the  add? 
toon of  nitric  acid  in  excess,  which  then  causes  a  white  cloud 
or  turbidity,  permanent  when  boiled,  or  by  corrosive  sublimate 

bo^lSr8  preyi0U8ly  -&^med  with  a  little  acetic  S; 

rnn  t  y/aUSneS  a/eC1Pltate  which  is  not  dissolved  by  a 
drop  or  two  of  acid.  Mere  turbidity  by  boiling  is  no  proof  of 
albumin,  the  earthy  phosphates  being  often  thrown  down  from 
nearly  neutral  urine  under  such  circumstances;  the  phospha™ 
pr  c.p.tate  is  however,  instantly  dissolved  by  a  drop  of  any  acid 
JvSl  ?  fme  contains  grape-sugar,  the  quantity  of  which 

J1  1™     the.mte»*%  of  the  disease  ;  I  etimes  it  is  enormous, 

he  urine  acquiring  a  density  of  1-040  and  beyond.  It  does  no 
appear  that  the  urea  is  feficient  absolutely,  although  more  difficul 
0  discover  from  berflg  mixed  with  such  a  mass  of  syrup.  Very 
smaU  traces  oi  sugar  may  be  discovered  in  urine  by  TrommeS 
^formerly  mentioned  (p.  635):  a  few  drops  of  solution  of 
eupnc  sulphate  are  added  to  the  urine,  and  afterwards  an  excess 
rf  caustic  potash  ;  ,1  sugar  be  present,  a  deep  blue  liquid  remSt? 
vhich,  on  boding,  deposits  red  cuprous  ok    W,il,  propS 
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management  this  test  is  very  valuable.  Urine  containing  sugar, 
when  mixed  with  a  little  yeast,  and  put  in  a  warm  place,  readily 
undergoes  vinous  fermentation,  and  afterwards  yields,  on  distilla- 
tion, weak  alcohol  contaminated  with  ammonia. 

The  urine  of  children  is  said  sometimes  to  contain  benzoic  acid  : 
this  is  produced  by  the  decomposition  of  hippuric  acid,  which 
constantly  occurs  in  the  urine  of  healthy  persons.  "When  benzoic 
acid  is  taken,  the  mine  after  a  few  horns  yields  on  concentration, 
and  the  addition  of  hydrochloric  acid,  needles  of  hippuric  acid, 
soiled  by  adhering  uric  acid. 

The  deposit  of  buff-coloured  or  pinkish  amorphous  sediment, 
which  so  frequently  occurs  in  urine  upon  cooling,  after  unusual 
exercise  or  slight  derangements  of  health,  consists  of  a  variable 
mixture  of  coloured  acid  urates  uncrystallised  :  it  may  be  at  once 
distinguished  from  a  deposit  of  ammonio-magnesian  phosphate  by 
its  instant  disappearance  on  the  application  of  heat.  The  earthy 
phosphates,  besides,  are  hardly  ever  deposited  from  urine  which 
has  an  acid  reaction. 

The  colouring  matters  of  the  urine  have  been  carefully  examined 
by  Dr.  Schunck.  He  finds  that  most  of  the  substances  hitherto 
described  as  colouring  healthy  mine  are  products  of  the  change  of 
one,  or  at  most  two,  colouring  matters,  which  are  always  present. 
The  first,  and  most  important  of  these,  Dr.  Schunck  has  obtained 
as  a  dark-yellow  extract,  amorphous  and  deliquescent,  with  a 
peculiar  odour.  It  is  soluble  in  alcohol  and  ether,  as  well  as  in 
water,  and  has  the  composition  C43H51N026.  It  is  decomposed  at 
a  boiling  temperature,  yielding  a  large  quantity  of  a  brown  resin 
and  volatile  organic  acid.  A  second  extractive  matter,  soluble  in 
water  and  alcohol,  but  not  in  ether,  he  found  had  the  formula 
C19H27N014.  This  is  certainly  produced  in  the  process  of  prepar- 
ing the  first  extractive  matter,  and,  perhaps,  does  not  pre-exist  in 
healthy  urine.  Heat  and  all  strong  alkalis  and  acids  decompose 
these  extractive  matters,  and  give  rise  to  most  of  the  colouring 
matters  which  have  hitherto  been  described  as  existing  in  healthy 
urine.  The  reddish-pink  colouring  matter,  called  purpurin  or 
uro-erythrin,  which  adheres  so  tenaciously  to  the  urates,  is  not  an 
ordinary  constituent  of  healthy  urine,  but  is  formed  more  espe- 
cially when  the  secretion  of  bile  is  diminished.  With  regard  to 
the  presence  of  indican  in  healthy  mine,  see  page  .941. 

The  yellow  principle  of  bile  may  be  observed  in  mine  in  cases 
of  jaundice.  _ 

The  urine  of  the  carnivorous  mammiiera  is  small  m  quantity, 
and  hi<mlv  acid.  It  has  a  very  offensive  odour,  and  quickly 
putrefies.  "  In  composition  it  resembles  that  of  man,  and  is  rich  in 
urea.  In  birds  and  serpents,  the  urine  is  a  white  pasty  substance, 
consisting  almost  entirely  of  urate  of  ammonia.  In  herbivorous 
animals  it  is  alkaline  and  often  turbid  from  earthy  carbonates  and 
phosphates  :  urea  is  still  the  characteristic  ingredient,  while  oi 
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uric  acid  there  is  scarcely  a  trace  :  hippuric  acid  is  usually  if  not 
always,  present,  sometimes  to  a  very  large  extent.  When  the 
urine  putrefies,  this  hippuric  acid,  as  already  noticed,  becomes 
changed  to  benzoic  acid.  '  UL0UUies 

Urinary  Calculi.  -Stony  concretions,  differing  much  in  physical 
characters  and  in  chemical  composition,  are  unhappily  S  too 
frequently  formed  m  the  bladder  itself,  and  give  rise  to  one  of 
the  most  distressing  complaints  to  which  humanity  is  subject 
Although  many  endeavour's  have  heen  made  to  find  some  solvent 
01  solvents  for  these  calculi,  and  thus  supersede  the  necessity  of  a 
formidable  surgical  operation  for  their  removal,  success  has  been 
but  very  partial  and  limited. 

r  JSS  CalCUli  "?  8'enerally  imposed  of  concentric  layers  of 
crystalline  or  amorphous  matter,  of  various  degrees  of  hardness 
Very  frequently  the  central  point  or  nucleus  fs  a  small  foS 
body :  curious  illustrations  of  this  will  be  seen  in  any  large  collec- 
tion. Calculi  are  not  confined  to  man  :  the  lowe?  annals  are 
subject  to  the  same  affliction  ;  they  have  been  found  ™horses 
oxen  sheep,  pigs,  and  almost  constantly  in  rats.  ' 

the  following  is  a  sketch  of  the  principal  characters  of  the 
difierent  varieties  of  calculi  :— 

1.  Uric  Acid.— These  are  among  the  most  common  :  externally 
they  are  smooth  or  warty,  of  yellowish  or  brownish  tint :  they 
have  an  imperfectly  crystalline,  distinctly  concentric  structure 
and  are  tolerably  hard.    Before  the  blowpipe  the  uric  acid  calculus 

wX3' leaVmg: -°  aSh-  J* is  inS0lubl^  iQ  water>  dissolve 
with  facility  in  caustic  potash,  with  but  little  ammoniacal  odour  • 
he  solution  mixed  with  acid  gives  a  copious  white  curdy  precipi-' 

SutioUlvb'f  lWh>;h  8PeediIy.^C0^s  dense  and  ciystallinl 
Cautiously  heated  with  nitric  acid,  and  then  mixed  with  a  little 

P~klSahe?  CharaCteriStiC  reaCti°U  °f  ™  4 

a™'i  tmTni%m  ^--Calculi  of  ammonium  urate  much  re- 
semble the  preceding:  they  are  easily  distinguished,  however 

precipitate  of  unc  acid  when  mixed  with  hydrochloric  acid  It 

of  an^onfa!0  *      P°taSSiUm  Carb°nate  wit>1  C0Pi()US  e"  °lution 

v,t/')tl%°f  ul%V-  ?ahium  Ph°¥^te  with  Arrmonio-Mag- 
nmm  J  hosphate -This  is  one  of  the  most  common  kinds.  The 
tones  are  usually  white  or  pale-coloured,  smooth,  earthy,  and 
soft    M„,y  often  attain  a  large  six,.    Before  the  blowpipe  (Ins 
rabs tance  blackens  In..,,  animal  matter,  which  calculi  always  con- 
am  .then  becomes  white,  and  melts  to  a  bead  with  comparative 
•  -  i  v.    It  is  insoluble  in  caustic  alkali,  but  readily  soluble  in 
dilute  acids,  and  he  solution  is  precipitated  byammonla.  CalcuS 
I'    ;'mm"   calcium.  P^ate  are  ran,  as  also  those  of  mag 
nesnun  and  ammomum  pnosphate  ;  the  latter  .alt  is  sometimls 
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seen,  forming  small  brilliant  crystals,  in  cavities  in  the  fusible 
calculus. 

4.  Calcium  Oxalate  Calculus;  Mulberry  Calculus.— The  latter 
name  is  derived  from  the  rough,  warty  character,  and  dark  blood- 
stained aspect  of  this  variety it  is  perhaps  the  worst  form  of 
calculus.  It  is  exceedingly  hard :  the  layers  are  thick  and  im- 
perfectly crystalline.  Before  the  blowpipe  the  calcium  oxalate 
burns  to  a  carbonate  by  a  moderate  red  heat,  and,  when  the  flame 
is  strongly  urged,  to  quicklime.  It  is  soluble  in  moderately  strong 
hydrochloric  acid  by  heat,  and  very  easily  in  nitric  acid.  When 
it  is  finely  powdered  and  long  boiled  in  a  solution  of  potassium  car- 
bonate, potassium  oxalate  may  be  discovered  in  the  filtered  liquor 
after  careful  neutralisation  with  nitric  acid,  forming  white  pre- 
cipitates with  solutions  of  lime,  lead,  and  silver.  A  sediment  of 
calcium  oxalate  in  very  minute,  transparent,  octohedral  crystals, 
only  to  be  seen  by  the  microscope,  is  of  common  occurrence  in 
urine,  in  which  a  tendency  to  deposits  of  urates  exists. 

5.  Cystine  and  Xanthine.— These  calculi  are  very  rare,  especially 
the  latter.  Calculi  of  cystine  or  cystic  oxide  are  very  crystalliae, 
and  often  present  a  waxy  appearance  externally :  sediments  of 
cystic  oxide  are  sometimes  met  with.  This  substance  is  a  definite 
crystallisable  organic  principle,  containing  sulphur  to  a  large 
amount,  its  formula  being  C3H7NS02.  The  powdered  calculus 
dissolves  in  great  part,  without  effervescence,  m  dilute  acids  and 
alkalis,  including  ammonia :  the  ammoniacal  solution  deposits,  by 
spontaneous  evaporation,  small  but  beautiful  colourless  crystals, 
which  have  the  form  of  six-sided  prisms  and  tables.  It  forms  a 
saline  compound  with  hydrochloric  acid.  Caustic  alkalis  disengage 
ammonia  from  this  substance  by  continued  ebullition.  When  the 
solution  in  nitric  acid  is  evaporated  to  dryness,  it  blackens :  when 
it  is  dissolved  in  a  large  quantity  of  caustic  potash,  a  drop  of  solu- 
tion of  lead  acetate  added,  and  the  whole  boiled,  a  black  precipi- 
tate containing  lead  sulphide  makes  its  appearance.  By  these 
characters  cystine  is  easily  recognised.  _  _ 

Xanthine,  or  xanthic  oxide,  also  a  definite  orgamc  principle, 
C-H4N402,  is  distinguished  by  the  peculiar  deep-yellow  colour 
produced  when  its  solution  in  nitric  acid  is  evaporated  to  (hyness : 
it  is  soluble  in  alkalis,  and  in  boiling,  strong  hydrochloric  acid. 

Very  many  calculi  are  of  a  composite  nature,  the  composition  ot 
the  different  layers  being  occasionally  changed,  or  alternating: 
thus  mixed  urates  and  calcium  oxalate  are  not  unfrequentLy 
associated  in  the  same  stone. 

Sweat  The  watery  fluid  poured  out  by  the  skin  contains 

from  h  to  2  per  cent,  of  solid  matter :  the  acidity  of  the  secretion 
depends  on  organic  acids,  chiefly  formic :  acetic  and  butyric  acids 
also  exist  in  it.  Lactic  acid  has  been  stated  to  be  absent,  even  in 
rheumatism :  a  new  acid  named  sudoric  acid,  and  somewhat  re- 
sembling uric  acid  in  composition,  is  said  to  be  always  present. 
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In  disease,  and  in  health,  small  quantities  of  urea  also  exist  in  sweat. 
The  salts  in  the  sweat  are  chlorides  of  sodinm  and  potassium. 
Phosphoric  acid,  lime,  magnesia,  and  iron  oxide  have  been  found. 

Saliva  is  a  mixture  of  several  fluids  secreted  by  different  glands 
of  the  mouth.  Its  specific  gravity  is  from  1-002  to  1-009.  It  is 
usually  alkaline:  during  and  after  eating  the  alkaline  reaction 
increases,  whilst  it  decreases  by  fasting.  It  contains  an  albuminous 
substance,  ptyalin,  which  acts  on  starch,  rapidly  changing  it  into 
sugar.  The  secretion  of  the  submaxillary  gland,  with  the  mucus 
of  the  mouth,  chiefly  produces  this  effect.  On  the  passage  of  the 
food  into  the  acid  gastric  juice,  this  conversion  of  starch  into  sugar 
ceases.  The  second  remarkable  substance  in  saliva  is  potassium 
sulphocyanate,  which  exists  in  very  small  quantities,  but  is  very 
easily  detected.  The  solid  constituents  of  the  saliva  are  about 
1  per  cent,  and  in  100  parts  of  solid  constituents  from  7  to  21 
parts  are  fixed  salts,  chiefly  chlorides,  with  calcium  carbonate  and 
phosphate. 

Gastric  Juice  is  a  clear,  colourless,  transparent  fluid,  of  sp.  gr. 
1-002,  containing  1  to  2  per  cent,  of  solid  constituents,  chiefly 
sodium  chloride  and  lactate.  It  has  an  acid  reaction,  and  contains 
hydrochloric,  lactic,  butyric,  propionic,  and  acetic  acids.  It  is 
slightly,  or  not  at  all,  coagulable  by  boiling,  though  it  contains 
two  albuminous  substances,  one  insoluble  in  water  and  absolute 
alcohol,  the  osmazome  of  old  authors ;  the  other  soluble  in  water, 
but  precipitated  by  alcohol,  tannin,  mercuric  chloride,  and  lead- 
salts.  This  is  pepsin.  In  the  gastric  juice  of  man  it  exists  to  the 
amount  of  0-31 9  per  cent.  When  the  gastric  juice  has  the  greatest 
solvent  power,  100  parts  of  fluid  are  saturated  by  1-25  parts  of 
potash.  The  gastric  juice  dissolves  the  albuminous  substances 
taken  as  food,  and  slightly  changes  their  reactions.  Thus  albumin, 
fibrin,  casein,  legumin,  gluten,  and  chondrin  give  rise  to  as  many 
different  peptones. 

Bile.— This  is  a  secretion  of  a  very  different  character  from  the 
preceding :  the  largest  internal  organ  of  the  body,  the  liver,  is 
devoted  to  its  preparation,  which  takes  place  from  venous,  instead 
of  arterial  blood.  According  to  Gorup-Besanez  human  bile  con- 
tains in  1000  parts — 

Water,   823-  908 

Solid  matter,  .       .       .  .177-92 


Bile-acids  with  alkali,     .  108-  56 

Fat  and  cholesterin,        .       .  47-40 

Mucus  and  colouring  matter,  .  24-15 

Ash,   11-6 

In  its  ordinary  state  bile  is  a  very  deep-yellow,  or  greenish, 
viscid,  transparent  liquid,  which  darkens  By  exposure  to  the  air, 
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and  undergoes  changes  which,  have  been  yet  but  imperfectly  studied. 
It  has  a  disagreeable  odour,  a  most  nauseous,  bitter  taste,  a  dis- 
tinctly alkaline  reaction,  and  is  miscible  with  water  in  all  propor- 
tions. When  evaporated  to  dryness  at  100°,  and  treated  with 
alcohol,  the  greater  part  dissolves,  leaving  behind  an  insoluble 
jelly  consisting  of  mucus  of  the  gall-bladder.  This  alcoholic  solu- 
tion contains  colouring  matter  and  cholesterin :  from  the  former 
it  may  be  freed  by  digestion  with  animal  charcoal,  and  from  the 
latter  by  a  large  admixture  of  ether,  in  which  the  bile  is  insoluble, 
and  separates  as  a  thick,  syrupy,  and  nearly  colourless  liquid. 
The  colouring  matter  may  also  be  precipitated  by  baryta-water. 

Pure  bile  thus  obtained,  when  evaporated  to  dryness  by  a  gentle 
heat,  forms  a  slightly  yellowish  brittle  mass,  resembling  gum- 
arabic.  It  is  completely  soluble  in  water  and  absolute  alcohol. 
The  solution  is  not  affected  by  the  vegetable  acids ;  hydrochloric 
and  sulphuric  acids,  on  the  contrary,  give  rise  to  turbidity,  either 
immediately  or  after  a  short  interval.  Lead  acetate  partly  preci- 
pitates it;  the  tribasic  acetate  precipitates  it  completely:  the 
precipitate  is  readily  soluble  in  acetic  acid,  in  alcohol,  and  to  a 
certain  extent  in  excess  of  lead  acetate.  When  carbonised  by  heat, 
and  incinerated,  bile  leaves  between  11  and  12  per  cent,  of  ash, 
consisting  chiefly  of  sodium  carbonate,  with  a  little  common  salt 
and  alkaline  phosphate.  The  beautiful  researches  of  Strecker 
show  that  bile  is  essentially  a  mixture  of  the  sodium-salts  of  two 
peculiar  acids,  resembling  the  resinous  and  fatty  acids.  One  of 
these  contains  nitrogen,  but  no  sidphur,  and  is  termed  glycocholic 
acid,  being  a  conjugated  compound*  of  a  non-nitrogenous  acid, 
cholic  acid,  with  the  azotised  substance  glyocine  (p.  681) ;  the  other, 
containing  nitrogen  and  sulphur,  is  called  taurocholic  acid,  being  a 
conjugated  compound  of  the  same  cholic  acid  with  a  body  to  be 
presently  described  under  the  name  of  taurine,  containing  both 
nitrogen  and  sulphur.  The  relative  proportion  in  which  these 
acids  occur  in  bile  remains  pretty  constant  in  the  same  animal, 
but  varies  considerably  in  different  classes  of  animals. 

Glycocholic  Acid  may  be  thus  obtained  : — When  ox-bile  is 
perfectly  dried  and  exhausted  with  cold  absolute  alcohol,  and  after 
nitration  is  mixed  with  ether,  it  first  deposits  a  brownish  tough 
resinous  mass,  and  after  some  time,  stellate  crystals,  consisting  of 
the  glycocholates  of  sodium  and  potassium.  These  mixed  crystals 
were  first  obtained  by  Plattner,  and  compose  his  so-called  crys- 
tallised bile. 

Glycocholic  acid  may  be  obtained  by  decomposing  sodium  glyco- 
cholate  with  sulphuric  acid  :  it  crystallises  in  fine  white  needles 
of  a  bitterish-sweet  taste,  is  soluble  in  water  and  alcohol,  but  only 
slightly  in  ether,  and  has  a  strong  acid  reaction.    It  is  represented 

*  A  compound  is  sometimes  said  to  be  "  conjugated"  of  two  others,  when 
it  contains  the  elements  of  those  two  bodies,  minus  the  elements  of  water. 
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by  the  formula  C26H43N"06.  When  boiled  with  a  solution  of 
potash,  the  acid  divides  into  cholic  acid  and  glycocine : 

C2eH43N06    +    H20    =    C24H40O5    +  C2HsN02 

Glycocliolic  Cholic  acid.  Glycocine. 

acid. 

Boiled  with  concentrated  sulphuric  or  hydrochloric  acid,  it  like- 
wise yields  glycocine,  but  instead  of  cholic  acid,  another  white 
amorphous  acid,  cholo'idic  acid  (C24H3804  =  cholic  acid  minus  1 
molecule  of  water),  or,  if  the  ebullition  has  continued  for  some 
time,  a  resinous  substance,  from  its  insolubility  in  water  called 
dyslysin  (C24H30O3  =  cholic  acid  minus  2  molecules  of  water). 

Taurocholic  Acid  is  thus  procured  ; — Ox-bile  is  freed  as  far 
as  possible  from  glycocholic  acid  by  means  of  neutral  lead  acetate, 
and  is  then  precipitated  by  basic  lead  acetate,  to  which  a  little 
ammonia  is  added.  The  precipitate  is  decomposed  by  sodium 
carbonate,  whereby  tolerably  pure  sodium  taurocholate  is  ob- 
tained. By  decomposing  the  taurocholate  of  lead  with  sulphu- 
retted hydrogen,  taurocholic  acid  is  liberated.  This  substance, 
however,  which  was  previously  called  cholic  acid  and  bilin,  has 
never  been  obtained  in  the  pure  state  ;  its  formula,  as  inferred 
from  the  study  of  its  products  of  decomposition,  appears  to  be 
^2eH45NS07.  When  boiled  with  alkali,  it  divides  into  cholic 
acid  and  taurine  ; 

C2GH46NSOr    +    H20    =    C24H40O5    +  C2H7NS03 

Taurocholic  acid.  Cholic  acid.  Taunne. 

With  boiling  acid  it  likewise  gives  taurine,  but  instead  of  cholic 
acid  either  choloidic  acid  or  dyslysin,  according  to  the  duration 
of  the  boiling.  ^ 

Taurine,  C2H7NS03,  crystallises  in  colourless  regular  hexagonal 
prisms,  which  have  no  odour  and  very  little  taste.  It  is  neutral 
to  test-paper,  and  permanent  in  the  air.  When  burnt,  it  gives 
rise  to  much  sulphurous  acid.  It  contains  upwards  of  25  per  cent, 
of  sulphur.  It  is  easily  prepared  by  boiling  purified  bile  for  some 
hours  willi  hydrochloric  acid.  After  filtration  and  evaporation, 
the  acid  residue  is  treated  with  five  or  six  tunes  its  bulk  of  boiling 
alcohol,  from  which  the  taurine  separates  on  cooling.  Streckei 
made  many  attempts  to  prepare  taurine  artificially.  Ultimately 
he  found  that  when  ammoruum  isethionate  (p.  586),  which  melts 
at  130°,  is  healed  to  210°  or  220°,  it  loses  1  molecule  of  water,  and 
becomes  taurine.  The  substance  is  dissolved  in  water,  and  on 
the  addition  of  alcohol,  gives  crystals  having  all  the  properties  of 
taurine.  Kolbe  has  recently  observed  the  formation  of' taurine 
under  very  interesting  circumstances.  The  treatment  of  potassium 
isethionate  with  phosphorus  pentachloride  gives  rise  to  a  heavy 
oily  Liquid,  with  simultaneous  formation  of  hydrochloric  acid  anil 
phosphorus  oxychloride.    This  oily  liquid,  the  so-called  chloride 
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of  cUorethylsulphuric  acid,  C2H4C1S0,C1,  when  mixed  with  water, 
yields  the  corresponding  acid,  chlorethylsulphuric  acid,  C2H5C1S03, 
which  on  digestion  with  an  excess  of  ammonia  at  100°"  produces 
taurine :  C2H5C1S03  +  2NH3  =  NH4C1  +  C2H7NS03. 

Cholic  Acid,  C24H4Q06,  crystallises  in  tetrahedrons.  It  is 
soluble  in  sulphuric  acid,  and  on  the  addition  of  a  drop  of  this 
acid  and  a  solution  of  sugar  (1  part  of  sugar  to  4  parts  of  water),  a 
purple-violet  colour  is  produced,  which  constitutes  Pettenkofer's 
test  for  bile.  At  195°  it  loses  a  molecule  of  water,  and  is  con- 
verted into  choloidic  acid,  which  change,  as  already  pointed  out, 
is  also  produced  by  boiling  with  acids. 
_  Cholic  acid  is  best  obtained  by  boiling  the  resinous  mass  pre- 
cipitated by  ether  from  the  alcoholic  solution  of  the  bile,  with  a 
dilute  solution  of  potash  for  24  or  36  hours,  till  the  amorphous 
potassium-salt  that  has  separated  begins  to  crystallise.  When  the 
dark-coloured  soft  mass  is  removed  from  the  alkaline  liquid,  dis- 
solved in  water,  and  hydrochloric  acid  added,  a  little  ether  causes 
the  deposition  of  the  cholic  acid  in  crystals. 

Bile-pigments. — The  principal  colouring  matter  of  the  bile  is 
called  bilirubin  or  cholepyrrhin.  When  dry  it  is  reddish-brown 
and  uncrystallisable,  insoluble  in  water,  more  soluble  in  alcohol, 
which  it  colours  yellow,  and  most  soluble  in  caustic  alkali.  On 
the  addition  of  nitric  acid  to  the  yellow  alkaline  solution,  a  change 
ensues.  The  colour  passes  through  green,  blue,  violet,  and  red : 
after  some  time,  the  liquid  again  turns  yellow,  probably  in  con- 
sequence of  a  gradual  process  of  oxidation. 

Another  coloraing  matter  of  bile  is  called  biliverdin.  It  is  dark- 
green,  amorphous  without  taste  or  smell,  insoluble  in  water,  slightly 
soluble  in  alcohol,  but  soluble  in  ether. 

According  to  the  researches  of  Strecker  and  Gundelach,  pigs' 
bile  differs  from  the  bile  of  other  animals.  This  bile  contains  an 
acid  called  glyco-hyocholic  acid.  It  may  be  prepared  in  the  follow- 
ing manner : — Fresh  pigs'  bile  is  mixed  with  a  solution  of  sodium 
sulphate,  and  the  precipitate  thus  obtained  is  dissolved  in  absolute 
alcohol,  and  decolorised  by  animal  charcoal.  From  this  solution 
ether  throws  down  a  sodium-salt,  which,  on  addition  of  sulphuric 
acid,  yields  glyco-hyocholic  acid  as  a  resinous  mass,  which  is  dis- 
solved in  alcohol  and  reprecipitated  by  water. 

Glyco-hyocholic  acid  contains  C27H43N05.  When  heated  with 
solutions  of  the  alkalis,  it  undergoes  a  decomposition  perfectly 
analogous  to  that  of  glycocholic  acid,  splitting  up  into  glycocine 
and  a  crystalline  acid,  called  hyocholic  acid,  very  soluble  in  alcohol, 
less  so  in.  ether.  This  substance  contains  C^H^O.,;  and  the 
change  is  represented  by  the  following  equation : 

C27H43NOfi   +    H20    =  +  C2H6N02 

Glyco-hyocholic  Hyocholio  Glycocine. 

acid.  acid. 
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When  boiled  with  acids,  glyco-hyockolic  acid  yields  likewise 
glycocine,  but  instead  of  hyocholic  acid,  a  substance  representing 
the  dyslysin  of  the  ordinary  bile,  which  might  be  termed  hyodysly- 
nn.  The  composition  of  hyodyslysin  is  C25H3803  =  hyocholic  acid 
minus  H20. 

_  Pigs'  bile  contains  a  very  trifling  quantity  of  sulphur,  probably 
in  the  form  of  a  sulphuretted  acid  corresponding  to  taurocholic 
acid  of  ox-bile.  Strecker  believes  this  acid  to  contain  C27H15NSO0 : 
it  might  be  called  tauro -hyocholic  acid;  when  boiled  with  an 
alkali,  it_  should  yield  taurine  and  hyocholic  acid.  The  sulphu- 
retted acid  must  be  present  in  pigs'  bile  in  very  minute  quantity : 
it  is  even  less  known  than  tauro-cholic  acid. 

The  once  celebrated  oriental  bezoar  stones  are  biliary  calculi,  said 
to  be  procured  from  a  species  of  antelope :  they  have  a  brown 
tint,  a  concentric  structure,  and  a  waxy  appearance,  and  consist 
essentially  of  a  peculiar  and  definite  crystallisable  principle  called 
hthofelhc  acid,  having  the  composition  C20H38O4. 

The  liver  not  only  forms  bile  which  is  excreted,  but  it  also 
effects  a  remarkable  change  in  the  blood  that  passes  through  it. 
M.  Bernard  discovered  that  after  death  sugar  could  be  detected  in 
the  blood  from  the  hepatic  vein,  whilst  no  sugar  was  found  in 
blood  from  the  portal  vein.  In  the  progress  of  his  researches  into 
the  origin  of  this  sugar,  he  found  that  a  glycogenic  substance  was 
iormed  m  the  substance  of  the  liver  itself,  and  this  he  succeeded 
m  extracting  and  isolating  (p.  658). 

Pancreatic  Fluid  is  strongly  alkaline,  and  has  a  specific  gravity 
ot  about  1-008  to  1-009,  containing  from  9  to  11  per  cent,  of  solid 
constituents :  among  these  are  an  albuminous  substance,  resembling 
ptyalm,  together  with  leucine,  guanine^xanthine,  and  inosite,  and 
about  1  per  cent,  of  ash,  chiefly  chlorides  and  phosphates. 

It  has  three  distinct  actions— first  on  starch,  secondly  on  fat, 
and  thirdly  on  albuminous  matter.  Starch  is  converted  into 
sugar  more  energetically  by  the  pancreatic  fluid  than  by  the  saliva, 
.bat  is  changed  into  fatty  acid  and  glycerin  at  a  temperature  of 
35  ;  and  boiled  albumin  and  fibrin  are  quickly  dissolved  at  the 
same  temperature,  whilst  the  alkalescence  distinctly  remains. 

Intestinal  Juice  is  a  colourless,  alkaline  fluid,  containing  from 
3  to  4  per  cent  of  solid  constituents.  It  is  thought  to  be  capable 
ot  dissolving  fibrinous  substances  oidy. 

Chyle  —The  fluid  of  the  lacteal  vessels.  This  is  a  very  variable 
mud,  milky  and  feebly  alkaline.  Its  fibrin  begins  to  coagulate 
when  taken  from  the  vessels,  in  five  to  twelve  minutes,  and  is 
perfectly  coagulated  in  two  to  four  hours.  The  coagnl  urn  is  much 
smaller  and  weaker  than  that  of  the  blood.  That  of  the  horse, 
from  a  yellowish  colour  changes  in  the  air  to  light  red. 

The  albuminous  saline  serum  contains  very  minute  particles  of 
tatty  matter,  which  give  rise  to  the  milkiness ;  also  larger  chyle 
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globules,  and  colourless  blood  globules.    Thus  the  chyle  approxi- 
mates in  composition  and  properties  to  the  blood. 
In  the  chyle  of  the  horse  there  was  found — 


Water, 


91-00    to    96-00  per  cent. 


9-00  4-00 
Variable. 

0-  19  0-7 

1-  93  4-34 
1-89  0-53 


Fixed  constituents,  . 
Nuclei  and  cells, 
Fibrin,  .... 
Albumin 

Fat  

Extractive  matter  free  from  salts,     7-27  8-34  „ 

Soluble  salts,  ....       7-49  6'78  „ 

Insoluble,        .       .       .     about  2 -00 

Lymph  is  the  name  given  to  the  fluid  in  the  lymphatic  vessels. 
It  is  colourless,  has  an  alkaline  reaction,  and  coagulates  in  from 
four  to  twenty  minutes.  It  closely  resembles  the  blood  without 
the  blood-globules.  It  contains  colourless  globules,  resembling 
the  white  globules  of  the  blood.  It  contains  much  less  albumin 
and  fat  than  the  serum  of  the  blood,  but  more  water,  and  propor- 
tionately more  extractive  matter. 

Closely  resembling  this  fluid  is  that  poured  out  by  serous  mem- 
branes and  the  cellular  tissue.  It  has  been  called  exsudation  fluid, 
and  may  be  divided  into  fibrinous  and  non-fibrinous.  It  may  be 
considered  as  the  serum  of  the  blood  with  or  without  fibrin,  which 
is  far  more  commonly  present  than  has  been  supposed. 

Mucus  and  Pus. — The  slimy  matter  effused  upon  the  surface 
of  various  mucous  membranes,  as  the  lining  of  the  alimentary 
canal,  that  of  the  bladder,  of  the  nose,  lungs,  &c,  to  which  the 
general  name  mucus  is  given,  is  so  small  in  quantity,  and  so 
variable  in  consequence  of  any  irritation  of  the  membranes,  that 
it  is  difficult  to  characterise.  It  always  contains  more  or  less  epi- 
thelium and  mucous  cells.  It  contains  a  peculiar  nitrogenous 
principle  to  which  the  name  mucin  has  been  given  (p.  966). 

Pus,  the  natural  secretion  of  a  wounded  or  otherwise  injured 
surface,  is  commonly  a  creamy,  white,  or  yellowish  liquid, 
which,  under  the  microscope,  appears  to  consist  of  multitudes 
of  minute  globules  floating  in  a  serum.  It  is  neither  acid  nor 
alkaline. 

The  pus  globules  are  distended  by  very  dilute  mineral  and 
organic  acids :  imperfectly  dissolved  by  alkalis,  leaving  the  mem- 
brane of  the  cells  adhering  in  a  gelatinous  mass.  This  cell 
membrane  is  an  albuminous  substance,  soluble  in  very  dilute 
acids.  The  pus  serum  contains  more  or  less  albumin,  in  all  respects 
identical  with  that  of  the  blood  and  a  peculiar  substance,  pyin 
(p.  967). 

The  quantity  of  fatty  substance  is  remarkable  in  pus,  varying 
from  2  to  6  per  cent.    As  much  as  1  per  cent,  of  cholesterin  has 
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been  found  to  be  present ;  but  neither  by  this  nor  by  any  other 
character  can  the  passage  of  mucus  into  pus  be  determined. 

Milk. — The  peculiar  special  secretion  destined  for  the  nourish- 
ment of  the  young  is,  so  far  as  is  known,  very  much  the  same  in 
flesh-eating  animals  and  in  those  which  live  exclusively  on  vege- 
table food.  The  proportion  of  the  constituents  may,  however, 
sometimes  differ  to  a  considerable  extent.  The  specific  gravity 
varies  from  T018  to  T045.  It  will  be  seen  hereafter  that  the 
substances  present  in  milk  are  wonderfully  adapted  to  the  office 
of  providing  materials  for  the  rapid  growth  and  development  of 
the  animal  frame.  It  contains  an  azotised  matter,  namely,  caseins, 
together  with  fatty  principles,  a  peculiar  sugar,  and  lastly,  various 
salts,  among  which  may  be  mentioned  calcium  phosphate,  held  in 
complete  solution  in  a  sbghtly  alkaline  liquid.  This  last  is 
especially  important  to  a  process  which  goes  on  actively  in  the 
young  animal,  the  formation  of  bone. 

The  white,  and  almost  opaque  appearance  of  milk  is  an  optical 
illusion :  examined  by  a  microscope  of  even  moderate  power,  it  is 
seen  to  consist  of  a  perfectly  transparent  fluid,  in  which  float 
numbers  of  transparent  globules :  these  consist  of  fat,  surrounded 
by  an  albuminous  envelope,  which  can  be  broken  mechanically, 
as  in  the  chiuning,  or  dissolved  by  the  chemical  action  of  caustic 
potash,  after  which,  on  agitating  the  milk  with  ether,  the  fat  can 
be  dissolved. 

When  milk  is  suffered  to  remain  at  rest  some  hours  at  the  ordi- 
nary temperature  of  the  air,  a  large  proportion  of  the  fat-globules 
collects  at  the  surface  into  a  layer  of  cream:  if  this  be  now  removed 
and  exposed  for  some  time  to  strong  agitation,  the  fat-globules 
coalesce  into  a  mass,  and  the  remaining  watery  liquid  is  expelled 
from  between  them  and  separated.  The  butter  so  produced  must 
be  thoroughly  washed  with  cold  water,  to  remove,  as  far  as  pos- 
sible, the  last  traces  of  casein,  which  readily  putrefies,  and  woidd 
in  that  case  spoil  the  whole.    A  little  salt  is  usually  added. 

Ordinary  butter  still,  however,  contains  some  butter-milk,  and 
when  intended  for  keeping  should  be  clarified,  as  it  is  termed,  by 
fusion.  The  watery  part  then  subsides,  and  carries  with  it  the 
residue  of  the  azotised  matter.  The  flavour  is  unfortunately  some- 
what impaired  by  this  process.  The  consistence  of  butter,  in 
other  words,  the  proportion  of  solid  fat  and  olein,  is  dependent 
upon  the  season,  or  more  probably  upon  the  kind  of  food:  in 
summer  the  oily  portion  is  always  more  considerable  (ban  in 
winter.  The  volatile  odoriferous  principle  of  butter,  butyrm,  has 
been  already  referred  to. 

The  casein  of  milk,  in  the  state  of  cheese,  is  in  many  countries 
an  important  article  of  food.  The  milk  is  usually  heated  toabout 
120°  ¥.  (49°  C),  and  coagulated  by  rennet,  or  an  infusion  of  the 
stomach  of  the  calf  in  water:  the  curd  is  carefully  separated  by  a 
sieve  from  the  whey,  mixed  with  a  due  proportion  of  salt,  and 
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sometimes  some  colouring  matter,  and  then  subjected  to  strong 
and  increasing  pressure.  The  fresh  cheese  so  prepared,  being  con- 
stantly kept  cool  and  dry,  undergoes  a  particular  kind  of  putre- 
factive fermentation,  very  little  understood,  whereby  principles 
are  generated  which  communicate  a  particular  taste  and  odour. 
The  goodness  of  cheese,  as  well  as  much  of  the  difference  of 
flavour  perceptible  in  different  samples,  depends  in  great  measure 
upon  the  manipulation:  the  best  kinds  contain  a  considerable 
quantity  of  fat,  and  are  made  with  new  milk :  the  inferior 
descriptions  are  made  with  skimmed  milk. 

Some  of  the  Tartar  tribes  prepare  a  kind  of  spirit  from  milk  by 
suffering  it  to  ferment,  with  frequent  agitation.  The  casein  con- 
verts a  part  of  the  milk-sugar  into  lactic  acid,  and  another  part 
into  grape-sugar,  which  in  turn  becomes  converted  into  alcohol. 
Mare's  milk  is  said  to  answer  better  for  this  purpose  than  that  of 
the  cow. 

In  the  fresh  state,  and  taken  from  a  healthy  animal,  milk  is 
always  feebly  alkaline.  When  left  to  itself,  it  very  soon  becomes 
acid,  and  is  then  found  to  contain  lactic  acid,  which  cannot  be 
discovered  in  the  fresh  milk.  The  alkalinity  is  due  to  the  soda 
which  holds  the  casein  in  solution.  In  this  soluble  form  casein 
possesses  the  power  of  taking  up  and  retaining  a  very  considerable 
quantity  of  calcium  phosphate.  The  density  of  milk  varies 
exceedingly :  its  quality  usually  bears  an  inverse  ratio  to  its 
quantity.  From  an  analysis  of  cow-milk  in  the  fresh  state  by 
Haidlen,  the  following  statement  of  its  composition  in  1000  parts 
has  been  deduced : 


"Water,   873-00 

Butter,   30-00 

Casein,   48-20 

Milk-sugar,   43-90 

Calcium-phosphate,  ....  2-31 

Magnesium     „        ....  0*42 

Iron              „        ...       .       .  0-07 

Potassium  chloride,  .       .       .       .  1*44 

Sodium         „        ....  0-21 

Soda  in  combination  with  casein,     .  0-42 


1000-00 

Human  milk  is  remarkable  for  the  difficulty  with  which  it 
coagulates :  it  generally  contains  a  larger  proportion  of  sugar  than 
cow-milk,  but  scarcely  differs  in  other  respects. 
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NERVOUS  SUBSTANCE  ;  CONTRACTILE  SUBSTANCE  ;  ELASTIC 
TISSUE  ;  SKIN. 

Nervous  Substance. — The  brain  and  nerves  contain  protagon 
(p.  971),  cholesterin,  and  albuminous  matter.  In  the  watery 
extract  are  found  creatine,  uric  acid,  xanthine,  sarcine,  inosite, 
lactic  acid  ;  in  the  ash,  sulphuric  and  phosphoric  salts,  especially 
potassium  salts,  a  little  sodium  chloride,  calcium  and  magnesium. 
The  substance  yields  from  75  to  80  per  cent,  of  water,  and  3  to  4 
of  ash. 

Contractile  Substance. — This,  like  nerve  substance,  consists 
of  many  different  compounds.  It  contains  74  to  80  per  cent, 
water,  and  26  to  20  solid  constituents.  The  most  remarkable  of 
these  is  syntonin,  or  acid  albumin,  Liebig's  fibrin  of  flesh  (see 
p.  959).  Casein,  albumin,  creatine,  hypoxanthine,  uric  acid,  and 
fat  are  also  present.  The  solid  constituents  contain  4  to  5  per 
cent,  of  ash.  Potash,  soda,  lime,  magnesia,  sulphuric,  phosphoric, 
and  hydrochloric  acids  are  present. 

Elastic  tissue ;  Skin. — The  tendons  and  skin  consist  also  of 
many  different  substances.  Of  these  elastin  (see  p.  970)  is  one  of 
the  most  remarkable.  A  cellular  tissue,  which  yields  gelatin 
when  long  boded,  is  another  constituent.  These  two  principles 
combine  with  tannic  acid,  forming  leather. 

The  principle  of  tanning,  of  such  great  practical  value,  is  easily 
explained.  When  the  skin  of  an  animal,  carefully  deprived  of 
hair,  fat,  and  other  impurities,'  is  immersed  in  a  dilute  solution  of 
tannic  acid,  the  cellular  and  elastic  tissues  gradually  combine 
with  that  substance  as  it  penetrates  inwards,  forming  a  perfectly 
insoluble  compound,  which  resists  putrefaction  completely :  this 
is  leather.  In  practice,  lime-water  is  used  for  cleansing  and  pre- 
paring the  skin,  and  an  infusion  of  oak- bark,  or  sometimes  catechu, 
or  other  astringent  matter,  as  the  source  of  tannic  acid.  The 
process  itself  is  necessarily  a  slow  one,  as  ddute  solutions  only 
can  be  safely  used.  Of  late  years,  however,  various  contrivances, 
some  of  which  show  great  ingenuity,  have  been  adopted,  with 
more  or  less  success,  for  quickening  the  operation.  All  leather  is 
not  tanned  :  glove  leather  is  dressed  with  alum  and  common  salt, 
and  afterwards  treated  with  a  preparation  of  the  yolks  of  eggs, 
which  contain  an  albuminous  matter  and  a  yellow  oil.  Leather  ot 
this  kind  still  yields  a  si/,e  by  the  action  of  boiling  water. 

Bones.— At  the  age  of  21  years  the  weight  of  the  skeleton  is  to 
that  of  the  whole  body  as  1();5  to  100  in  man,  and  as  8-5  to  100  in 
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woman,  the  weight  of  the  body  being  about  125  or  130  lbs.  Bones 
are  constructed  of  organic  matter  called  ossein,  which  yields  gelatin 
on  boiling,  and  is  made  stiff  by  insoluble  earthy  salts,  of  "which 
calcium  phosphate,  Ca3"(P04)2,  is  the  most  abundant.  The  pro- 
portions of  earthy  and  animal  matter  vary  very  much  with  the 
kind  of  bone  and  with  the  age  of  the  individual,  as  will  be  seen  in 
the  following  table,  in  which  the  corresponding  bones  of  an  adult 
and  of  a  still-born  child  are  compared  : 


Adult. 


Child. 
 *  


Inorganic 

Organic 

Inorganic 

Organic 

matter. 

matter. 

matter. 

matter. 

Femur, 

.  62-49 

37-51 

57-51 

42-49 

Humerus,  . 

.  63-02 

36-98 

58-08 

41-92 

Eadius, 

.  60-51 

39-49 

56-50 

43-50 

Os  temporum, 

.  63-50 

36-50 

55-90 

44-10 

Costa, 

.  57-49 

42-51 

53-75 

46-25 

The  bones  of  the  adult  are  constantly  richer  in  earthy  salts  than 
those  of  the  infant. 

The  foil  owing  complete  comparative  analysis  of  human  and  ox 
bones  is  due  to  Berzelius  : 


Animal  matter  soluble  by  boiling,  . 
Vascular  substance,  .... 
Calcium  phosphate,  with  a  little  calcium 

fluoride,  

Calcium  carbonate,  . 

Magnesium  phosphate,  .... 

Soda,  and  a  little  common  salt. 


Hiunan  bones. 

.  32-17 
1-13 


53-04 

11-30 
1-16 
1-20 


Ox  bones. 
33-30 

57-35 

3-85 

2-  05 

3-  45 


100-00  100-00 

The  teeth  have  a  very  similar  composition,  but  contain  less 
organic  matter  :  their  texture  is  much  more  solid  and  compact. 
The  enamel  does  not  contain  more  than  2  or  3  per  cent,  of  animal 
matter,  whilst  81  to  88  per  cent,  of  calcium  phosphate  with  7  or 
8  per  cent,  of  carbonate  are  present ;  and  more  calcium  fluoride 
than  in  the  bones. 
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CHEMICAL  FUNCTIONS  IN  ANIMALS. 

RESPIRATION,  DIGESTION,  NUTRITION. 

Respiration. — The  simplest  view  that  can  be  taken  of  a 
respiratory  organ  in  an  air-breathing  animal,  is  that  of  a  little 
membranous  bag,  saturated  with  moisture,  and  containing  air, 
over  the  surface  of  which  meander  minute  blood-vessels,  whose 
contents,  during  the  passage,  are  thus  subjected  to  the  chemical 
action  of  the  air,  through  the  substance  of  the  membranes,  and  in 
virtue  of  the  solubility  of  the  gaseous  matter  itself  in  the  water 
with  which  the  membranes  are  imbued.  In  some  of  the  lower 
classes  of  animals,  where  respiration  is  sluggish  and  inactive,  these 
air-cells  are  few  and  large;  but  in  the  higher  kinds  they  are 
minute,  and  greatly  multiplied  in  number,  in  order  to  gain  extent 
of  surface,  each  communicating  with  the  external  air  by  the  wind- 
pipe and  its  ramifications. 

_  Respiration  is  performed  by  the  agency  of  the  muscles  which 
lie  between  and  about  the  ribs,  and  by  the  diaphragm.  In  an 
ordinary  expiration  from  22  to  43  cubic  inches  of  air  are  thrown 
out.  It  has  been  said  that  as  little  as  3  and  as  much  as  100  cubic 
inches  have  been  expired.  By  a  forced  effort,  ordinarily  from  50 
to  60  cubic  inches  are  expelled,  and  after  a  full  inspiration  possibly 
from  100  to  300  cubic  inches  may  be  expired.  Even  then  the 
lungs  are  not  emptied  of  air.  The  residual  quantity  has  been 
estimated  at  from  40  to  260  cubic  inches.  After  an  ordinary 
expiration  a  further  quantity  of  air,  amounting  to  from  77  to  170 
cubic  inches  may  be  expired,  and  after  an  ordinary  inspiration,  by 
the  deepest  sigh,  from  119  to  200  more  cubic  inches  may  be  drawn 
into  the  lungs.  Usually  about  15  respirations  are  made  in  a 
minute  ;  the  number,  however,  even  in  health,  varies  from  9  to  20. 

The  expired  air  is  found  to  have  undergone  a  remarkable 
change ;  it  is  loaded  with  aqueous  vapour,  while  a  very  large  pro- 
portion of  oxygen  has  disappeared,  and  its  place  supplied  by 
carbon  dioxide,  air  once  breathed  containing  enough  of  that  gas 
to  extinguish  a  taper.  The  quantity  of  this  gas  is  very  liable  to 
variation;  usually  from  33  to  6'2  percent,  of  carbon 'dioxide  is 
found  to  be  present;  when  the  respirations  are  few,  the  carbon 
dioxide  is  greatest,  when  many,  least;  thus  with  6  respirations 
per  minute,  5"5  per  cent,  has  been  round  ;  with  48  respirations, 
2*9  per  cent.  A  full  meal, cold  weather,  and  increased  barometric 
pressure,  increase  the  carbon  dioxide.  Heat,  alcohol,  tea,  and 
diminished  pressure,  lessen  the  carbon  dioxide;  age  and  sex  pro- 
duce definite  effects.  It  appears  most  probable  that  nitrogen  in 
small  quantities  is  exhaled. 
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Whatever  may  be  the  difficulties  attending  the  investigation  of 
these  subjects, — and  difficulties  there  are,  as  the  discrepant  results 
of  the  experiments  prove, — one  thing  is  clear,  namely,  that  quan- 
tities of  hydrogen  and  carbon  are  daily  oxidised  in  the  body  by 
the  free  oxygen  of  the  atmosphere,  and  their  products  expelled 
from  the  system  in  the  shape  of  water  and  carbon  dioxide.  Now, 
if  it  be  true  that  the  heat  developed  in  the  act  of  combination  is  a 
constant  quantity,  and  no  proposition  appears  more  reasonable, 
part  or  all  of  the  high  temperature  of  the  body  must  be  the  result 
of  this  exertion  of  chemical  force. 

The  oxidation  of  combustible  matter  in  the  blood  is  effected  in 
the  capillaries  of  the  whole  body,  not  in  the  lungs,  the  tempera- 
ture of  which  scarcely  exceeds  that  of  the  other  parts.  The  oxygen 
of  the  air  is  taken  up  in  the  lungs,  and  carried  by  the  blood  to  the 
distant  capillary  vessels ;  by  the  aid  of  which,  secretions,  and  all 
the  mysterious  functions  of  animal  life,  are  undoubtedly  per- 
formed ;  here  the  combustion  takes  place, ,  although  how  this 
happens,  and  what  the  exact  nature  of  the  combustible  may  be, 
beyond  the  simple  fact  of  its  containing  carbon  and  hydrogen,  yet 
remains  a  matter  of  conjecture.  The  carbon  dioxide  produced  is 
held  in  solution  by  the  now  venous  blood,  and  probably  confers, 
in  great  measure,  upon  the  latter  its  dark  colour  and  deleterious 
action  upon  the  nervous  system.  Once  more  poured  into  the 
heart,  and  by  that  organ  driven  into  the  second  set  of  capillaries 
bathed  with  atmospheric  air,  this  carbon  dioxide  is  conveyed  out- 
wards, through  the  wet  membrane,  by  a  kind  of  false  diffusion, 
constantly  observed  under  such  circumstances ;  while  at  the  same 
time  oxygen  is,  by  similar  means,  carried  inwards,  and  the  blood 
resumes  its  bright-red  colour,  and  its  capability  of  supporting  life. 
Much  of  this  oxygen  is,  no  doubt,  simply  dissolved  in  the  serum. 
The  haemoglobin  of  the  corpuscles,  becoming  oxyhaenioglobin  in 
the  arteries,  acts  as  a  earner  of  another  portion  (p.  964).  Mulder 
considers  the  fibrin  to  act  in  the  same  manner,  being  true  fibrin  in 
the  veins,  and,  in  part  at  least,  oxidised  in  the  arteries. 

It  would  be  very  desirable  to  show,  if  possible,  that  the  quantity 
of  combustible  matter  daily  burned  in  the  body  is  adequate  to  the 
production  of  the  heating  effects  observed.  Something  has  been 
done  with  respect  to  the  carbon.  Comparison  of  the  quantities 
and  composition  of  the  food  consumed  by  an  individual  in  a  given 
time,  and  of  the  excretions,  shows  an  excess  of  carbon  in  the 
former  over  the  latter,  amounting,  in  some  cases,  according  to 
Liebig's  high  estimate,*  to  14  ounces;  the  whole  of  which  is 
thrown  off  in  the  state  of  carbon  dioxide,  from  the  lungs  and  skin, 
in  the  space  of  twenty-four  hours.  This  statement  applies  to  the 
case  of  healthy,  vigorous  men,  much  employed  in  the  open  air, 
and  supplied  with  abundance  of  nutritious  food.  Females,  and 
persons  of  weaker  habits,  who  follow  in-door  pursuits  hi  warm 
*  Animal  Chemistry,  p.  14. 


RESPIRATION.  993 

rooms,  consume  a  much  smaller  quantity ;  their  respiration  is 
less  energetic,  and  the  heat  generated  less  in  amount.  Those  who 
inhabit  very  cold  countries  are  well  known  to  consume  enormous 
quantities  of  food  of  a  fatty  nature,  the  carbon  and  hydrogen  of 
which  are,  without  doubt,  chiefly  employed  in  the  production 
ot  animal  heat.  These  people  live  by  hunting;  the  muscular 
exertion  required  quickens  and  deepens  the  breathing:  while 
from  the  increased  density  of  the  aii-,  a  greater  weight  of  oxygen 
is  taken  into  the  lungs,  and  absorbed  into  the  blood  at  each  in- 
spiration. In  this  manner  the  temperature  of  the  body  is  kept 
up,  notwithstanding  the  piercing  external  cold. 

The  carbon  consumed  in  respiration  in  one  day,  by  a  horse 
moderately  fed,  amounted,  in  a  valuable  experiment  of  Boussiii- 
gautt,  to  79  ounces  ;  that  consumed  by  a  cow  to  71  ounces  The 
determination  was  made  in  the  manner  just  mentioned  viz  by 
comparing  the  quantify  and  composition  of  the  food  ' 

New  and  very  important  experiments  on  respiration  have  been 
made  m  Munich  by  Drs  Pettenkofer  and  Voit.  The  apparatus 
which  they  used  was  large  enough  to  allow  a  man  to  breathe  and 
move  as  in  an  ordinary  dwelling-room  for  twenty-four  hours  at 
least.  The  air  could  be  changed  to  the  extent  of  from  fifteen  to 
seventy-five  cubic  meters  an  hour:  the  chemical  difference  be- 
tween the  air  that  went  in  and  that  which  came  out  was  deter- 
mined Hie  King  of  Bavaria  gave  about  ^600  for  the  construc- 
tion of  the  apparatus,  and  it  acted  so  well  that  the  quantity  of 
carbon  and  of  hydrogen  in  a  stearin  candle  burnt  in  the  apparatus 
could  be  determined  as  accurately  by  the  quantity  of  carbon  dioxide 
and  water  produced,  as  by  an  organic  analysis. 

A  dog  and  a  man  were  experimented  on.  In  the  do<*  the 
amount  of  carbon  dioxide  expired  was  least  after  ten  days  of 
hunger  :  when  a  full  diet  of  flesh  and  fat  was  taken,  three  times 
as  much  carbon  dioxide  was  produced.  The  urea  was  increased 
twenty-two  times  as  much  as  during  starvation. 

In  man  not  quite  one-third  more  carbon  dioxide  was  produced 
when  tufl  diet  was  taken  than  was  found  during  starvation 

from  the  amount  of  carbon  dioxide  and  urea  formed  when 
animal  food  alone  was  taken,  it  appears  that  some  fatty  matter 
must  be  produced  and  retained  in  the  system. 

Starch  and  sugar  diet  do  not  appear  to  cause  a  deposit  of  fat 
directly,  though  they  may  do  so  indirectly. 

Careful  determination  of  the  amount  and  composition  of  the 
"o.l  and  oxygen  consumed  led  to  the  belief  that  hydrogen  and 
tight  carhuretted  hydrogen  (CH4),  were  given  off  in  respiration. 

tully  confirmed  by  these  experiments.  It  follows  from 
tnis  important  fact,  first,  that  the  carbon  dioxide  produced  cannot 
be  looked  on  as  the  measure  of  the  amount  of  oxygen  taken  from 
the  arr  ;  and  secondly,  that  hydrogen  cannot  be 'assumed  to  be 
oxidised  m  the  body  in  preference  to  carbon. 

3  it 
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In  a  paper  read  to  the  Academy  of  Sciences  of  Munich,  Novem- 
ber 1866,  the  authors  give  their  latest  results.  They  find  that  the 
proportion  of  carbon  dioxide  exhaled  to  oxygen  inhaled  is  much 
greater  in  the  clay  than  in  the  night ;  with  perfect  rest  day  and 
night,  nearly  twice  as  much  ;  with  active  motion  during  the  day, 
nearly  three  times  as  much.  The  amount  of  oxygen  taken  in 
during  rest  by  day  is  only  half  as  much  as  is  taken  in  at  night, 
and  aiter  active  motion  the  amount  of  oxygen  taken  in  at  night 
is  still  more.  In  diabetes  the  proportion  of  carbon  dioxide  ex- 
haled by  day  to  the  oxygen  inhaled  is  less  than  in  health  ;  at  night 
the  amount  of  oxygen  inhaled  may  be  less  than  half  the  amount 
that  would  be  inhaled  in  health.  "When  one-third  of  the  blood 
consisted  of  white  globules,  the  proportion  of  carbon  dioxide 
exhaled  to  oxygen  inhaled  by  day  was  much  less  than  in  health, 
and  the  amount  of  oxygen  taken  in  at  night  was  even  less  than 
is  taken  in  during  the  day. 

Digestion  and  Nutrition— The  various  substances  of 
which  the  food  of  man  is  composed  must  become  finely  divided 
in  order  to  admit  of  their  passage  into  the  blood.  In  the  process 
of  firje  division  or  solution  different  substances  undergo  different 
changes  in  the  alimentary  canal.  We  learn  nothing  by  saying 
that  the  food  is  converted  into  chyme,  and  the  chyme  is  changed 
into  chyle ;  but  each  animal  and  vegetable  substance  must  be 
considered  separately,  as  regards  the  changes  it  undergoes  when 
exposed  to  the  action  of  the  different  fluids  which  constitute 
the  saliva,  gastric  juice,  bile,  pancreatic  juice,  and  intestinal 
fluid. 

Shortly,  it  may  be  stated  that  mineral  substances,  when  exposed 
to  these  reagents,  are  but  little  changed. 

Hydrates  of  carbon,  as  cellulose,  gum,  starch,  sugar,  are  each 
acted  on  differently  by  different  secretions  ;  thus  cellulose  and 
gum  are  probably  not  changed.  Starch,  by  the  action  of  the 
saliva  and  pancreatic  fluid,  becomes  dextrin  and  glucose.  Cane 
sugar  is  changed  by  gastric  juice  and  heat  into  glucose,  and  all 
sugars  are  ultimately  changed  by  the  intestinal  fluid  and  heat 
into  acids. 

Pat  is  unchanged  by  the  saliva  and  gastric  juice  ;  but  the  bile, 
the  pancreatic  and  intestinal  fluid,  change  the  fat  into  a  finely 
divided  emulsion,  but  effect  no  perfect  solution. 

Albuminous  substances,  as  albumin,  fibrin,  casein,  globulin, 
undergo  subdivision  and  solution  chiefly  in  the  stomach.  All 
these  'substances  are  chemically  changed  in  the  process  of  solu- 
tion by  the  gastric  juice  (p.  981)  into  corresponding  peptones.  The 
rate  of  change  and  of  solution  depends  on  the  mechanical  sub- 
division as  well  as  on  the  chemical  properties  of  the  different 
substances  acted  on. 

Gelatinous  substances  are  changed  chemically  by  the  gastric 
juice,  and  thereby  lose  the  property  of  gelatinizing  when  cold. 
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But  this  change  is  not  requisite  to  their  solution,  which  occurs  so 
readily  that  these  substances  can  often  be  taken  as  food  when 
albuminous  substances  would  remain  in  the  stomach  undissolved. 

The  constant  and  unceasing  waste  in  the  animal  body  in  the 
process  of  respiration,  and  in  the  various  secondary  changes  there- 
with connected,  necessitates  an  equally  constant  repair  and  renewal 
of  the  whole  frame  by  the  deposition  or  organisation  of  matter 
from  the  blood,  which  is  thus  gradually  impoverished.  To  supply 
this  deficiency  of  solid  material  in  the  circulating  fluid  is  the  office 
of  the  food.  The  striking  contrast  which  at  first  appears  in  the 
nature  of  the  food  of  the  two  great  classes  of  animals,  the  vegetable 
feeders  and  the  carnivorous  races,  diminishes  greatly  on  close 
examination :  it  will  be  seen  that,  so  far  as  the  materials  of  blood, 
or,  in  other  words,  those  devoted  to  the  repair  and  sustenance  of 
the  body  itself,  are  concerned,  the  process  is  the  same.  In  a  fiesh- 
eating  animal  great  simplicity  is  observed  in  the  construction  of 
the  digestive  organs ;  the  stomach  is  a  mere  enlargement  of  the 
short  and  simple  alimentary  canal ;  and  the  reason  is  plain :  the 
food  of  the  creature,  flesh,  is  absolutely  identical  in  composition 
with  its  own  blood,  and  with  the  body  that  blood  is  destined  to 
nourish.  In  the  stomach  it  undergoes  m  ere  solution,  being  brought 
into  a  state  fitted  for  absorption  by  the  lacteal  vessels,  by  which 
it  is  nearly  all  taken  up,  and  at  once  conveyed  into  the  blood : 
the  excrements  of  such  animals  are  little  more  than  the  com- 
minuted bones,  feathers,  hah',  and  other  matters  which  refuse  to 
dissolve  in  the  stomach.  The  same  condition,  that  the  food 
employed  for  the  nourishment  of  the  body  must  have  the  same, 
or  nearly  the  same,  chemical  composition  as  the  body  itself,  is 
really  fulfilled  in  the  case  of  animals  that  live  exclusively  on 
vegetable  substances.  Certain  of  the  azotised  principles  of  plants, 
which  often  abound,  and  are  never  altogether  absent,  have  a 
chemical  composition  and  assemblage  of  properties  which  assimi- 
late them  in  the  closest  manner,  and  it  is  believed  even  identify 
them,  with  the  azotised  principles  of  the  animal  body:  vegetable 
albumin,  fibrin,  and  casein  are  scarcely  to  be  distinguished  from 
the  bodies  of  the  same  name  extracted  from  blood  and  milk. 

If  a  portion  of  wheaten  flour  be  made  into  a  paste  with  water, 
and  cautiously  washed  on  a  fine  metallic  sieve,  or  in  a  cloth,  a 
greyish,  adhesive,  elastic,  insoluble  substance  will  be  left,  called 
gluten,  and  a  milky  liquid  will  pass  through,  which,  by  a  few  hours' 
rest  becomes  clear  by  depositing  a  quantity  of  starch.  If  now  this 
liquid  be  boiled,  it  becomes  again  turbid  from  the  production  of 
a  Hocculent  precipitate,  which,  when  collected,  washed,  dried,  and 
purified  from  fat  by  boiling  with  ether,  is  found  to  have  the  same 
composition  as  animal  albumin.  The  gluten  itself  is  a  mixture  of 
true  vegetable  fibrin,  and  a  small  quantity  of  a  peculiar  azotised 
matter  called  gfoitm,  gUadm,  or  vegetable  gelatin,  to  which  its 
adhesive  properties  are  due.    The  gliadin  may  be  extracted  by 


V 


996  DIGESTION  AND  NUTRITION. 

boiling  alcohol,  together  with  a  thick,  fluid  oil,  which  is  separable 
by  ether :  it  is  gluey  and  adhesive,  quite  insoluble  in  water,  and 
when  dry,  hard  and  translucent  like  horn ;  it  dissolves  readily  in 
dilute  caustic  alkali,  and  also  in  acetic  acid.  The  fibrin  of  other 
grain  is  unaccompanied  by  gliadin:  barley  and  oatmeal  yield  no 
glutin,  but  inadherent  filaments  of  nearly  pure  fibrin. 

Vegetable  albumin  in  a  soluble  state  abounds  in  the  juice  of 
many  soft  succulent  plants  used  for  food:  it  may  be  extracted 
from  potatoes  by  macerating  the  sliced  tubers  in  cold  water  con- 
taining a  little  sulphuric  acid.  It  coagulates  when  heated  to  a 
temperature  dependent  upon  the  degree  of  concentration,  and 
cannot  be  distinguished  when  in  this  state  from  boiled  white  of 
egg  in  a  divided  condition. 

Almonds,  peas,  beans,  and  many  of  the  oily  seeds,  contain  a 
principle  which  bears  the  most  striking  resemblance  to  the  casein 
of  milk.  When  a  solution  of  this  substance  is  heated,  no  coagula- 
tion occurs,  but  a  skin  forms  on  the  surface,  just  as  with  boiled 
milk.  It  is  coagulable  by  alcohol,  and  by  acetic  acid,  the  last 
being  a  character  of  importance.  Such  a  solution,  mixed  with  a 
little  sugar — an  emulsion  of  sweet  almonds,  for  instance — and  left 
to  itself,  soon  becomes  sour  and  curdy,  and  exhales  an  offensive 
smell :  it  is  then  found  to  contain  lactic  acid. 

All  these  substances  dissolve  in  caustic  potash,  with  production 
of  a  small  quantity  of  alkaline  sulphide:  the  filtered  solution 
mixed  with  excess  of  acid  gives  precipitates  of  albuminate. 

The  following  is  the  composition  in  100  parts  of  vegetable 
albumin  and  fibrin :  it  will  be  seen  that  they  agree  very  closely 
with  the  results  before  given : 

Albumin.  Fibrin. 

Carbon,   55-01  54-60 

Hydrogen,        .       .       .       .        7-23  7'30 

Nitrogen,  15-92  15-81 

Oxygen,  sulphur,  and  phosphorus,    21-84  22*29 

100-00  100-00 

The  composition  of  vegetable  casein,  or  legumin,  has  not  been 
so  well  made  out :  so  much  discrepancy  appears  in  the  analyses  as 
to  lead  to  the  supposition  that  different  substances  have  been 
operated  upon. 

The  great  bulk,  however,  of  the  solid  portion  of  the  food  of  the 
herbivora  consists  of  bodies  which  do  not  contain  nitrogen,  and 
therefore  cannot  yield  sustenance  in  the  manner  described  :  some 
of  these,  as  vegetable  fibre  or  lignin.  and  waxy  matter,  pass  unal- 
tered through  the  alimentary  canal ;  others,  as  starch,  sugar,  gum, 
and  perhaps  vegetable  fat,  are  absorbed  into  the  system,  and  after- 
wards disappear  entirely:  they  are  supposed  to  contribute  very 
largely  to  the  production  of  animal  heat. 
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On  these  principles,  Liebig  made  the  now  doubtful  distinction 
between  what  he  terms  plastic  elements  of  nutrition  and  elements  of 
respiration.  In  the  former  class  he  placed  :  Vegetable  jibrin, 
Vegetable  albumin,  Vegetable  casein,  Animal  flesh,  Blood.  In  the 
latter:  Fat,  Starch,  Gum,  Cane-sugar,  Gmpe-sugar,  Milk-sugar, 
Pectin,  Alcohol? 

When  the  muscular  movements  of  a  healthy  animal  are  re- 
strained, a  genial  temperature  kept  up,  and  an  ample  supply  of 
food  containing  much  amylaceous  or  oily  matter  given,  an  accumu- 
lation of  fat  in  the  system  rapidly  takes  place :  this  is  well  seen  in 
the  case  of  stall-fed  cattle.  On  the  other  hand,  when  food  is 
deficient,  and  much  exercise  is  taken,  emaciation  results.  These 
effects  are  ascribed  to  differences  in  the  activity  of  the  respiratory 
function :  in  the  first  instance,  the  heat-food  is  supplied  faster  than 
it  is  consumed,  and  hence  accumulates  in  the  form  of  fat;  in  the 
second,  the  conditions  are  reversed,  and  the  creature  is  kept  in  a 
state  of  leanness  by  its  rapid  consumption.  The  fat  of  an  animal 
appears  to  be  a  provision  of  Nature  for  the  maintenance  of  life 
during  a  certain  period  under  circumstances  of  privation. 

The  origin  of  fat  in  the  animal  body  was  at  one  time  the  subject 
of  much  discussion.  On  the  one  hand  it  was  contended  that  satis- 
factory evidence  exists  of  the  conversion  of  starch  and  saccharine 
substances  into  fat,  by  separation  of  carbon  and  oxygen,  the  change 
somewhat  resembling  that  of  vinous  fermentation :  it  was  argued 
on  the  other  side,  that  oily  or  fatty  matter  is  invariably  present 
in  the  food  supplied  to  the  domestic  animals,  and  that  this  fat  is 
merely  absorbed  and  deposited- in  the  body  in  a  slightly  modified 
state.  The  question  has  been  decided  in  favour  of  the  first  of  these 
views,  which  was  enunciated  by  Liebig,  by  the  very  chemist  who 
formerly  advocated  the  second  opinion.  By  a  series  of  very  beautiful 
experiments,  MM.  Dumas  and  Milne  Edwards  proved  that  bees 
exclusively  feeding  upon  sugar  were  still  capable  of  producing 
wax,  which  is  known  to  be  a  veritable  fat. 

The  food  of  animals,  or  rather  that  portion  of  the  food  which  is 
destined  to  the  repair  and  renewal  of  the  frame  itself,  is  thus  seen 
to  consist  of  substances  identical  in  composition  with  the  body  it 
is  to  nourish,  or  requiring  but  little  chemical  change  to  become  so. 

The  chemical  phenomena  observed  in  the  animal  system  re- 
semble so  far  those  produced  out  of  the  body  by  artificial  means, 
that  fchey  are  all,  or  nearly  all,  so  far  as  is  known,  changes  in  a 
descending  series.  Albumin  and  fibrin  are  probably  more  com- 
plex compounds  than  gelatin  or  the  membrane  which  furnishes 
it :  this,  in  turn,  has  a  far  greater  complexity  of  constitution  than 
urea,  which  contains  most  of  the  azotised  matter  that  is  rejected 
from  the  bodv.  The  animal  lives  by  the  assimilation  into  its  own 
substance  of' the  most  complex  and  elaborate  products  of  the 
organic  kingdom  ;— products  which  are,  and,  apparently,  can  only 
be,  formed  under  the  influence  of  vegetable  life. 
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The  existence  of  the  plant  is  maintained  iu  a  manner  strikingly 
dissimilar : — the  food  supplied  to  vegetables  is  wholly  inorganic; 
tbe_  carbon  dioxide  and  nitrogen  of  the  atmosphere ;  the  water 
which  falls  as  rain,  or  is  deposited  as  dew ;  the  minute  traces  of 
ammoniacal  vapour  present  in  the  air ;  the  alkaH  and  saline  matter 
extracted  from  the  soil ; — such  are  the  substances  which  yield  to 
plants  the  elements  of  their  growth.  That  green  healthy  vege- 
tables do  possess,  under  circumstances  to  be  mentioned  immedi- 
ately, the  property  of  decomposing  carbon  dioxide  absorbed  by 
their  leaves  from  the  air,  or  conveyed  thither  in  solution  through 
the  medium  of  their  roots,  is  a  fact  established  by  direct  experi- 
ment. To  effect  this  very  remarkable  decomposition,  the  influence 
of  light  is  indispensable ;  the  diffused  light  of  day  suffices  in  some 
degree,  but  the  direct  rays  of  the  sun  greatly  exalt  the  activity  of 
the  process.  The  carbon  separated  in  this  manner  is  retained  in 
the  plant  in  union  with  the  elements  of  water,  with  which  nitro- 
gen is  also  sometimes  associated,  while  the  oxygen  is  thrown  off 
into  the  air  from  the  leaves  in  a  pure  and  gaseous  condition. 

The  effect  of  ammoniacal  salts  upon  the  growth  of  plants  is 
so  remarkable  as  to  leave  little  room  for  doubt  concerning  the 
peculiar  functions  of  the  ammonia  in  the  air.  Plants  which  in 
their  cultivated  state  contain,  and  consequently  require,  a  large 
supply  of  nitrogen,  as  wheat,  and  the  cereals  in  general,  are  found 
to  be  greatly  benefited  by  the  application  to  the  land  of  such  sub- 
stances as  putrefied  urine,  which  may  be  looked  upon  as  a  solution 
of  ammonium  carbonate,  or  of  guano,  which  is  the  partially  de- 
composed dung  of  birds,  found  in  immense  quantities  on  some  of 
the  barren  islets  of  the  western  coast  of  South  America,  as  that  of 
Peru  (p.  931). 

Upon  the  members  of  the  vegetable  kingdom  thus  devolves  the 
duty  of  building  up,  as  it  were,  out  of  the  inorganic  constituents  of 
the  atmosphere, — the  carbon  dioxide,  the  water,  and  the  ammonia, 
— the  numerous  complicated  organic  principles  of  the  perfect  plant, 
many  of  which  are  afterwards  destined  to  become  the  food  of 
animals,  and  of  man.  The  chemistry  of  vegetable  life  is  essentially 
a  process  of  reduction  caused  by  the  action  of  light,  but  the  mode 
in  which  this  is  affected  is  at  present  by  no  means  made  out.  One 
thing,  however,  is  manifest,  namely,  the  wonderful  relations  be- 
tween the  two  orders  of  organised  beings,  in  virtue  of  which  the 
rejected  and  refuse  matter  of  the  one  is  made  to  constitute  the 
essential  and  indispensable  food  of  the  other.  While  the  animal 
lives,  it  exhales  incessantly  from  it  lungs,  and  often  from  its  skin, 
carbon  dioxide ;  when  it  dies,  the  soft  parts  of  the  body  undergo  a 
series  of  chemical  changes  of  degradation,  which  terminate  in  the 
production  of  carbon  dioxide,  water,  ammonium  carbonate,  and, 
perhaps,  other  products  in  small  quantity.  These  are  taken  up 
by  a  fresh  generation  of  plants,  which  may  in  their  turn  serve  for 
food  to  another  race  of  animals. 
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HYDROMETER  TABLES. 


COMPARISON  OF  THE  DEGREES  OF  BAUME's  HYDROMETER  WITH  THE 
REAL  SPECIFIC  GRAVITIES. 


1.  For  Liquids  heavier  than  Water. 


Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

Dcgrc6s. 



Specific 
Gravity. 



0 



1-000 

26 

1-206 

52 

1  -520 

1 

1-007 

27 

1-216 

53 

1-535 

2 

1-013 

28 

1-225 

54 

1-551 

3 

1-020 

29 

1-235 

55 

1-567 

4 

1-027 

30 

1-245 

56 

1-583 

5 

1  -034 

31 

1-256 

57 

1-600 

6 

1-041 

32 

1-267 

58 

1-617 

7 

1-048 

33 

1-277 

59 

1-604 

8 

1  -056 

34 

1-288 

60 

1-652 

9 

1-063 

35 

1-299 

61 

1-670 

10 

1-070 

36 

1-310 

62 

1-689 

11 

1-078 

37 

1-321 

63 

1-708 

12 

1-085 

38 

1-333 

64 

1-727 

13 

1-094 

39 

1-345 

65 

1-747 

14 

1-101 

40 

1-357 

66 

1-707 

15 

1-109 

41 

1-369 

67 

1-788 

16 

1-118 

42 

1  -381 

68 

1-80!) 

17 

1-126 

43 

1-395 

69 

1-831 

18 

1-134 

44 

1-407 

70 

1  -854 

19 

1143 

45 

1-420 

71 

1 -S77 

20 

1-152 

46 

1-434 

72 

1-900 

21 

1-160 

47 

1-448 

73 

1-924 

22 

1-169 

48 

1-462 

74 

1-949 

23 

1-178 

49 

1-476 

75 

1-974 

24 

1-188 

j  50 

1-490 

76 

2-000 

25 

1-197 

51 

1-495 

1000 
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Baumes  Hydrometer  for  Liquids  Lighter  than  Water. 


Degrees. 

Specific 
Gravity. 

Degrees. 

Specific 
Gravity. 

Degrees 

Specific 
Gravity. 

10 

1-000 

27 

0-896 

44 

0-811 

11 

0-993 

28 

0-890 

45 

O  OU  / 

12 

0-986 

29 

0-S85 

46 

0-802 

13 

0-980 

30 

0-880 

47 

0-798 

14 

0-973 

31 

0-874 

48 

0-794 

15 

0-967 

32 

0-869 

49 

0-789 

16 

0-960 

33 

0-864 

50 

0-785 

17 

0-954 

34 

0-859 

51 

0-781 

18 

0-948 

35 

0-854 

52 

0-777 

19 

0-942 

36 

0-849 

53 

0-773 

20 

0-936 

37 

0-844 

54 

0-768 

21 

0-930 

38 

0-839 

55 

0-764 

22 

0-924 

39 

0-834 

56 

0-760 

23 

0-918 

40 

0-830 

57 

0-757 

24 

0-913 

41 

0-825 

58 

0-753 

25 

0-907 

42 

0-820 

59 

0-749 

26 

0-901 

43 

0-816 

60 

0-745 

These  two  tables  are  on  the  authority  of  Francceur  :  they  are  taken 
from  the  Handw'drterhueh  der  Ghemie  of  Liebig,  PoggendorfF  and 
Wohler.  Baume's  hydrometer  is  very  commonly  used"  on  the  Con- 
tinent, especially  for  liquids  heavier  than  water.  For  lighter  liquids 
the  hydrometer  of  Cartier  is  often  employed  in  France.  Carrier's 
degrees  differ  but  little  from  those  of  Baume. 

In  the  United  Kingdom,  Twaddell's  hydrometer  is  a  good  deal  used 
for  dense  liquids.  This  instrument  is  so  graduated  that  the  real  specific 
gravity  can  be  deduced  by  an  extremely  simple  method  from  the 
degree  of  the  hydrometer  ;  namely,  by  multiplying  the  latter  by  5,  and 
adding  1 000  ;  the  sum  is  the  specific  gravity,  water  being  1000.  Thus 
10°  Twaddell  indicates  a  specific  gravity  of  1050,  or  1  -05 ;  90°  Twaddell 
1450,  or  1-45. 

In  the  Customs  and  Excise,  Silces's  hydrometer  is  used. 
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of  regnault's  table  of  the  maximum  tension  of  water-vapour, 
at  different  temperatures,  expressed  in  millimeters  of 

MERCURY. 


Temperature. 

Tension, 
millimeters. 

Temperature. 

Tension, 

Tnilli  in  pt"iai'Q 

1 1  1  1  l  ll  1  1        1 1.  1  Oi 

09°  ri 

0-320 

100°  C. 

760-000 

OK) 

0'386 

105 

906-410 

9^ 

q-605 

110 

1075-370 

90 

0-927 

115 

1269-410 

10 

I  -400 

120 

1491-280 

1  f\ 
1  U 

Ji  wo 

125 

1743-880 

0 

5-119 

130 

2030-280 

0 

4-600 

135 

2353-730 

+  5 

6-534 

140 

2717-630 

10 

9-165 

145 

3125-55 

15 

12-699 

150 

3581-23 

20 

17-391 

155 

4088-56 

25 

23-550 

160 

4651-62 

30 

31-548 

165 

5274-54 

35 

41-327 

170 

5961-66 

40 

54-906 

175 

6717-43 

45 

71-391 

180 

7546-39 

50 

91-982 

185 

8453-23 

55 

117-478 

190 

9442-70 

60 

148-791 

195 

10519-63 

65 

186-945 

200 

11688-96 

70 

233-093 

205 

12955-66 

75 

288-517 

210 

14324-80 

80 

35  4-643 

215 

15801-33 

85 

433-041 

220 

17390-86 

90 

525-450 

225 

L9097-04 

95 

633-778 

230 

20926-40 
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OF  THE  PROPORTION  BY  WEIGHT  OF  ABSOLUTE  OR  REAL  ALCOHOL  IN 
100  PARTS  OF  SPIRITS  OF  DIFFERENT  SPECIFIC  GRAVITIES  (FOWNES). 


Sp.  Gr.  at  60°  F. 
(15  5°  C.) 

Per- 
centage 
of  real 
Alcohol. 

Sp.  Gr.  at  fi0°  F. 
(15*5°  C.) 

Per- 
centage 
of  real 
Alcohol. 

Sp.  Gr.  at  60°  F. 
(15-5°  C.) 

Per- 
centage 
of  real 
Alcohol 

0-9991 

0-5 

0-9511 

34 

0-8769 

68 

0-9981 

1 

0-9490 

35 

0-8745 

69 

0-9965 

2 

0-9470 

36 

0-8721 

70 

0-9947 

3 

0-9452 

37 

0-8696 

71 

0-9930 

4 

0-9434 

38 

0-8672 

72 

0-9914 

5 

0-9416 

39 

0-8649 

73 

0-9898 

6 

0-9396 

40 

0-8625 

74 

0-9884 

7 

0-9376 

41 

0-8603 

75 

0-9869 

8 

0-9356 

42 

0-8581 

76 

0-9855 

9 

0-9835 

43 

0-8557 

77 

0-9841 

10 

C-9314 

44 

0-8533 

78 

0-9828 

11 

0-9292 

45 

0-8508 

79 

0-9815 

12 

0-9270 

46 

0-8483 

80 

0-9802 

13 

0-9249 

47 

0-8459 

81 

0-9789 

14 

0-9228 

48 

0-8434 

82 

0-9778 

15 

0-9206 

49 

0-8408 

83 

0-9766 

16 

0-9184 

50 

0-8382 

84 

0-9753 

17 

0-9160 

51 

0-8357 

85 

0-9741 

18 

0-9135 

52 

0-8331 

86 

0-9728 

19 

0-9113 

53 

0-8305 

87 

0-9716 

20 

0-9090 

54 

0-8279 

88 

0-9704 

21 

0-9069 

55 

0-8254 

89 

0-9691 

22 

0-9047 

56 

0-8228 

90 

0-9678 

23 

0-9025 

57 

0-8199 

91 

0-9665 

24 

"0-9001 

58 

0-8172 

92 

0-9652 

25 

0-8979 

59 

0-8145 

93 

0-9638 

26 

0-8956 

60 

0-8118 

94 

0-9623 

27 

0-8932 

61 

0-8089 

95 

0-9609 

28 

0-8908 

62 

0-8061  " 

96 

0-9593 

29 

0-8886 

63 

0-8031 

97 

0-9578 

30 

0-8863 

64 

0-8001 

98 

0-9560 

31 

0-8840 

65 

0-7969 

99 

0-9544 

32 

0-8816 

66 

0-793S 

100 

0-9528 

33 

0-8793 

67 
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OF  THE  PROPORTION  BY  VOLUME  OF  ABSOLUTE  OR  REAL  ALCOHOL  IN 
100  VOLUMES  OF  SPIRITS  OF  DIFFERENT  SPECIFIC  GRAVITIES  (GAY- 
LUSSAC)  AT  59°  F.  (15°  C). 


100  vol.  Spirits. 

100  vol.  Spirits. 

100  vol.  Spirits. 
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Opct.  Vjlot. 

vol.  of 
real 
Alcohol. 

Spec.  Grav. 

vol.  of 
real 
Alcohol. 

Spec.  Grav. 

vol.  of 
real 
Alcohol. 
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13 
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50 
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84 
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17 
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51 
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85 
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18 

0-9309 

52 

0-8472 

86 

0-9773 

19 

0-9289 

63 
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87 

0-9763 

20 

0-9269 

54 
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88 

0-9753 

21 

0-9248 

55 
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89 
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22 
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56 
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90 
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23 
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57  . 
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91 
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24 

0-9185 

58 

0-8278 

92 

0-9711 

25 

0-9163 

59 

0-8242 

93 

0'9700 

26 
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60 
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94 

0.9090 

27 
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61 
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95 
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28 
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62 

0-8128 

96 

0-9668 

29 

0-9073 

93 

0  8086 

97 

0  9657 

30 

0-9050 

64 

0-8042 

98 

0-9645 

31 

0-9027 

65 

0-8006 

99 

0-9633 

32 

0-9004 

66 

0-7917 

100 

0-9621 

33 

0-8980 

67 

1004 


APPENDIX. 


WEIGHTS  AND  MEASUKES. 


480    grains  Troy  =  1  oz.  Troy. 

437 '5  =1  oz.  Avoirdupois. 

7000  .,         =  1  lb.  Avoirdupois. 

5760  ,,         =  1  lb.  Troy. 


The  imperial  gallon  contains  of  water  at  62°  F.  (16|°  C.)  70,000  grains. 

The  pint  (i  of  gallon)   8,750  ,, 

The  fluid  ounce  (4$  of  pint)   437 '5  ,, 

The  pint  equals  34 '56  cubic  inches. 
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TABLE 

FOR  CONVERTING  DEGREES  OF  THE  CENTIGRADE  THERMOMETER  INTO 
DEGREES  OF  FAHRENHEIT'S  SCALE. 


Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 

Centigrade. 

Fahrenheit. 
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Absorption  of  gases 
Absorption  spectra 
Acotal  . 
Aoetamide 
Acetates,  metallic 
Acetic  acid,  manu- 
facture of      .  C72 
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Acetone        .       .  753 
determination  of  va- 
pour-density of  49 
Acetonitrile  .       .  8.36 
Acetophenone      .  843 
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Acetyl  chloride     .  679 
Acetylene      .       166,  559 
Acid,  acetic   .       .  671 
acetamldobenzoic  814 
acetonic     .       .  754 
aconitic      .       .  730 
acrylic              .  697 
adipic       .      .  724 
aiizaric      .      .  825 
allanturic  .       .  932 
allitiitic      .       .  935 

alloxan  Ic    .  936 
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chlorobenzolc 
chlorochromic 
chloronitrous 
chioropheneslc 
ehlorophsnlslc 
chloropropionlc 
clilororliodio 
chlorous 
chlorovaleric 

chollc 
ohololdic 
chromic 
chrysammic 
chryaanlllc 
chryaoleplc 
chrygopbanic 
cimldc 
oinnamlc 
cirraconlc  . 
citric  . 


84 : 


162, 
46, 


PAGE 

815 
825 
816 
810 
948 
489 
216 
680 
190 
939 
814 
683 
683 
914 
83S 
838 
6S9 
686 
688 
730 
921 
795 
823 
827 
792 
711 
162 
949 
695 
789 
C79 
18i 
187 
818 
604 
183 
791 
794 
683 
972 
186 
686 
884 
983 
503 
953 
945 
953 
919 
69S 
SIS 

726 
737 


Acid: 
cobaltic 
comenic 
convolvulinoleic 
coumaric  . 
cresotic 
croconic 
crotonic 
cuinic 
cyanic 
cyanuric 
cym  ic 

dam  al  uric  . 
damolio 

dextroracemic,  c 
dextrotartaric 
dialuric 


PAGE 

467 
739 
715 
824 
823 
737 
697,  702 
818 
859 
860 
818 
698 
698 

II 

731 

939 


diamido-benzoic  814,  921 

dibromacetie     .  680 

dibromobarbituric  939 

dichloracetic      .  679 

dlethylphosphoiic  587 

dlglyeollic  .      .  706 

di-ioiiacetic        .  681 

dl-iodosalicylic  828 

dilaetic       .      .  709 

dllituric     .      .  939 

dinitrobenzoic  .  814 

dloxysalicylic  .  828 
disulplianthraqui- 

nonic       .      .  951 

disulphetholic    .  712 

disulphobenzollc  834 
disulphometho- 

lic    .       .       613,  742 

disulpbonaphthollc  884 

dltartarlc  .      .  735 

ditbionlc    .     .  205 

olaldic      .     .  699 

eilagic      .      .  830 

equlsetie  .  730 
erythric          731,  946 

ei  liene-dlglycolUc  622 

etlione-laetic    .  707 

cl  IlioniC      .       613,  742 

ethyl-curbamic  .  924 

otbylcrotonlc     .  701 

ethyloxallc      .  721 

ethyloxamie     .  923 

cl  liylphosphoric  587 

ethylsalphuric  585 

ethyltartai'ic  7:11 

eucnrolc    .     .  832 

eugOtlC       .       .  827 

3  a 
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Acid: 
euxanthic  . 
evemic 
excretolic  . 
ferric 
formic 

fonnobenzoic 

fulminic 

fulminuric  . 

fumaric 

gaidic 

gallic 

gallotanic  . 
glyceric 
glycocholic 


PAGE 

952 
948 
972 
456 
669 
823 
862 
864 
725 
698 
828 
640,  829 
728 
982 
984 
920 
705 
727 
834 
739 
815 
647 
935 
191 
812 
190 
181 
819 
824 


glyco-hyocholic  . 
glycollamic 
glycollic 
glyoxylic  . 
hemimellitic 
hemipinic  . 
liippuric 
huinic 
hydantnic  . 
hydriodic  . 
hydrobenzoic 
liydrobromic 
hydrochloric 
hydrocinnamic  . 
hydrocoumaric  . 

hydrocyanic       178,  844 

hydrofemcyanic  S55 

hychoferrocyanic  853 

hydrofluoric       .  195 

hydrofluosilicic  .  219 

hydromellitic     .  833 

hydromellonic    .  871 

hydroparacoumaric  824 

hydroprehmtic  .  833 

hydropyromellitic  833 

hydroselenic      .  212 

hydrosulphuric  .  206 

hydrotelluric     .  214 

hydurilic    .       .  939 

hyocholic   .       .  984 

hypochlorous     .  184 

hypogoeic          .  698 

liypogallic         .  827 

hyponitrous       .  153 

hypophosphorous  233 

hyposulphuric    .  205 

hyposulphurous  204 

igasuric     .      •  903 

indinic       .       •  944 

inosinic      .       .  972 

iodacetic    .      •  681 

iodic  .       .       •  193 

isatic  .  .  •  ?44 
isethionic    .      613,  742 

isobutyric  .       .  684 

isophthalic       .  826 

isopropylacettc  .  685 

isovaleric    .      •  685 

itaconic      .  726 

j'alapinolelc  715 

japonic      ■  831 

kinie  .      .     •  831 


Acid:  i"4™ 

lactamic.     .      •  921 

lactic  ...  707 

lauric        .      .  689 

lecanoric    .       .  947 

leucic        .       •  711 
levo-racemic,  or 

levo-tartaric   .  736 

lithic  ...  930 

lithofellic   .      .  985 

malamic     .       •  929 

maleic       .       .  725 

malic         .       .  72S 

malonic      .       .  723 

mandelic    .       .  823 

manganic  .  .  473 
mannitic     .       631,  740 

margaric    .       -  692 

meconic            .  738 

melissic      .       •  696 

rachitic      .      .  832 

mellophanic      .   '  832 

mesaconic  .  .  726 
mesoxalic  .      934,  937 

metagallic  .       .  829 

metantimonic    .  476 

metapectic  .  651 
metaphosphoric  225,  311 

metastannic      .  446 

methacrylic       .  701 

methionic  .  742 

inethylcarbamic  924 

methylcrotonic  .  701 
methylparoxyben- 

zoic        .      .  822 

methylsulphuric  569 

molybdic    .       .  513 

monobrom  acetic  680 

monocbloracetic  769 

mono-oxysnlicylic  827 

moringic    .       .  69S 

mucic        .       .  741 

muriatic     .  181 

mycomelic         .  932 

myristic  690 

myronic     .  641 

naphthalic         .  S25 

niobic        .  497 

nitric                .  150 

nitranisic  .  823 

nitrobenzoic      .  S14 

nitroeumic        .  81S 

nitrococcusic      .  949 

nitrophenasic     .  795 

nltrophenesic  795 

rdtrophenisic  795 

nitrophthalic  825 

nitrosallcylic     .  945 

nitrotoluic  817 

nitrous       .  155 

oenanthic   .  689 

oenanthyllc  688 

oleic  ...  698 
opianic  .  739,  s:!l 
orsellinlc  .  8'.'.',.  947 
orfchophosphoi  tc  225,  31 1 

osmic  .      .       .  442 


Acid  : 
osmious 
oxalic 
oxalovinic 
oxaluric 
oxamic 
oxybenzoic 
oxybutyric 
oxypicric 
oxysalicylic 


PAG  I'. 

442 
717 
721 
937 
721,  912 
822 
703 
953 
827 


oxysulphocarbamic  925 

paimitie     .      .  690 

parabanic  .       .  937 

paracoumaric     .  S24 

paralactic  .       ■  707 

paraoxybenzoic  822 

paraphosphoric  .  312 

paratartaric       .  735 

parellic      .       .  94S 

pectie        .      .  651 

pelargonic         .  6S8 

pentathinnic      .  205 

perchloric  .      .  188 

perchroraic        .  504 

periodic     .       .  193 

permanganic      .  473 

phenyl-acrylic  .  819 
phenyl-earbamic  924,  946 

phenyl-chlorolactic  819 
phenylene-sulphur- 

ous  .       .      •  834 

phenyl-sulphurous  S34 

phloretic  .  .  824 
phosphoi'ic         224,  311 

glacial     .       .  225 

phosphorous      .  224 

phosphovinic     .  5S7 

phthalic     .      .  S25 

physetoleic  .  698 
picric         .       795,  949 

pimaric      .       •  785 

pimclic             .  724 

pinic  .       .       •  7S5 

piperic       .       .  827 

prehnitic    .      •  833 

propionic    .       .  6S2 

pmssic       .      .  S44 

pseudo-uric       .  932 

purpuric    .      .  940 

purrcic      .       .  952 

pyrocatcchuic    .  827 

pvrocomenic  .  739 
pyTogallic  .       809,  S2S 

pyromccnnic      .  739 

pyroniellitic  834 

pyromucic  .  .  741 
pyrophosphoric  225,  312 

pyrotartaric       .  724 

pyrotercbic       .  698 

pyruvic  .  715 
quadrichlorovaleric  6S6 

quinlc        .      .  831 

quinonic           .  825 

qulnoylic    .  626 

racemic      .       .  735 

rhodlzonic  .  787 

ricinoleic    .  715 


INDEX. 


Ann: 
roceellic 
rubiaclc 
ruble  . 
rutlc  . 
saccharic  . 
salicylic 
salicylous  . 
sarcolactic  . 
sebaclc  or  sebic 
selenhydrie 
selenic 
selenious  . 
silicic  . 
stannic 
stearic 
styphnic 
suberic 
succinnaniic 
succinic 
sudoric 
snlphacetic  . 
sulphamlc  . 
sulphamylic 
sulphtinisollc 
sulphydric  . 
sulphindigotic 
sulphindylic 
sulphobenzoic 
sulphobenzolic 
sulphocacodyllc 
sulphocarbamic 
sulpbocarbonlc 
snlphocyanic 
snlphoglyceric 
suipholignic 
sulphometfayllc  . 
sulphonaphthalic 
snlphophenlc 
sulphoproplonlc 
sulpnovinic 
sulphuric  . 
sulphurous . 
sulphydric  . 
sylvic  . 
tannic, 
tantalic 
tartaric 

tartaric,  inactive 

iartrallc 

tartrellc 

tartronic 

tartroviiilc  . 

tauro-cbollc 

tauro-hyochnlh 

lellurhydric 

telluric 

tellurous 

erephl  lialic 
tetracblororalei 
tetrathionft 
thlacetlc 
thionurlc  . 
thlosulphuric 
thymotlc  . 
thymyl-carbonl 
titanic 
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725 
950 
S31 
689 
740 
S20 
838 
707 
724 
212 
212 
212 
218 
4-15 
692 
953 
724 
922 
723 
977 
741 
347 
002 
793 
200 
942 
94 
834 
834 
91* 
020 
200.  713 
8fi( 
62< 


857 

509 

824 

791 

712 

585 

201 

200 

206 

785 

829 

•100 

731 

737 

735 

735 

728 

7::  I 

983 

085 

215 

214 

213 

820 

080 

205 

081 

937 

201 

824 

824 

I  (fl 


Acid: 
toluic  . 
trichloracetic 
trichlnrovaleric  . 
trimellitic  . 
trimesic 
trithionlc  . 
tungstic 
ulmic  . 
nramilic 
uric 

uroxanic 
usnic  . 

valerianic  or  valeric 

vanadic 

violuric 

xanthic 

xylic  . 
Acid-albumin 
Acids 

acrylic 

amic   .  347 
aromatic 
atomicity  of 
basicity  of  . 
fatty  . 
isoacrylic  . 
olactic 
organic 
diatomic  and 
basic 


diatomic  and  mo- 


I'AGF, 

816 
G80 
0SG 
S34 
834 
205 
509 
64 
S79 
930 
932 
94  S 
685 
491 
939 
714 
817 
95S 
115 
69G 
541,  921 
S10 
000 
307,  059 
GG2 
700 
703 
53S,  G59 
bi- 

71G,  825 


831 
828 

728 


nobasic  703,  820 
hexatomic  741,  832 
monatomic  .  661 
pentatomic 
tetratomic  731. 
trlatomic  and  bi- 

basic  . 
I  riatomic  and  mn- 

nobasic       727,  827 
triatomic  and  trl- 
basic    .       .  730 
Aconitates  .  7:10 

Acrolein  .  7sn 

Aconitlne  .  908 
Actinism  .  70 
dSsculetin  .  . 
Aesculin  .  .  ggg 
Affinity,  chemical  .  268 
relations  or  heal  to  258 
disposing  .  .  266 
After-damp  of  coal- 
mines .  .  lg2 
Air-pninp  . 

Air,  atmospheric  .  117 

Air-thermometer  .  21 

Alanine  .       .  gag  895 

A'bite     .       .  .  374 

Albumin  860 

test  for       .  !!(!!) 

vegetable  .  .  096 
Albuminate  000 
Albumins,  derived  968 
Albuminous  principles  955 
Albuminous  substance, 
coagulated     .  901 


Alcohol  . 
absolute 
allylic  . 
aniylenic 
amylic 
anisic  . 
benzylic 
bitty  lie 
cerylic 
cetylic 
cinnylic 
cresylic 
eyniylic 
ethalie 
ethenic 
ethylic 
heptylic 
hexylic 
isopropylic  . 
myricylic  . 
nonylic 
octylic 
phenylic 
propenylic  . 
propylic 
quartylic  . 
quintenylic 
quintyllc  . 
sexdecyiie  . 
sycocerylic  . 
vinylic 
xylylic 
Alcohol-bases 
Alcohol-radicals 
Alcoholic  ammo 
nlas 

Alcoholic  oxides 
Alcohols,  generally  631 
aromatic  . 
primary,  secondary, 

anil  tertiary  . 
and  ethers,  diatomic 
hexatomic  . 
monatomic  . 
pentatomic  . 
polyethenic  . 
polyglucosic 
tetratomic  . 
triatomic 
A  Idohyde,  acetic  . 
polymeric  modlfl- 
eations  of 
acrylic 
anisic  . 
benzoic 

clnnamic  . 
crotonle 
cumic . 
formic 
salicylic 
sycocerylic . 
toluic  . 
Aldehyde-ammonia 

Aldehyde-resin 
Aldehydes  dei  Ived  from 
monatomic  alcohols 


539 
537, 

539, 
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PAGE 
577 
572 
012 
015 
599 
808 
790 
596 
G10 
610 
800 
797 
791 
610 
616 
571 
007 
G05 
594 
011 
609 
607 
792 
624 
504 
590 
628 
599 
610 
791 
Oil 
790 
871 
1  562 

S71 

537 
,502 
788 

565 
014 
030 
564 
020 
021 
044 
028 
022 
740 

747 
750 
841 
835 
83G 
750 
830 
745 
888 
83(1 
836 
717 
74(1 

743 
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Aldehydes  derived  page 
from : 

diatomic  alcohols  750 
aromatic  alcohols  835 
Aldol  ...  747 
Alembroth,  sal-  .  402 
Algaroth,  powder  of  476 
Alizarin  .  .  777,  950 
Alkali-albumin  .  959 
Alkalimeter  .  ■  336 
Alkalimetry  .  .  334 
Alkalis  ...  292 
Alkalis,  action  of,  on 

organic  bodies  .  519 
Alkaline  earths  .  292 
reactions  of  .  3G8 
Alkaloids  .  •  896 
Alkargen  .  •  914 
Alkarsin  .  •  912 
Allanto'in  .  •  936 
Alloxan  .  .  •  936 
Alloxantin  .  •  938 
Alloys  ...  290 
Allyl   alcohol  and 

ethers  .  .  612 
isosulphocyanate  868 
Allylene  ...  561 
Allyl-sulphocarbamide  869 
Allyl-sulphuric  acid  613 
Almonds,  oil  of  bitter  835 
Aloes  .  .  ■  953 
Alums  .  •  •  372 
Alumina  .  •  371 
Aluminates  .  .  372 
Aluminium  and  its 

compounds  .  369 
Aluminium  etliide  592 
Aluminium  salts,  reac- 
tions of  .  •  383 
Alum  stone  .  ■  373 
Amalgam,  ammoniacal  343 
Amalgams  .  •  409 
Amarine  •  836,  895 
Amber  .  •  •  785 
Amic  acids  347,  541,  921 
Amides  .  347,  540,  918 
Amidin  .  .  •  652 
Amidobenzene,  .  8S0 
Amidogen  .  251,  347 
Arnidogen-bases  .  871 
Amidotoluene  .  884 
Amines  .  348,  539,  871 
Amines  derived  from 

monatomie  alcohols  871 
Ammelide     ■      •  870 
Ammeline      .      •  870 
Ammonia      .  ■ 
Ammoniacal  amalgam  34/ 
cobalt-compounds  407 
copper-compounds  399 
mercury-compounds  406 
platinum-compounds  423 
turpethum  •       •  408 
Ammonias,  compound  871 
Ammonlo-magnesian 

phosphate  891,976 
Ammonium    .       158,  342 


Ammonium — cont.  page 
acetate  .  ■  674 
alum  .  .  373 
benzoate  .  ■  812 
carbonates  .  .  345 
chloride  .  •  344 
cyanate  .  .  860 
cyanide  .  .  849 
ferrocyanide  .  854 
nitrate  .  .  344 
oxalate  .  .  720 
purpurate  .  •  940 
sulphate  .  .  344 
sulphide  .  .  346 
sulphocyanatc  .  867 
tartrates  .  .  733 
urate  .  .  931,  979 
Amorphous  phospho- 
rus ...  222 
Amygdalin  .  .  639 
Amyl  acetate  .  677 
Amyl   alcohols  and 

ethers  .  .  599 
Amyl  bases  .  .  879 
cyanide  .  .  856 
Amyl  oxide  .  .  602 
sulph-hydratc  .  602 
Amylamine  .  .  879 
Amyl-benzene  .  770 
Amylenc  .  553,  601 
hydrate  .  .  603 
Amylene-alcohol  .  619 
Amylene-glyeol  .  609 
Amyl-glvcerin  .  628 
Amyl-mercaptan  .  602 
Amyloid  substance  962 
Amyl-sulphuric  acid  602 
Amyl-toluene  .  771 
Amyl-xylene  .  .  771 
Analcime  .  •  375 
Analysis,  ultimate,  of 

organic  bodies  522 
Analysis  of  alkaline 
hydrates  and  car- 
bonales  .       .  334 
Analytical  method  of 

chemical  research  132 
Anatase .  .  .  448 
Aniline  .  .  .  SS0 
Aniline,  substitution- 
products  of  .  8S2 
Aniline-blue  .  .  891 
Aniline-colours  .  889 
Aniline-green  .  891 
Aniline-purple  .  889 
Aniline-red  .  890 
Aniline-yellow  .  892 
Aniline-violet  .  S91 
Animal  fluids  .  970 
Animal  heat  .  OSS 
body,  components  of  954 
Animal  oil,  bases  from  893 
Anise  oil  .  .  S42 
Anisic  alcohol  .  S4S 
Anisic  aldehyde  841 
Anisiditic  .  793 
Anisol    .      .       •  793 


Anisyl  hydride 
Anthracene  . 
Anthrarminone 
Antiraonates  . 
Antimony 

bases  . 

chlorides  . 

hydride 

oxides 

salts,  reactions  of 
sulphides 


PACK 
841 
775 
777 
477 
475 
910 
475 
476 
47G 
479 
478 

and  potassium  tar- 
trate 476,  730 
Apatite  .       .      .  365 
Apocodeine    .      .  899 
Apomorphine        .  89S 
Appendix      .       .  999 
Aqua  regia    .       .  183 
Arabin   .       .       •  650 
Archil    ...  946 
Archimedes'  theorem  6 
Argand  lamp  .       .       ]  74 
Argol     .       ■       •  575 
Aricine  .       .       ■  902 
Aromatic  acids      .  810 
alcohols     .      •  7S0 
aldehydes  .       •  835 
bases  .      •       •  8S0 
hydrocarbons  755 
ketones      .      •  843 
Arragonite    .       •  365 
Arrow-poison  of  Cen- 
tral America  .  90S 
Arrow-root    .      -  652 
Arsenates      .  482 
Arsendiethyl  911 
Arscndimetbyl      .  912 
Arsenic  .      .       •  4S0 
bases  .      ■      •  911 
chloride     .      •  481 
detection  in  organic 

mixtures       .  4S5 
livdrides    .      ■  4S7 
oxides       .       •  4S2 
reactions  of      .  484 
sulphides  ■      •  483 
Arsenites      ■      •  482 
Arsenmethylium  .  916 
Arsenmonomethyl  '915 
Arsentriethyl      .  911 
Arsines  .      .       540,  911 
Arterial  blood      •  970 
Artiads  .      .      ■  243 
Asparagin  929 
Aspartlc  acid  • 
Asphnlt  .       ■      •  7S'i 
Asphaltene   .  7Sb 
Assamar       .       •  646 
Astatic  needle      •  }»\ 
Atacamite     .       •  39/ 
Atmolysis     .         .  «G 
Atmosphere,  composi- 
tion and  analysisof  147 
physical  constitution 

of  .    •    •  >! 

vapour  of  water  in  43 


INDEX. 
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Atmospheric  electri- 
city      .      .  95 
Atomic  theory     .  241 
Atomic  weight,  defini- 
tion of    .       US,  232 
relation  of,  to  crys- 
talline form    .  237 
relation  of,  to  specific 

heat      .      .  235 
relation  of,  to  volume  23S 
Atomic  weights,  table 

°f  10S 
Atomicity      .      .  242 
Atoms    .      .       us,  241 
combination  of 
similar    .      .  245 
Atropine       .      .  90s 
Attenuation  of  wort  604 
Attraction,  chemical  253 
electrical    .       .  88 
magnetic  .      .  82 
Augite   ...  390 
Auric  acid  an<]  oxide  41S 
Auric    and  aurous 

compounds    .  417 
Australene  or  Austra- 

terebenthene  .  779 
Axes  of  crystals  .  27S 
Axlnlte  .  .  .  37,, 
Azaleine  .  .  899 
Azodiphenyl-diamine  882 
Azotised  substances, 

analysis  of     .  527 


II. 

Balsams  .  .  7s 
Barilla  33 
Barium  and  its  com- 
pounds .  .  35' 
Barium  ferrocyanide  84! 
Barium  salts,  reac- 
tions of  .  .  3r;t 
liarlcy  sugar  .  .  c,.j< 
Barometer    .  U 

|»*yta  .    .   ;  m 

Bates    .  . 

from  aldehydes  .  891 

aSnidogen-  .  5:19,  h?2 
of  the  amyl  series  879 
ftntn  animal  oil  .  889 

antimony-  .  .  9m 
aromatic  .  .  880 
arsenic-      .       .  911 

from  coal-tar  oil  gog 

obtained  by  destruc- 
tive distillation  893 
of  the  ethyl  series  874 
imidogrn-  .      539.  872 
artificial,  containing 

mercury  .      .  407 
diatomic,  of  Mir  phos- 
phorus and  arsenic 
,««tes     •      .  918 
Oi  the  methyl  series  877 


Bases — cont. 
nitrlle 
organic    .  . 
phosphorus- 
Basicity  of  acids 
Bassorin 

Battery,  constant  . 
Bunsen's 
Cruikshank's 
Daniell's  . 
Grove's 
Smee's 
Wollaston's 
Baume''s  hydrometer 
Bay  salt 
Bebeerine 
Beer 

Bees-wax 

lieet-root,  sugar  from 
Bell  metal  . 
Bengal  light  . 
Benzamlde 
Benzene  or  Benzol 
additive  compounds 

of  . 
homnlogues  of  . 
substitution-pror 
duels  of  . 
Benzoates 
Benzohelicin  . 
Benzoic  acid  . 

aldehyde  . 
chloride  . 
oxide 
peroxide  . 
Benzoin  . 
Benzol  . 
licnzolinc 

Benzone 

Benzonitrile  . 
Bonzophenone 
Benzosallcln  . 
Benzoyl-compounds 
Benzyl  alcohol 
Benzylamine. 
Berberine 

Berthollet's  fulminat- 
ing silver 
Beryl  . 
Beryllia. 
Beryllium 
Bessemer  steel 
Betaorcln 

Beta-orselllc  acid  . 
Bezoar  stones 
Hllc 

Pettenkofcr's  test 
for  . 
Bile-pigments 
Biliary  calculi 
Kilin 

Binary  theory  of  sails 

Biscuit  . 
Bismethyl 
Bismuth 
Blsmuthic  acid 
Bisulphide  of  carbon 


PACK 

539,  872 
S71 
909 
307,  659 
650 


271 
273 
9S 
271 
272 
273 
99 
999 
330 
907 
575 
611 
646 
400 
480 
919 
757 

758 
762 


759 
812 
642 
S10 
835 
812 
813 
S13 
811 
757 
895 
843 
856 
843 
642 
812 
790 
885 
907 

356 
375 
876 
375 
462 
849 
949 
985 
981 

98  1 
984 
981 
988 
305 
387 
918 
487 
489 

208 


Bitter-almond  oil 
Bitumen 
elastic 
Bivalent  elements 
Blast  furnace 
Black  flux  . 
Bleaching 
Bleaching-powder 
testing  its  value 
salts  . 
Blende  . 
Blistered  steel 
Blood  . 
Blowpipe 
Blue  ink 

sympathetic 
Blue  light 
Prussian-  . 
Turnbull's- 
Bohemian  glass 
Boilers,  deposits  in 
Boiling  point 
Bones 
Borax  . 

Borethyl       .  588 
Boilc  oxide  and  acid 
Borneol  . 

Borneo  camphor  . 
Boron 
chloride 
fluoride 
nitride 
Boulangeritc 
Boyle's  law  . 
Brass 
Braunite 
Brazil-wood  . 
Bread 
Brewing 
Britannia  metal 
British  gum  . 
Bromanillne  . 
Bromanisol  . 
Bromel  hyl-trlethyl- 
phosphonlum 
bromide  . 
Bromhydrins 
Bromic  acid  . 
Bromides,  metallic 
Bromine 
action  of,  on  organic 

bodies  .  .  51,8 
estimation  of,  in 
organic  bodies  531 
Bromlsatln  .  .  944 
Bromobenzcnes  .  759 
Bromoform  .  .  624 
Bromophenols      .  794 

Bro  sallcylol     .  839 

Bromotoluencs  .  765 
Bronze  .  .  .  ioo 
Brooklte  .  .  443 
Brown  coal  .  .  7,89 
Bruclne .  .  .  90:1 
Bunsen's  battery  273 
Bunsen's  burner    .  175 


PAGE 
S35 
786 
787 
243 
459 
485 
180 
365 
367 
186 
393 
402 
973 
173 
853 
466 
4S0 
852 
855 
386 
364 
36 
9S9 
341 
I,  916 
216 
800 
800 
216 
217 
217 
217 
478 
16 
400 
471 
952 
577 
576 
480 
654 
8S3 
812 


916 
625 
11)0 
297 
189 
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PAGE 

Burette  ...  336 
Burmese  naphtha  .  547 
Butter  .  684,  6S5,  987 
of  antimony  .  475 
Butyl  alcohols  anil 

ethers  .  .  696 
Butyl-benzene  .  768 
Butyl-carbinol  .  596 
Butyl  cyanide  .  856 
Butylene  .  .  553 
Butylene  alcohol  .  615 
Butylene  glycol  .  615 
Butyric  acid  and  ethers  6S3 


Cacao  butter        .  692 

Cacodyl         .       .  912 

Cacodylic  acid      .  914 

Cadet's  fuming  liquid  912 
Cadmium  and  its 

compounds  .  394 
Csesium  .  .  350 
Caffeine  .  .  964 
Calamine  .  .  392 
Calcium  and  its  com- 
pounds .  .  361 
Calcium-salts,  reactions 

"•'of:   ...  368 

Calculi,  biliary     .  985 

urinary      .       .  979 

Calomel        .       .  402 

Calotype  process  .  79 

Camphene     .       .  779 

Camphol       .      .  800 

Camphor       .       .  837 

of  Borneo   .       .  800 

Canada  balsam      .  786 

Candle,  flame  of    .  173 

Cane-sugar   .       .  645 

Caoutchin      .       .  783 

Caoutchouc   .       .  783 

mineral      .       .  787 

Caoutchoucin        .  783 

Caramel  .  .  646 
Carbamic  acid       347,  924 

Carbamic  ethers  .  924 
Carbamide     .       348,  925 

Carbamines  .      .  857 

Carbides  of  hydrogen  KM 

Carbides  of  iron    .  460 

Carbimide    .      .  '■>'■'■'> 

Carbinol  .  .  566 
Carbodiphenyl-diii- 

mene      .      .  888 

Carbon  .      .      .  158 

chlorides    .       189,  618 

bisulphide  .       .  208 

compounds  with 

oxygen  .       .  160 

with  hydrogen 

161.  515,  755 

estimation  in  or- 
ganic bodies  .  522 
Carbon  oxychloride 

lid,  210 


PAGE 

Carbon  sulphochloride  210 
Carbonates    .       161,  711 
analysis  of  .       .  334 
Carbo-diphenyl-dia- 

mine       .       .  888 
Carbonic  acid        161,  711 
estimation  of  338 
ethers        .       .  712 
Carbo-triaminu     •  888 
Carbo-triphenyl-tria- 

mine  ...  888 
Carbyl  sulphate  .  574 
Carmine  .  .  949 
Carminic  acid  .  949 
Cartier's  hydrometer  1000 
Carthamin  .  .  952 
Carragheen  moss  .  655 
Casein  .  .  .  959 
Cassava  .  .  .  655 
Cassiterite  .  .  445 
Cassius,  purple  of  .  418 
Castor  oil  .  608,715 
Catalysis  .  .  255 
Catechu.  .  .  S31 
Catechin  .  .  831 
Cavendish'seudiometer  134 
Cellulose  .  .  656 
Cements  .  .  362 
Cerasin  .  .  .  651 
Cerite  ...  379 
Cerium  .  .  .  377 
Cerotates  .  .  695 
Cerotene  .  .  553 
Cervantite  .  .  477 
Ceryl  alcohol  .  .  610 
Cetene  .  .  .  553 
Cetyl  alcohol .  .  610 
Chalk  ...  364 
stones.  .  .  931 
Chameleon,  mineral  474 
Change  of  state  pro- 
duced by  heat  32 
Charcoal,  animal  and 

vegetable  .  160 
Cheese-making  .  9S7 
Chemical  action,  influ- 
ence of  pressure  on  256 
Chemical  affinity  .  253 
Chemical  philosophy  229 
Chemical  rays  of  the 

solar  spectrum  78 
Chinese  wax  .  .  696 
ChinoSdine  .  .  902 
Chinoline  .  .  893 
Chitin  .  .  Mi),  970 
Chloral  .  .  574,  748 
Chloranil  .  .  803 
Chloranillne  .  .  883 
Chlorates  .  .  187 
Chlorhydvins  626 
Chlorides,  metallic  295 
organic  .  537,  538 
Chlorimetry  .  .  367 
Chlorine  .  .  179 
action  of,  on  organic 
bodies    .      .  51S 


Chlorine — cont.  page 
compounds  of,  with 
hydrogen  .  181 
with  nitrogen .  188 
■with  carbon  189,  618 
with  oxygen  .  184 
estimation    in  or- 
ganic bodies  .  631 
Chlorisatin    .  .  944 
Chlorites       .  .  1SI> 
Chlorobenzenes  .  759 
Chloroform    .  .  623 
Chloromethane  .  567 
Chlorophenols  .  794 
Chloropicrin  .  .  796 
Chloroquinones  .  803 
Chlorosalicylol  .  839 
Chlnrotoluenes  .  764 
Chlorous  or  acid  ele- 
ments    .  .  277 
Cholepyrrhin  .  9S1 
Cholesterin    .  .  800 
Cholestrophane  .  911 
Chondrin      .  .  965 
Chromates     .  .  503 
Chrome-yellow  .  504 
Chromium     .  •  500 
salts,  reactions  of  505 
Chrysaniline  .  S92 
Chrysene       .  .  778 
Chrysoberyl  .  .  375 
Chrysolite     .  .  391 
Chyle     .      .  .  9S2 
Cinchonicinc .  .  902 
Cinchonidine  .  Ml 
Cinchonine    .  .  900 
Cinchovatine  .  902 
Cinnabar      .  .  406 
Cinnamein     .  .  819 
Cinnamene    .  .  771 
Cinnamon,  oil  of  .  S37 
Cinnyl  alcohol  S00 
cinnamate  .  .  SI  9 
Circular  polarisation 

of  light  .  .  75 

Circulation    of  the 

blood      .  .  992 

Citramide      .  .  930 

Citrates  .      .  .  738 

Citrate  .      .  .  7S2 

Clarifying  wines  and 

beer       .  .  969 
Classification  of  metals  291 
organic  compounds  534 
Clay      ...  374 
ironstone    .  .  458 
Cleavage       .  .  278 
Coagulated  protcid  961 
Coal       .    ■  .  .  7S6 
Coal-gas        .  .  167 
Coal-tar  creosote  .  794 
Coal-tar,  volatile  prin- 
ciples of  .  757 
Cobalt    .       .  .  465 
ammoniacal  com- 
pounds of  .  467 
Gobalticyanldes  .  855 
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Cobalt-salts,  relictions 

of    .  4fi8 
Cobalt-ultramarine  469 
Coccus  cacti  .      .  349 
Cochineal      .       .  943 
Cocoa-nul  oil        .  6SS 
Codamine     .      .  300 
Codeine ...  889 
Cohesion       .      .  2.r>3 
Coke      .      .       .  too 
Colchicine     •       .  90S 
Cold  produced  by  che- 
mical decomposi- 
tion.      .       .  261 
Cold  produced  by  eva- 
poration .      .  4 
Collidine       .       .  ggi 
Collodion      .       .  (J5S 
Colloids .       .       .  440 
Colophene     .      .  779 
Colophony     .      .  780 
Colouring  principles, 

organic  .      .  344 
Columbium    or  Ni- 
obium    .       .  497 
Combination  by 

volume   .       .  239 
by  weight  .      11.5,  229 
Combustion  .       .  109 
furnace      .       .523  525 
heat  of       .  259 
Compound  ammonias  871 
radicals      .      .  251 
Conchlolin    .      .  970 
Condensation  of  gases 

and  vapours    .  42,  45 
Conduction  of  heat  28 
Conductors    of  elec- 
tricity   .      .  3] 
Conhydrine    .      .  308 
Conine   .      .      .  307 
Constancy  of  compo- 
sition     .       .  109 
Constant  battery   .  271 
Contact,  action      .  255 
Contractile  substance  983 
Copaiba  balsam     .  78fi 
Copal     .      .      .  785 
Copper  .     .     .  395 
acetates     .       .  «7(j 
"Hoys  .      .       .  400 
arsenite     .     .  482 
carbonates .       .  308 
chlorides    .       .  336 

compounds,  am- 

moniaeal  .  399 

ferrocyanide  .  854 

hydride     .  .  807 

nitrate     .  .  398 

oxides       .  .  897 

pyrites      .  809 

salts,  reactions  of  399 

sulphate    .  .  898 

sulphides   .  809 

Corfdine      .  894 

Cork-borer  .      .  ] 24 


Corn-oil  . 

Corundum 

Corrosive  sublimate 

Cotarnine 

Cotton-xyloldiu 

Coumaric  acid  824 

Coumarin 

Cream  . 

of  tartar 
Creasol  . 
Creosote 
Creatine 
Creatinine 
Cresol  . 
Crown-glass  . 
Crucibles 

Crystalline  form  '. 
Crystallisation 

water  of 
Crystalloids  . 
Crystallographic  svs- 

tems 
Cubebs,  oil  of 
Cudbear 


Cumidine 
Cumene 
Cumin  oil 
Cumylene- 


liumlne 


Cupric    and  cuprous 

compounds 
Cuprosoviny]  oxide 
Curarino 
Curd 

Cyatnelide 
Cyananiline  . 
Cyuu.ttcs 

Cyanides,  alcoholic 


27S 
783 
946 
885 
767 
69,  836 
SSS 


metallic 
Cyanino 
Cyanite  . 
Cyanogen 
bromide 
chloride 
iodide 
sulphide 
Cyan  urates  . 
Cymene  . 
Cymidine 
Cymyl  alcohol 
Cymylamine  . 

Cymophane  . 
Cystic  oxide  . 
Cystine  . 


I>. 


300, 


17S. 


396 
•560 
90S 
957 
859 
884 
859 
856 
847 
893 
371 
814 
865 
865 
865 
865 
861 
769,  782 
885 
791 
880 
375 
980 
080 


Daguerreotype 
Dalton's  table  of  the 
tension  of  aqueous 

vapour  . 
Dammar-reslii 
Danlell's  battery  . 
Daturine 
Davy  lamp 
Deeane  . 


I'AGE  PAGIi 

620    Decay    .       .       .  6J8 

371    Decene  .             .  5,5.3 

401  Decine  .  .  .  561 
900  Declination,  magnetic  82 
658    Decolorisation  by 

S41  charcoal  .  .  160 
841    Decomposition,  electro- 

9S4          chemical .       .  262 
733    Dehydrating  agents, 
S06          action  of,  on  or- 

806          ganic  bodies  .  52] 

906  De  la  Rive's  floating 

907  battery,  .  .  102 
797  Delphinine  .  90s 
3S5  Density  ...  3 
SSS  maximum  .  42 
277  of  vapours,  determi- 
277  nation  of  .  Js 
137  Dew-point  .  .  4:; 
140    Dextrin  .       .       .  fi.53 

Dextroglucose      .  634 

Dextrose       .      .  634 

Dextro-tartarie  acid  731 
Diabetes       .       653,  977 

Diacetamide  .       .  919  ' 

Diacetin        .      .  678 

Diallyl   •       .      .  558 

Dialysis ...  140 

Diamagnetic  bodies  85 

Diamides       .       .  918 

Diamines  .  .  SS6 
Diammonio-platinic 

compounds     .  426 
Diammonio-platinous 

compounds     .  425 

Diamond       .       .  159 

Diamylamine  .  879 
Diastase        .       576,  634 

Dibcnzyl       .      .  774 

Didymium     .      .  381 

Dicthenic  alcohol  .  622 

Diethene-diamine  .  886 
Diethene-dibromide, 

sulphuric      .  590 

Diethene-triamine  887 

Diethylamine       .  875 

Diethyl-benzene  .  70s 
Diethyl-dlethene-di- 

bromide,  sulphuric  590 
Diethyl-cthene-diam- 

monium  iodide  887 

Dietliyl-toluene  770 

Diethyl-uroa  .      .  028 

Diffusion  of  giisrs  .  12.5 

Diffusion  of  Hqulda  189 

Digestion      .      .  904 

Diglucoslc  alcohols  644 
Dlmereurammonlum 

salts        .       .  427 

Dime!  hylamiue     .  878 

Dimethyl-benzene  765 
Dlmethyl-ethyl-ben- 

zeno       .      .  768 

Dimethyl-phenol  .  708 

Dlmethyloxamlde .  924 

Dimorphism  .      .  278 


so 


11 

785 
270 
1)08 
176 
548 


1016 
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Diphenyl       .       .  774 

Diphenylamine  .  S84 
Diphenyl-diethene- 

diamine  .       .  8S7 

Diphenyl-ketone  .  843 
Diphenyl-ethene- 

ti  iumine .       .  887 

Dippel's  oil    .       .  893 

Dlpyridine     .      .  894 

Dipyrolene    .       .  780 

Disacryl  .  .  750 
Disinfection  .       181,  307 

Disposing  influence  255 

Dissociation  .       .  256 

Distillation    .       .  39 

dry  or  destructive  517 

Dlterebene    .      .  780 

Ditolyl   .       .       •  775 

Double  refraction  .  73 

Double  salts  .       .  367 

Dragon's  blood      .  785 

Ductility  of  metals  289 

Dulcite   ...  632 

Duodecane     .       .  548 

Durene  ...  769 

Dutcb  liquid  .  .  618 
Dyads    .       .       243,  357 

Dyeing  ...  941 
Dynamical  theory  of 

heat       .       .  55 

Dyslysin       .      .  983 

E. 

Earthenware ..      .  3S8 

Earth-metals .       .  368 

reactions  of       .  383 

Ebonite  ...  783 

Ebullition      .       .  35 

Effusion  of  gases  .  128 

Egg  albumin        .  956 

Egg,  white  of       .  956 

Elaidic  acid    .       .  699 

Elastic  tissue .      •.  989 

Electric  battery    .  96 

current      .      .  96 

heat  developed  b)'  275 

Electric  discharge  91 

Electric  eel    .      .  106 

machines  .  .  92 
Electricity,  positive 

and  negative  .  89 
of  vapour  .      .  9G 
Electro-chemical  de- 
composition   .  2G2 
Electrodes      .       .  26(1 
Electrolysis  .      .  262 
Electrolytic  decompo- 
sition, definite 
amount  of     .  267 
Electrolytes  .      .  2G2 
Electro-magnetism  99 
Elecl  co-motive  power  268 
Electro-negal  Ive  and 
electro-positive 
bodies    .      .  271 


PAGE 

Electrophorus       .  95 
Electro-plating     .  274 
Electroscope  .       .  S9 
Electrotype  .       .  274 
Elements,  atomic 
weights  and 
symbols   of    .  108 
Elements,  classifica- 
tion   of,  accord- 
ing to  equivalent 
value      .      .  250 
Elements,  monogenic 

and  polygenic  230 
Emerald        .       .  375 


Emery  . 

371 

Emetine 

908 

Emodin  . 

949 

Emulsrn . 

640 

Epichlorhydrin 

G27 

Epidermis 

970 

Epithelium  . 

970 

Epsom  salt 

390 

Equations,  chemical 

120 

Equivalency,  variation 

of  . 

246 

Equivalents  . 

119, 

229 

Erbium  . 

382 

Eremacausis  . 

57S 

Erythrite 

62S 

Essence  of  turpentine 

778 

Essential  oils 

784 

Ethalic  alcohol 

610 

Ethane  . 

548 

Ethene  . 

165,  553 

Ethene  alcohol 

or 

glycol 

G15 

Ethene  bromide 

619 

chloride 

618 

cyanide 

857 

iodide 

619 

oxalate 

722 

oxide  . 

620 

sulphide 

620 

Ethene-diamines 

SS6 

Ethene-hexethyl-di- 

phosphonium 

917 

Ethene-hexethyl-phos 

pharsonium 

917 

Ethene-tetrethyl-phos 

phammonium 

917 

Ethcno-tricthyl-phos- 

phammonium 

917 

Ether  . 

580 

Ethereal  suits 

5:57.  583 

Etheriflcation 

582 

Ethers,  diatomic 

617 

hexatomic  . 

630 

monatomic 

564 

pentatomic 

629 

tetratomic  . 

628 

triatomic  . 

622 

Ethides,  metallic 

571,  590 

Ethine  . 

166 

559 

Ethyl  acetate 

677 

alcohol 

571 

borates 

587 

Ethyl — cont.  page 

bromide     .       .•  580 

carbamate  .       .  924 

carbonates .       .  712 

chloride     .       .  579 

cyanate      .       .  862 

cyanide      .       .  856 

cyanurate  .      .  862 

formate     .       .  671 

iodide       .      .  580 

isosulphocyanate  868 

nitrate       .       .  5S4 

nitrite       .       .  585 

oxalates     .       .  721 

oxamate     .       .  923 

oxide  5S0 

palmitate    .      .  691 

pelargonate       .  688 

phosphates        .  5S7 

selenide     .       .  590 

silicates     .       .  588 

stearate     .       .  694 

sulphates   .       .  5S5 

sulphydrate       .  5S8 

sulphides   .      .  589 

sulphites    .       .  586 

sulphocarbonates  713 

sulphocyanate   .  S67 

tartrates     .       .  734 

.  telluride    .      .  590 

xnnthate    .  714 

Ethylacetamide     .  918 

Ethylamine  .       . .  S74 

Ethyl-ammonia  .  874 
Ethyl-amyl-phenyl- 

ammonium  iodide  884 

Ethyl-aniline        .  8S4 

Ethvl-benzene      .  765 

Ethyl-codeine      .  S99 

Ethyl-conine .  .  90S 
Ethyl-dimethvl-car- 

binol       .       .  604 

Ethyl-methyl  oxide  584 

Ethyl-oxamide  '  .  924 

Ethyl-phenol        .  798 

Ethvl-phenvhtmine  884 

Ethvl-salicvlol      .  S40 

Ethvl-strvchnine  .  903 

Ethyl-urea    .  92S 

Kucalyn        .  G3S 

Euchlorinc    .       .  187 

Euchrone           .  S32 

Euclasc  .      .       .  375 

Eudiometers .      .  14S 

Eugenol        .       .  S27 

Euodlc  aldehyde   .  784 

Eupione        .       .  549 

Euxanthonc  .       .  951 

Euxenite      .       .  497 

Evaporation  .      .  40 

colli  produced  by  47 

Evernia  prunastri .  94S 

Excretin       .      .  972 

Exosinose      .      .  142 

Expansion  by  heat  18 

of  liquids    .      .  23 

of  gases     .       .  26 
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Nxi'axsiom — ennl. 

of  solids 

of  water 
Exsiccator 

K. 


PAGE 
22 
'  23 
47 


Kahl-ore  .  .  473 
Fat,  origin  of,  in  the 

animal  body  .  897 
Fats       .       <;24.  601,  «94 

Fatty  acids    .       .  662 

Feather-ore  .      .  47s 

Feathers  .  070 

Fecula   .  .  (j.5.) 

Felspar  .      .      .  37J 

Fermentation  518 

butyric     .     .  684 

lactic  .       .       .  70S 

vinous       .       .  578 
Ferments      .        518,  578 

Ferrates  .  .  450 
Ferric  and  fei-rous 

compounds  .  455 
reactions  of  .  453 
Ferricyanides  .  854 
Ferroyanides  850 
SJrjn  900 
Fibrinogen  .  .  953 
Fibrinoplastlc  sub- 
stance .  .  958 
Fibroin  .  .  .  970 
Ficus  rubriginnsa, 

resin  of  .      .  791 

Fire,  blue      .      .  430 

-damp       .      .  L64 

red  and  green    .  360 

Flame,  structure  of  1  ~:j 
Fleitmann  and  fronne- 

berg's  phosphates  313 

Flint-glass  .  .  335 
Fluid  pressure,  general 

law  of  1    .  6 
Fluids,  expansion  of  23 
Huorescence .      .  72 
Fluorides,  metallic  299 
Fluorine       .       ,  195 
Fluor-spar  :u;i 
Food     .  gj)4 
Formates     .      .  gga 
Formula?       .       .  ||H 
constitutional    .  244 
empirical  and  mole- 
cular            .  532 
graphic  and  glyptic  244 
rational      .       30K,  541 

FOrmyl-anlline     .  337 
Frangulin    .      son,  952 
French  weights 
and  measures  1005,  1008 

Frigorillc  mixtures  34 

Fruit-sugar  .  .  686,  646 

Fnchsine  .  .  800 

Fncnsamlde  .  .  343 

Facnsme  .  .  843 

Fuousol  .  .  343 

Fulminates  .  862 


Fulminating  silver  862 

Fulminurates       .  864 

Fumarimide  .  929 
Fuming  liquor  of 

Li  bavins  .      .  444 

Furfuramidc  .  .  343 
Furfurine      .       si-j  895 

Furfuro!  .  .  '  842 
Furnace,  reverhera- 

tory.       .       .  171 
furnace  for  combus- 
tion      .       523  528 

Fusel-oil       .       .  '  599 

of  grain  spirit    .  602 

Fusibility  of  metals  288 

Fusible  calculus    .  979 

Fusible  metal  .  439 
Fusion,   latent  heat 

of    •  33 

rustic  wood   .       ,  952 


Gadolinitc 
Galactose 
Galena  . 
Gallates  . 
Galls,  nut- 
Galvanised  iron 
Galvanism 
1  ralvanometer 
Garancin 
Garlic,  oil  of  . 
Garnets 

Gas.  coal  anil  oil 

defiant 
battery 
burners 


3S2 
637 
4-19 
826 
826 
394 
99 
101 
951 
614 
375 
1(17 
165 
275 
175 


Gas  fnrnace  for  organic 

analysis  .       523  525 

Gases,  absorption  of  '  142 
capillary  1 1  anspir- 

iilion  of         ,  128 
collection  and  pre- 
servation of   .  in 
diffusion  of        .  125 

effusion  of  .     .  1  2h 
cudiometric  analy- 
sis of      .  148 

expansion  of    .  20 

liquefaction  of  .  45 

occlusion  of  128 

osmose  of  .      .  127 
physical  constitu- 
tion of    .      .12,  57 

•  specific  gravity  of  48 

specific  heat  of  ,  31 

Gas-holder    .      .  iu 

Gastric  Juice  .     .  081 

Gaultheria  procnm- 

bens,  oil  of  821 

Gelatin  .       .      ,  9,17 

German  silver       .  400 

Geyser  springs  of 

Iceland  .  115 

Gliding  .     .  419 


Glass  . 

soluble 
Glauber's  salt 
Gliadin  . 
Globulins 
Glow-lamp  . 
Glucinum 
Glucoses 
Glucosides 
Glue 

Gluten  . 
Glutin  . 
Glycerin 
Glycide  . 
Glycoeholic  acid 
Glycogen 

Glyco-hyocholic  acid 
Glycocine 
Glycol  . 
Glycollamide 
Glycols  . 
Glycoluril 
Glycosino 
Glycyrrhizin  . 
Glyoxal  . 
Glyoxaline 
Gold  and  its  com 
pounds  . 
cyanide  of  . 
Gold-leaf 
-salts,  reactions  of 
-standard  of  England  419 
Goulard  water      .  675 
Granite  .       .       .  374 
Grape-sugar  .       .  634 
Graphite       .      .  159 
Gravitation    .       .  12 
Gravity,  specific    .  3 
of  gases     .      .  48 
of  metals    .       .  288 

of  vapours  .      .  48 

Green  fire      .      .  360 

Groennckito  .       .  395 

Green  salt  of  Magnus  426 

Groups,  Isomorphous  286 

Grove's  battery     .  273 

gas-battery        .  275 

Gnalacol      .     ,  807 

Guanidino  .  .  888 

Guanine  .  .  908 

Guano    .  .  931 

Gum      .  .  .  (J50 

arable       .     .  650 

benzoin      .  .  811 

British      .  .  655 

of  cherry-tree  .  551 

tragacanth  .  660 

Gun-cotton     .  .  658 

Gun-metal     .  ,  400 

Gunpowder   .  .  322 

Gutta-percha  .  7S4 

Gypsum        .  .  303 


PAGE 
384 
3.86 
339 
994 
957 
132 
375 
633 
638 
967 
995 
99i; 
624 
027 
982 
658 
984 
681 
615 
920 
615 
932 
751 
640 
761 
751 

416 
849 
-1 1  9 
418 


II. 
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PACE 

Hsematite  .  .  456 
Hsematncrystalliu  .  965 
Hematoxylin  .  952 
Hamin  ...  966 
Haimoglobin  .  .  965 
Hahnemann's  soluble 

mercurv  .      .  405 
Hair      .       .      .  970 
Halitus  ...  974 
Halides,  acid  .      .  53S 
Haloid  ethers       •  537 
Haloid  salts  .       .  305 
Hardness  of  water  363 
Harmaline    .      .  903 
Harmine      .      .  904 
Hatchetin      .       .  549 
Hausmannite  472 
Heat      ...  18 
animal       .       .  9SS 
capacity  for       .  29 
change  of  state  pro- 
duced by       .  32 
conduction  of    .  28 
developed  by  the 

electric  current  275 
dynamical  theory  of  55 
expansion  produced 

by   .       .       .  18 
latent,  of  fusion  33 
latent,  of  vaporisa- 
tion      .      .  35 
mechanical  equiva- 
lent of    .       .  52' 
of  combustion    .  259 
relations  of,  to 

chemical  affinity  25S 
sources  of  .       .  51 
specific      .       .  28 
Heating  rays  of  the 

solar  spectrum  7S 
Heavy  spar  .  .  359 
Helicin  ...  642 
Helvite  .  .  .  375 
Hemihedral  crystals  282 
Hemming's  safety 

jet  .  .  129,  177 
Hepar  Bulphltris  .  327 
Heptyl   alcohols  and 

ethers  .  .  607 
Heptyl  carbinol  .  607 
Heptylene  .  .  663 
Heracleum  oil  605,  608 
Heulandite  .  375 

Heveene  .  .  784 
Hexads  ...  243 
Hexethyl-ethene-di- 

ammonium  iodide  887 
Hexy]    alcohols  and 

ethers  ..  .  G05 
Hexyl-carbinol  607 
Hexylene  .  658 

Hexylene  hydrate  60C 
Hofmann's  gas-fur- 
nace for  organic 
analysis  .      .  625 
Homologous  series  534 


PAGE 

Honeystone  .  .  832 
Hops,  oil  of  .  .  57-6 
Hornblende  .  .  392 
norn  silver  .  .  353 
Horny  substance  .  970 
Huano  .  .  .  931 
Humus  .  .  .  647 
Hydantoln  .  .  871 
Hydrates  .  137 
Hydrides  of  alcohol- 
radicals  .  .  650 
Hydi  iodic  acid  .  191 
Hydrobenzamlde  .  836 
Ilydrobromic  acid  .  190 
Hydrocarbons  535,  545,  755 
Hydrocarbons,  picrates 

of    .  796 

Hydrochloric  acid  .  181 

Hydrocyanic  acid  .  844 

Hydroferricyanlc  acid  S55 
Hydroferrocyanic  acid  853 

Hydrofluoric  acid  .  195 

Hydrofluosilicic  acid  219 

Hydrogen      .       .  123 

antimonide        .  470 

arsenides    .      .  481 

bromide     .       .  190 

carbides     .      .  164 

chloride  .  .  181 
combination  of,  with 

oxygen    .       .  129 
cyanide      .       .  S45 
dioxide      .  145 
estimation  of,  in  or- 
ganic bodies   .  522 
ferricyanide      .  855 
ferrocvanide      .  853 
fluoride      .       .  195 
iodide  ...  191 
monoxide    .      ■  132 
phosphides .      .  225 
selenide     .       ■  211 
sulphides    .       .  206 
telluiide     .       .  215 
typic   .       .       .  659 
Hydrogen-salts      .  115 
Hydromellone      .  871 
Hydrometer  .       .  10 
Hydrometer  tables  999 
Ilydroquinonc       .  80: 
Hydrosalicyhimide  889 
Hydroselenlc  acid .  211 
Hydrosulphuric  acid  -'06 
Hydrothymoquinone  SOS 
Hydrotoluquinone  805 
Hydroxyl      .       .  252 
Hygrometer,  dew- 
point      .      .  43 
Hyodyslysih  .      .  985 
Hyoscyamlne .      .  908 
Hypochlorites  185 
Hyponitrites  .     .  153 
Hypophosphites  223 
Hyposulphates  205 
Hyposulphites  2<U 
Hypoxanthine      .  905 


Iceland  moss  . 
Ignition  . 
Imides  . 
Imidogen-basts 
Incandescence 


055 
169 
921 
872 
168 


Incrustations  in  boilers  364 

Index  of  refraction  64 

Indian  yellow       .  952 

India  rubber  .      .  783 

Indican  .       .       .  644 

Indiglucin  .  .  644 
Indigo    .       .       843,  941 

Indin      ...  944 

Indium  .             .  415 

Induction  coil        .  104 

Induction  electric  .  90 

electromagnetic  .  102 

magnetic    .       .  83 

magneto-electric  103 

Ink,  label      .       .  7S5 

blue,  sympathetic  466 

Inosite    .       .      .  637 

Innlin  .  .  .  656 
Invert  sugar  .       637,  646 

Iodic  acid      .       .  192 

Iodides,  metallic    .  298 

Iodine    ...  190 
action  of,  on  organic 

bodies     .      .  518 
and  nitrogen      .  193 
estimation  of,  in  or- 
ganic bodies  .  531 
and  oxygen       .  192 
chlorides    .  194 
Iodobenzenes        .  760 
Iodoform       .      .  624 
Iodomethane .  56S 
lodophenols  .       .  795 
Iridium  .       .       .  433 
ammoniacal  com- 
pounds of       .  436 
salts,  reactions  of  436 
Iron       .      .      .  453 
acetates      .       .  675 
benzoate    .      .  812 
carbonate  .       .  457 
chlorides    .      .  455 
cyanides    .      .  S49 
iodides       .      .  455 
manufacture      .  459 
nitrates      .       .  457 
oxides        .       .  455 
phosphates  .      .  45S 
salts,  reactions  of  458 
sulphates    .      .  457 
sulphides    .  458 
Isathvde       .       .  944 
lsatin"     .      .       .  943 
Isinglass        .       .  965 
Isoamyl  alcohol     .  599 
Isobutyl  nk-ohol  697 
Isobutyl  carbinol  .  599 
Isocyanates  .     .  8«2 
Isocyanldcs    .       .  857 


PAGE 

Isotlulcite      .       .  632 
Esologous  series    .  535 
Isomeric  bodies    .  543 
Isomerism"  in  the  aro- 
matic group    760,  7C3 
Isomerism  in  the  ole- 
flnc  series       .  55G 
paraffin  series    .  550 
Isomorphism  .       237,  284 
Isoprene       .     .  7S3 

Isopropyl  .  .  551 
Isopropyl  alcohol  and 

ethers     .      .  591 

Isopropyl-carbinol .  597 
Isopropyl  -  dimethyl 

carbinol  .  ".  GOG 
Isopropyl-methyl-eur- 

hinol       .      .  G03 

Isosulphocyanates .  S6S 


J. 


Jade      .      .  .  390 

Jec-       •       •  .  787 

Jew's  pitch    .  .  7S7 

Juice,  gastric .  .  981 

Juice,  intestinal  985 


K. 

Kakodyl,  see  Cacodyl. 
Kalium  .       .       .  3ig 
Kaolin    .       .       374,  387 
Kelp      ...  190 
Keratin  .  .  970 

Kermes,  mineral  .  478 
Ketones  .  538,  751,  843 
Kino      .       .      .  829 


Kreatin,  see  Creatin. 

Kreatinine,  see  Crea- 
tinine. 

Kreosote,  see  C'reasote. 

Knpfernlckel .     .  4G3 

Kyan's  method  of  pre- 
serving  timber  402 

L. 

Labarraque's  disin- 
fecting fluid.  3GG 
Label  ink  .  .  78.-, 
Lac  ...  7K5 
Liietamido  .  709,  921 
Lactates  .  .  '  710 
Lactic  acid  .  .  707 
Lactic  ethers  .  7 10 

Lactlde  .     .     .  7(i!) 

Lactin     .  .  .  6$fl 

Lactone  .  ,  ,  709 

Lactoses  .  ,  ,  ,ii0 

Lakes     .  071,  941 

Lamp,  argand  .  174 
Lampblack  .  .  too 
Lamp,  gas-    .       ,  17.-, 
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Lam]),  safety- 

PAGI 
17G 

spirit-  . 

without  tliinir 

1 32 

Lanthanum 

381 

Lanthopine 

900 

Lapis  lazuli 

34'^ 

Lardacein 

902 

Latent  heat  of  fusion 

33 

vaporisation 

35 

Laudanine 

900 

Laughing-gas 

153 

Laumonite 

375 

Laurene . 

770 

Law  of  equivalents 

229 

Law  of  even  numbers 

244 

Law  of  multiples    lis,  229 

Laws  of  combination 

by  volume  . 

239 

Laws  of  combination 

by  weight,  .       115.  229 

Lead 

449 

acetates 

G75 

alloys  . 

453 

carbonate  . 

451 

chloride 

450 

oxides 

450 

plaster       .      .  G25 

red     ...  451 

salts,  reactions  of  453 

sugar  of     .       .  G75 

sulphide     .       .  449 

tree    .       .      .  275 

vanadate    .       .  492 

white  .      .  451 

Leaven  .       .       .  577 

Lecanora  patella    .  94G 

Lecanora  tartwea  .  940 

Lecanoric  acid      .  947 

Legumin       .       .  99G 

Lenses    .      .       .  65 

Lepldollte     .      .  349 

Lencaniline  .  .  892 
Leucine  .      .      687,  895 

Lettcoline      .      .  si):; 

Leucophanc    .       .  375 

Levulose        .       .  G3G 

Leyden  jar   .     .  94 

Lichens  .      .       .  94G 
Liebig's  bulbs  624 
Liebig'e  condenser  40 
Light    .      .      .  62 
blue  or  Bengal  .  480 
chemical  rays  of  78 
dispersion  of     .  66 
reflection    and  re- 
fraction of      .  G3 
polarised    .      .  73 
velocity  of  .  (12 
Lightning  rods     .  95 
Llgnin   .      .      .  (;.-,.( 
'■ignite  ...  787 
Lime      .             .  3G2 
Lime,  chloride  of  .  80S 

Limestone    .     .  884 

Liquefaction  of  gains  44 

of  carbonic  acid   46,  102  ' 
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Liquids,  boiling  points 
"F    ■  86 
diffusion  of       .  139 
expansion  of      .  23 
latent  heat  of    .  35 
osmose  of  .      .  141 
specific  gravity  of  4 
specific  volume  of  241 
volatile  organic,  ana- 
lysis of    .       .  527 
Liquorice  sugar     .  640 
Litharge       .       .  450 
Lithium  .       .       .  349 
Litmus   .       .       .  94G 
Liver  of  sulphur    .  327 
Loadstone     .       .  S2. 45(1 
Loaf-sugar,  .       .  1:45 
Logwood    "  .       .  952 
Lophine.       .       .  S95 
Luminosity,  conditions 

"f     .  171 

Lupulin  .      .      .  571; 

Lungs     ...  991 

Lutidine .      .      .  894 

Lymph  .      .      ,  986 


Madder  .      .      .  950 

Magenta       .      .  890 

.Magnesia              .  391) 

Magnesia  alba       .  391 

Magnesium    .       .  3S8 

carbonate   .       .  391 

chloride      .       .  389 

phosphates.      .  391 

salts,  reaction  of  :a»7 

silicates      .       .  391 

sulphate     .       .  390 

Magnetism     .       .  82 

Magneto-electricity  1 13 

Magnus,  green  salt  of  425 

Malachite       .       .  39G 

Wolamlc  acid  .  929 

Malamide     .      .  929 

Malamyl-nltrlle     .  980 

Malates  .      .       .  729 

Maleates       .       .  725 

Malleabilil  v  of  metals  288 

Malting  .       .      .  57G 

Maltose  .       .       .  686 

Mangana'es  .     .  473 

Manganese    .      .  469 

chlorides    .      .  470 

fluorides     .  171 

oxides  471 

suits,  reactions  of  47  1 
Marsh's  test  for  ai  sonic  490 

Manganite    .     .  472 

Manna  sugar  .      .  680 

Mannltan     .      .  681 

Mann  it  0  .       .  (130 

Mannltose     .     .  1137 

Manures.       .      ,  998 

Maple,  sugar  front  646 
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Marble    ...  364 

Mare-brandy  fusel-oil  594 

Margarin       -      .  692 

Mariotte's  law       .  16 

Marl      ...  374 

Marsh's  apparatus.  487 

Marsh  gas     .       .  164 

Marsh  mallow       .  929 

Massicot        .      .  450 

Mastie    .      .      .  785 

Mauve    .       .       .  SS9 

Mauveine      .      .  8S9 

Measures      .      .  1004 

Meat  ...  995 
Mechanical  equivalent 

of  heat    .       .  52 

Meconkline    .      ■  900 

Meerschaum  .       .  391 

Melam    ...  870 

Melamine       .       .  870 

Melaniline     .      ■  888 

Melene   .       .       •  553 

Melezitose     .       .  649 

Melitose        .      -  64S 

Mellite    ...  832 

Mcllone  .       .      .  871 

Mellonides     .       .  871 

Membranes,  mucous  989 

Membranous  tissue  989 

Mercaptan     .       .  588 

methyl-  .  .  570 
Mercurammonium 

salts        .       .  406 

Mercuric  ethide     .  591 

Mercury       .      .  400 

acetates     .       •  677 

chlorides    .      •  401 

cyanide  .  ■  S49 
expansion  of,  by  heat  23 


fulminate 
iodides 
nitrates 
oxalate 
oxides 
sulphates  . 
sulphides  . 
salts,  reactions  of 
Mercury-compounds, 

ammoniacal  . 
Meridian,  magnetic 
Mesityl  chloride 
Mesitylene  • 
Mesotype 
Metaeetone,  see  Pro- 

pione 
Metaclnnamene 
Metahmmoglobin  . 
Metalbumin  . 
Metaldehyde 
Metallammordurns 
Metalloids 
Metals  . 
chemical  properties 

of    .      .  • 
classincation  of  . 


S63 
403 
4110 
720 
AM 
406 
40G 
408 

406 
82 
754 
754j  768 
374 


771 
962 
961 
717 
348 
107 
287 

290 
291 


physical  properties  oi  287 


PAGE 

Metals,  table  of  specific 

gravities  of  .  288 
Metameric  bodies  .  543 
Metapectin  .  .  651 
Metaphosphates  •  311 
Metastannates  .  440 
Metastyrolene  .  771 
Metaterebenthene  779 
Metatungstat.es  .  510 
Metavanadates  .  492 
Meteorites  .  .  454 
Methane  164,  535,  545 
Methene  .  .  553 
Methenyl-ethers  .  623 
Methenyl-diphenyl- 

diamine  .  .  887 
Methide,  aluminium  571 
stannous  .  •  571 
zinc  .  .  .  571 
Methyl  ...  550 
acetate  .  .  G77 
alcohol  .  -  5G7 
bases  .  .  ■  877 
borate  .  570 

chloride     .       .  568 
ether         .       .  568 
formate  671 
iodide        .       .  56S 
mercaptan         .  570 
nitrate       .       .  569 
oxalate       .       .  722 
oxide         .       •  568 
phenate      .       .  793 
phosphates        .  570 
salicylate   .      .  821 
silicates      .       .  570 
sulphates    .       .  569 
sulphydrate      .  570 
sulphide     .       .  570 
telluride     .       .  570 
Methylamine        .  877 
Methyl-anthracene  777 
Methylated  spirit  .  574 
Methyl-benzene    .  762 
Methyl-carbinol     .  571 
Methyl-diethyl  etir- 

binol  .  .  60G 
Mcthvl-ethyl-amyl- 

phenylanimonium  SS4 
Methyl-ethyl-benzene  767 
Methyl-ethyl-carbinol  597 
Methyl-glycocine  .  682 
Methyl-hexyl-carbinol  608 
Met  hvl-isobutvl-ear- 

b'inol  .  .  606 
Methyl-isopropvl-car- 

binol  .  .  G03 
Methyl  mercaptan  570 
Methyl-morphine  898 
Methyl-phcnyl  ketone  843 
Methyl-propyl  carbinol  570 
Methyl-sallcylol  .  840 
Methyl-urea  .  .  628 
Mica  ...  375 
Microcosmic  salt  .  340 
Milk      .      .  987 


PAGE 

Milk-sugar     .      .  650 

Mindererus,  spirit  of  674 

Mineral  chameleon  474 

Molasses       .      .  645 

Molecular  actions  .  253 
Molecules      .       118,  242 

Molybdenite  .       .  512 

Molybdenum        .  512 

Monoacetin    .      .  678 

Monads         .      .  243 

Monamides    .       .  918 

Monamines    .      .  872- 

Monobasic  acids  307,  662, 

700,  703,  727,  810, 
S20,  827 

Monogens      .       .  230 

Monostearin  .       .  694 

Mordants       .      .  941 

Morindin       .      •  953 

Molindone     .       .  953 

Morphine  or  Morphia  S97 

Mortar    ...  362 

Mosaic  gold   .       .  446 

Mucilage       .      •  65" 

Mucin     .       .      .  983 

Mucous  membranes  983 

Mucus    .      .       •  983 

Mulberry  calculus  9S0 

Multiplier  .  .  101 
Multiples,  law  of    US,  229 

Murexan       .       •  940 

Murexide       .      •  940 

caffeine-     .      .  904 

Muriatic  acid        .  1S1 

Muscovado  sugar  .  643 

Must      ...  575 

Mustard,  oil  of      .  868 

Mycose  ...  649 

Mycomelic  acid     .  932 

Myosin  .       .       •  957 

Myricin  .      ■      •  611 

Myricyl  alcohol     .  611 

Myristica      .      •  690 

Myrosin        .      .  G41 


N 

Naphtha 

Naphthalene 

Naphthalidine 

Nareeine 

Naicogenine 

Narcotine 

Nephelin 

Nervous  substance 
Neurine 

Neutrality  of  salts 

Nickel  . 

Nicotine 

Niobium 

Nitraniline 

Nitraniside  . 

Xitranisidine 

Nitranispl 

Nitrates 

Nitre 


547 
772 
SS6 
900 
900 
899 
374 
9S9 
971 
308 
463 
907 
497 
S83 
842 
793 
793 
152 
321 
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Nitre,  cubic  . 
sweet  spirits  of  . 

Nitric  acid 
action    of,  upon 
amylaceous  and 
saccharine  sub- 
stances . 

Nitride  of  boron  . 

Nitrides,  metallic  . 

Nitrile-basea  . 

Nitriles  . 

Nitro-benzenes 

Nitro-cumene 

Nitro-cymene 

Nitroform 

Nitroglycerin 

Nitrogen 
chloride 

compounds  with 
oxygen 

with  hydrogen 

with  boron 
dioxide 

estimation  in  or- 
ganic bodies  . 

iodide 

monoxide  . 

pentoxide  . 

tetroxide  . 

trioxide 
Nltrolactin 
Nitro-naphthalencs 
Nitro-phenols 
Nitro-prnssides 
Nitro-saccharose  . 
Nitro-salicylol 
Nitro-thymolti 
Nitro-toiucnes 
Nitrous  acid  . 

ether  . 

oxide  . 
Nitro-xylenes 
Nomenclature 

of  alcohols  . 

of  hydrocarl  a 

of  salts 
Nonanc         .  635 
Nonene 
Nonyl  alcohol 
Nordhnnsen  sulphuric 
acid 

Notation,  chemical 
Nut-galls 

Nutrition,  animal  . 
Nutrition,  vegetable 

0. 

Occlusion  of  gases 
Ootammonlo-platinic 

compounds 
Octane  . 

Octene  or  Octylene 
glycol 

Octyl  alcohols   1 

ethers     .  , 


PAGE 

331 
5S5 
100 


657 
217 
15G 
9,  872 
SAG 
7G0 
7G7 
770 
G24 
626 
145 
1S8 

149 
156 
217 
154 

527 
195 
153 
150 
1  56 
154 
6S0 
772 
795 
855 
647 
840 
799 
7G5 
154 
585 
154 
766 
1 18 
666 
535 
116 
1  548 
553 
C09 

201 
1 18 

826 
994 
9118 


128 

427 
648 
553 
816 

607 


Octyl  carbinol 
CEnanthic  ether 
CEnantliol  or  cenan- 
thylic  aldehyde 
Oil  gas 
Oil  of  aniseed 

of  bergamot 

of  bitter  almonds 

of  cicuta 

of  cinnamon 

of  copaiba  . 

of  cubebs  . 

of  cumin 

of  elemi 

of  garlic 

of  gaultheria  pro- 
cumbens 

of  juniper  . 

of  laurel 

of  lavender 

of  lemon 

of  meadow-sweet 

of  mustard 

of  orange-flowers 

of  orange-peel  . 

of  ptychotis 

of  rosemary 

of  rue        .  709. 

of  spmea  ulmaria 

of  thyme 

of  turpentine 

of  vitriol 

of  winteigrcen  . 
Oils,  drying  and  non- 
drying 

volatile      .  782, 
Olcflant  gas  . 
Olefines 

compounds  of, 
with  halogens 
Oleins  . 
Olive  oil 
Opiammone  . 
Opianine 
Opium  . 
Orange-flower  ml 
Orange-peel  oil  668, 
Orcein  . 

Orcin  .  .  805, 
Organic  acids  688, 

Organic  bases      .  87, 

chemistry,  the 
chemistry  of 
carbon  com- 
pounds . 

substances,  action 
of  heat,  on 

substances,  olassili 
cation  of  . 

substances,  decom- 
position of 

Substances,  elemen- 
tary analysis 
of  . 

substances,  syn- 
thesis of  . 


516 
616 
534 
616 

522 
515 


PAGIi 

009 
6S9 

743 
169 
841 
7S3 
839 
7G9 
7S4 
783 
783 
7G9 
783 
614 

783 
783 
7S3 
783 
782 
838 
808 
783 
783 
799 
7S3 
784 
838 
783 
7 
201 
784 

700 
784 
165 
552 

554 
700 
700 
739 
900 
897 
7H3 
783 
806 
948 
650 
Will 


PAGE 

Organo-metallic 

bodies  538,  570,  590,  913 


Orpiment 
Orthophosphates 
Osmium 

Osmose  of  gases 

of  liquids  . 
Oxalates 
Oxalic  ethers 
Oxametbanes 
Oxamethylane 
Oxamic  acid  . 

ether  . 
Oxamide 
Oxides  . 

alcoholic 

metallic 
Oxygen 


483 
311 
440 
127 
141 
71S 
721 
721.  923 
721,  923 
721,  923 
721,  923 
721,  923 
115 
537 
301 
110 


its  action  on  organic 
compounds     .  517 
Oxygen-ethers      537,  563 
of  the  glycols     .  620 
of  the  polygiueosic 
alcohols  .       .  651 
Oxygen-salts  115,304 
Oxy-hydrogen  flame 

and  blowpipe  .  130 
safety  jet   .       129,  177 
Oxyphenols  .      .  801 
Ozocerite       .      .  549 
Ozone    .  121  245 


Palladium  .  .  42s 
ammoniacal  com- 
pounds of  .  430 
Palmitins  .  .  691 
Palm-oil  .  .  dm 
Pancreatic  fluid  .  985 
Papaverine  .  .  900 
Papyrin  .  .  G57 
Paraban  .  .  937 
Paraconine  .  .  908 
Paracyanogen  844 
fa  ratlin  .       .  .  648 

Paraffins      .  .  545 

BUbstituI  ion-pro- 
ducts of  .  .  5 19 
Paraglobin  .  .  957 
Paraglobulin  .  957 
Paralactates  .  .  710 
Paralbumin  .  .  068 
Paraldehyde  .  747 
Paramagnetic  bodies  186 
Paramlde  .  .  832 
Parainorphlne  .  000 
Paramylene  .  .  653 
Paranaphtholene  .  777 
Paranlline  .  .  882 
Parapectln  .  .  661 
Parapeptone  .  003 
Paraphosphatcs  812 
Parasnccharosc  6  (8 
1'archmenl  paper  -  657 
Parmcllo  pai  iel  Inu  040 
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Parvoline  •  •  894 
Paviin  .  .  •  639 
Pearl-ash  •  324 

Pectin  .  •  •  651 
Pentads ...  243 
Pentethyl-ethene-di- 

ammonium  iodide  887 
Pepsin  ...  964 
Peptones  .  .  962 
Perchlorates  .  .  188 
Periodates  .  •  193 
Percussion-caps  .  864 
Pcrissads  .  .  244 
Permanganates  .  473 
Peroxide  of  chlorine  186 
Persulphide  of  hydro- 
gen . 
Peru  halsam  . 
Peruvin  . 
Petalite  .  .  349,  374 
Pettenkofer's  bile-test  984 


208 
786 
800 


Petroleum  548 
Petuntze       .       ■  387 
Pewter  ...  480 
Phaseomannite     .  637 
Phenamylol  .       .  793 
Phenates       .      .  793 
Phenetol       .      .  793 
Phenol    ...  792 
Phenols  .      .       •  788 
diatomic     .       .  801 
monatomic  792 
tviutomic    .       .  809 
xylylic       .       .  79S 
Phenyl   ...  774 
Phenyl  alcohol      .  792 
bases  .       .       •  880 
chloride      .       •  '59 
cyanide      .      •  856 
hydrate  .  792 

Plicnylamine  . 
Phenyl-dibenzamide 
Phenylene 
Plienylene.-diamine 
Phenyl-melaniltne 
Philosophy,  chemical 
Phloretin 
Phlorizin 
Phloroglucin  . 
Plilorol  . 
Phorone . 
Phosgene  gas 
Phosphates  . 
Phosphide  of  calcium 
Phosphine 
Phosphines    .      540,  909 
Phosphoretted  hydro- 
gen . 

Phosphoric  acid  224, 
Phosphorus  . 

amorphous  . 

-bases . 

bromides 

chlorides  . 

estimation  of,  in  or- 
ganic compounds 


920 
771 
8S7 
88S 
229 
641 
641 
S09 
79S 
S38 
164 
310 
373 
225 


225 
310 
221 
222 
909 
'.".'7 
22G 

531 


PlIOSPHOI'.US — emit.  PAGE 

hydride      .       .  225 
iodides       .       .  227 
selenides     .      .  22S 
specific  volume  of  246 
sulphides    .       .  228 
Photography .      .  79 
Phycite  ...  628 
Picoline  ...  894 
Picrates  ...  796 
Picro-erythrin  947 
Pinacone       .       .  754 
Finite    ...  629 
Pipeline.      .      •  907 
Pitchblende   .      .  505 
Pitch,  mineral       .  787 
Plants,  supply  of  car- 
bon to  .   .      .  992 
Plaster  of  Paris     .  363 
Plate  g'lass     .      .  385 
Platinum       .      .  420 
ammoniacal  com- 
pounds of      .  423 
chlorides    .      .  422 
oxides        .       •  423 
salts,  reactions  of  42S 
sulphides    .      •  423 
surface-action  of  131 
Platinum-black     .  421 
Plumbago      .       .  159 
Plumbethyl    .  593 
Plumbic  compounds  450 
Pneumatic  trough  .  112 
Polarity,  chemical  .  271 
diamagnetie      .  88 
electric       .       .  90 
magnetic    .       •  83 
Polarisation  of  light  73 
circular      .       •  75 
Poles,  electric       .  90,  2C9 
Polybasic  acids     .  307 
Polyethenic  alcohols  621 
Polygenic  elements  230 
Polyglucosic  alcohols  644 
oxygen-ethers  of  651 
Polyglyeerins       .  627 
Polymeric  bodies  .  544 
Populin  .             •  6*2 
Porcelain       .       •  386 
Porphyroxine  900 
Porphyry      .      •  374 
Potash    .       .       .  320 
crude  .             .  324 
Potash-hulbS  .      .  524 
Potassio-ferrous  ferri- 
cyanlde  .      .  S53 
feirocyanide      .  853 
Potassium     .      .  316 
acetates     .      .  674 
alum  .       .       .  372 
bromide      .  319 
carbonates  .      .  324 
chlorate      .       .  323 
chloride      .       .  317 
eliminates         .  503 
cyanate      .       .  859 
cyanide     ■      •  84 


POTASSKM — COtlt.  PAGE 

ethide.      .      .  591 
ferricyanide       .  854 
feirocyanide     .  850 
formate      .       .  671 
hydrate      .      .  320 
iodide ...  318 
manganate .      .  473 
mellonldes  .      .  871 
nitrate       .      •  321 
oxalate       .      .  719 
oxides       .      •  319 
perchlorate       .  323 
permanganate   .  473 
prussiates  .       850,  854 
sulphates    .      ■  325 
sulphides    .       .  328 
sulphocyanate    .  866 
tartrates     .      .  732 
tetroxide    .       .  319 
urate  .      .       .  857 
Potassium-ethide  .  J>91 
Potassium-salts,  reac- 
tions of  .      .  328 
Potassoxyl     .       .  252 
Potato-nil      .       .  599 
Precipitate,  red     .  404 
Precipitate,  white  .  407 
Prehnite       .      .  375 
Pressure  of  the  atmo- 
sphere   .      •  12 
Pressure,  influence  of, 

on  chemical  action  256 

Prism,  Nichol's  .  75 
Prisms,  refraction 


through 
Proof  spirit  . 
Propane  . 
Propene . 
Propene  alcohol,  or 

glycol 
Propenyl  alcohol  . 
Propine  . 
Propione 

Proportions,  multiple 
118. 

Propyl    .      .  551, 
Propyl  alcohol 
Propylamine  . 
Propyl-benzene 
Propyl  carbine] 
Propyl-dimethyl  car- 
binol 

Propylene,  or  Pro- 
pene 

Propyl 'methyl  car- 
binol 

Propyl  -  methyl  -  ben- 
zene 
Propyl-phycite 
Propyl-toluene 
Protagon 

Proteid,  coagulated 
Proteids,  animal  . 

vegetable  . 
Protein  .  . 
Prussian  blue 


65 
574 
535,  54S 
553 


615 
624 
561 
752 

229 
593 
594 
879 
767 
596 

GOG 

553 

603 

769 
629 
7T1 
971 
961 
955 
995 
959 
S53 
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Prussiate  nf  potash, 

red    ...  854 

yellow           .  850 

Prosaic  acid  .       .  S44 

Pseudocumeno      .  768 

Pseudo-erytbrin    .  947 

Pseudo-morphine  .  900 

Ptyalin  ...  977 

Puddling      .      .  4i;o 

Purple  of  Cassius  .  418 
Pnrpurate  of  ammonia  940 

Purporin      .      .  951 

Purree  .      .      .  959 

Purreuone     .       .  952 

pus       ...  98G 

Putrefaction  .       .  51s 

p>'in      ...  980 

Pyrene  .      .      .  777 

Pyridine       .       .  894 

Pyrites  .  .  .  458 
Pyroacetic  spirit,  see 

Acetone  .  .  753 
Pyrobenzoline  .  895 
Pyroeatechin .  803 
Pyrochlore  .  497 
Pyrogallol  .  .  809 
Pyrolusite  .  .  471 
Pyrometer  .  .  21 
Pyrophorus  of  Rom- 
berg .  373 
Pyrophosphates  .  312 
Pyroxylin  .  .  657 
Pyrrol  ...  894 


Q- 

Quadrivalent  elements  243 

Quartans      535,  545,  548 

Quartcne       .  535,  553 

Qoarteiie-glycol  .  615 

Quartme      .  .  561 

Quarty]  .  .  .  535 
Qtiartyl  alcohols  and 

ethers  .  .  596 
Quartz  .  .  218 
Quatuordecane  !  54,8 
Quercetin  (j.il 
Qnercite  .  630 
Quercitrln  041 
Quercitron  hark  .  952 
Quicksilver  .  .  400 
Quina  .  .  900 
Qnindecnne  518 
Qalnhydrone .  802 
Qninicine  .  902 
Qnlnidinc  .  goj 
Quinine  .  .  .  goo 
Quinine,  amorphous  802 
Qulnoldine  .  .  902 
Qninone .  .  ,S0-< 
Quinquivalent  ele- 
ments .  243 
(Nnfffle  •  535. 518 
Huintene  535,  553,  601 
BUIntene  glycol  .  015 


„   .  PAGE 

Quintenyl  aleoliol  .  62S 

Quintine        .       .  r.Gl 

Quintone  .  .  561 
Quintyl  alcohols  and 

ethers     .      .  5119 


n. 

Racemates     .      .  730 
Radicals,  compound  251 
Rangoon  fcnr  .      .  547 
Realgar  .      .      .  433 
Red  fire  ...  360 
Red  lead       .      .  451 
Red  oxide   of  man- 
ganese   .       .  472 
Reducing  agents,  ac- 
tion of,  on  orgaific 
bodies     .       .  520 
Refining  of  pig-iron  460 
Reflection  of  light  63 
Refraction,  double,  of 

light  .  .  63 
Reinsch's    test  for 

arsenic  .  .  4S7 
Rennet  .  .  .  937 
Residues  .  .  251 
Resins  .  '.  .  735 
Resin  of  /■'«•«.,'  rubi- 

ffinosa  .  .  791 
Resorcm  .  .  804 
Respiration  .  114,  991 
Retene  .  .  .  777 
Reverberatory  furnace  171 
Rhodium  .  .  431 
Roccclla  tincforia  .  916 
Roeccllinin  .  .  946 
Rochelle  salt  .  .  733 
Rock-oil  .  .  548 
Rock-salt  .  330 
Roman  alum  .  .  373 
Romelne  .  .  477 
RosanUine  .  800 
Roseine  .  .  890 
Rue,  oil  nf     .  7 19 

Rubia  tinctorum  .  950 
Rnbiacln  .  951 
Rubiacicacid  951 
Rnhian  .  .  951 
Rubidine  .  894 
Rubidium  350 
Rubidium  alum  373 
Ruby  .  371 
Bust  .  .  454 
Ruthenium  4313 
-salts,  reactions  nf  439 
Rutile  .  448 
Rutylene      .  661 


Saccharimeter 
Saccharose 
Safety  lamp  . 


76 

615 
176 


PAGE 

183 
951 
952 
655 
402 
344 
6.55 
641 
820 
838 
821 
S39 
83S 
836 
0-12,  S04 
042,  804 
987 


641, 


115 


Safety-tube  . 
Safflower 
Sa  ffron  . 
Sago 

Sal-alembroth 
Sal-ammoniac 
Salep 
Salicin  . 
Salicylic  acid  . 
aldehyde  . 
ethers . 
Salieylites 
Salieylol 
Salicylous  acid 
Saligenin 
Saliretin 
Saliva  . 
Salsola  soda  . 
Sal>,  common 
definition  of 
of  sorrel 
Salt-cake  process 
Salts,  acid 
basic  . 

binary  theory  of 
constitution  of 
double 

norma]  or  neuti 
solubility  of 
Saltpetre 
Samarskite  . 
Sandarac 
Saponification 
Sapphire 
Sarcolactates  . 
Sarcine  . 
Sarcosinc 
Scagliola 
Scheele-'s  green 
Sea-water,  composi- 
tion of  . 
Secondary  butyl  alco- 
hol . 
hexyl  alcohol 
octyl  alcohol 
propyl  alcohol  . 
electrolytic  decom- 
position . 
Scggars  .  . 
Scignette 
Selenethyl 
Solenettud  hydrogen 
Selenic  acid  . 
Selenides,  metallic 
Seleniocyanates 
Solcnlous  acid 
Selenlte . 
Selenium 
Sonarmontito 
Septlvlglntono 
.Scries,  homologous 

and  ISOlOgOUS  534,  535 

Serpentine    .  .  392 

Serum  albumin  951; 

Serum  of  blood  97 1 

Sexdecene     .  ,  553 


332 
330 
304 
719 
332 
307 
308 
305 
115,  304 
307 
al  307 
138 
321 
497 
785 
025,  694 
371 
710 
905 
682,  907 
363 
4S4 

137 

597 
GOG 
608 
494 

265 
387 
733 
590 
212 
212 
315 
869 
212 
868 
21 1 
476 
553 
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Sexdecyl  alcohol  . 
Sextine  . 

Sexvalent  elements 
Shale  . 
Shellac  . 
Silica 

Silicated  hydrogen 

Silicates  of  alumi- 
nium 

Silicates  of  magne- 
sium 

Silicic  acid 

Silicic  ethers  .  570 
Silieotungstates 
Silicium  or  Silicon 

chloride 

fluoride 

hydride 

oxide  . 
Silver  . 

acetate 

henzoate 

carbonate  . 

chloride 

cyanate 

cyanide 

fen'ocyanide 

fluoride 

fulminate  . 

hyposulphate 

iodide 

nitrate 

oxides 

sulphate 

sulphide 

thiosulphate 
Silver-alum  . 
Silver-sails,  reactions 

of    .  . 
Silver-standard  of 

England  . 
Sinamine 
Sinapoline 
Size 
Skin 
Slate 

Smalt     .      •  • 
Smee's  battery 
Soap 

Soap-stone 
Soda 

Soda-ash  process  . 
Soaa-ash,  testing  its 

value 
Sodium  . 

acetate 

bicarbonate 

bisulphate  . 

borates    ■  . 

bromide 

carbonates  . 

chloride 

cyanide 

ethide 

ferrocyanidc 

hydrate 


aoe  Sodium — cont.  tage 

CIO  hyposulphite     .  339 

561  iodide.       .       .  330 

243  nitrate       .      ■  331 

374  oxides        .      .-  330 

7S5  phosphates        .  •  340 

218  sulphates    .       •  339 

220  sulphides    .       ■  342 

tartrates    .       •  734 

374  thiosulphate      .  340 

urate  .      .       .  931 

391  Solanine       .       .  643 

218  Solar  spectrum  .  66 
58S  Solder  .  .  .  453 
508  Soleil's  saccharimeter  76 

217  Solids,  expansion  of  22 
220  specific  gravity  of  7 

219  specific  volume  of  241 

220  Solubility  of  salts  .  138 

218  Sorarfjee  .  .  952 
351  Sorbin  .  .  .  63S 
677  Sorrel,  salt  of  .  719 
812  Spar,  calcareous  .  364 
356  Sparteine      .       .  907 

353  Spathose  iron  ore  .  457 
860  Specific  gravities  of 
849  gases 
854  of  metals  . 

354  of  solids  and  liquids 
S62  of  vapours 

355  heat  . 

354  heat  and  atomic 

355  weight  of  ele- 

354  ments,  relations 
353  between  . 

356  Speculum  metal  . 

355  Spectroscope  . 

373  Spectrum 
Spectrum-analyi-is 

356  Speiss  . 
Spermaceti  . 

356  Spirit,  commercial 

869  methylated 

869  Spirit  of  Mindererus 

9G7  Spirit-lamp  . 

9S9  Spirits,    table  of 

374  spec.  gr.  of  1005 
469  Spodumene  . 
273  Spongin 
694  Springs  . 
392  Stannates,  metallic 
330  Stannethyls  . 
332  Stannic  and  stannous 

compounds 

Stannic  ethide 

328  Stannoso-stannic 

674  ethide 

373  Stannous  ethide 

Stannous  and  stannic 

340  methide  . 

330  Starch  . 

:;;l  State,  change  of,  by 

330  heat 

838  Steam,  pressure  of,  at 
different  tempera- 

83S  tures 

330  specific  gravity  ot 


48 
28S 
3 
4S 
28 


230 
400 
67 
66 
68 
463 
610 
574 
574 
674 
174 

1003 
349,  374 
970 
137 
446 
592 


41:5 

593 


592 
592 


.-i  71 

G52 


82 


37 
186 


PAGE 

Steam,  latent  heat  of  35 
Stearic  ethers  .  694 
Stearin  .  694 
Stearoptene  .  .  785 
Steatite  ...  392 
Steel  .  .  ■-  4C1 
Stereochromy  .  386 
Slibines  .  .  910 
Sticklac .  .  .  785 
Stilbene .  .  .  775 
Stilbite  .  .  .  375 
Stoneware  .  .  388 
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